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A  miDPral  from  Bruasvlck  in  tliA  State  of  M&ine,  consisting  of  whit« 
pieiirlj  sctiJes,  having  th(*  fer*l  of  a  sod  eartlij  talc,  and  oontainitig,  according  to 
TbomBo  n  {OuUinea  of  Mineraioffif,  L  244),  64  44  per  cent,  silica*  28*84  alumina,  4*43 
f**rric  OKid^,  and  10  water  (  =  9871).  Talcitc,  from  Wicklow  in  Ireland^  ii  similar  in 
phyfttcal  cfaaracf^fi  but  of  diff*  rent  chemii^al  compoisition,  ptmfaininpj  onlj  about  45  p<*r 
cent,  of  silica.  A  mineral  also  called  nacrtU  from  the  mica-slitte  of  the  Alp^K  in  which 
Vauqaeltn  found  50  per  eenL  ailica,  26  alumina,  5  ferric  oiide,  I'd  lime  and  17'^ 
potaab,  appears  to  huTe  Deen  a  mica. 

I.     Foiiatfd  Tellurium,  Black  Tdlurium,  Tellnrium-glanct,  BlattfT' 

II ur,  Biatttrcrc^ — Native  lelluride  of  lead  and  gold,  occurring  sometimes  in  dimetiie 
rtystals,  oP  .  2  Poo  .  P.  in  which  the  lensth  of  the  principal  axis  is  1  298  ;  clearagio 
basal;  tnoro  freqaentljr  however  in  lamellar  masaes;  sometimes  graniikr.  Hardnnw 
»  I— '1*6.  Specific  grant jj  0*84 — 7 '2.  Opaque,  with  metallic  lustre  and  blackiah 
lead-ffrej  colour ;  f^trriik  the  same.  Thin  laminae  very  flexible.  When  heated  in  a 
tulm,  it  gives  off  snlpliurous  anhydride,  and  yields  a  white  sublimate  couKisting  chiefly 
of  tothtruos  anhydride.  Melta  easily  before  the  blowpipe,  bumuii;^  with  a  l>lue  flome^ 
and  forming  on  the  charcoal  a  yellow  depoeit  which  aisappears  in  the  inner  flame,  and 
finally  leaving  a  button  of  mallesble  gold. 

Kagyagite  contains,  according  fo  the  most  recent  analysis  bySchonlein  (Ann.  Ch, 
Pharm.  Ixxxvi.  201),  970  per  cent^  sulphur,  3009  tellurium,  60  95  lead,  9*10  gold, 
0'63  silver,  and  0-99  copper*  agreeing  with  the  formulit  (Ppb ;  Au*).(Te ;  S).  Specimens 
analysed  by  Berthier  and  Folbert  {RammtUlxrg'9  MineralckemU^  p.  57)  were 
fbaad  to  contain  antimony  (377 — 4'55  per  cent.), 

Nagyagite  occurs  tn  veins  at  Nagyag  and  Offkibanya  in  Tnrnsylvauia,  asaociuled  at 
thi3  former  place  with  sylvanite,  silicate  of  manganese^  blende  and  gold,  tind  at  tlie 
latter  with  antimony  ores.  It  is  also  said  U>  occur  abundantly  at  WhittfhaJI,  near 
Fr»Kifritkj*bnrgh  in  Virginia.     {KmngoWt  Utfter^kht,  I8fi0-61,  p.  14S.) 

VAlfCMXC  JkCm*  Braconnot's  name  for  the  add  which  he  found  tn  the 
witsh4iquor  of  the  preparation  of  wheat*etarch»  fee,  afterwords  shown  to  be  lactic  acid 
(iii.  463). 

WiLYSmtA*  A  term  applied  by  the  old^^r  chemical  writen  to  a  Tariety  of 
volatile,  niobiJfv  strong  smelling,  inflammable  liquids,  chiefly  belonging  to  the  elaas  of 
ethers;  thus  the  sulphate,  nitrate  and  acetate  of  ethyl  were  called  Naphtha  fntrioii^  N, 
niifi,  N.  actti,  &c  Subsequently  it  wan  restricted  to  the  liquid  hydrocarbons,  which 
iMue  from  the  earth  in  certain  localities^  and  appear  to  be  produced  by  the  action 
of  a  moderate  heat  on  coals  or  bitumens.  More  recently  it  has  been  again  extended 
so  as  to  include  most  of  the  iDflammable  liqttids  produced  by  the  diy  diiitiUation  of 
organic  sabtitance^.     The  liquids  thus  designated  are:— 

L  Bogbead  or  Bfttlirata  Vftplitlia«  aUo  called  Phoiogfn  and  Paraffin  <hI. — This 

liquid  was  originally  obt^iined  by  distilling  the  Torbane  hill  mineral  or  Boghead 

coal  at  as  low  a  temperature  as  pt^snible ;  but  it  is  now  known  that  any  caiinel  coal 

Dr  even  bituminous  shale,  if  subjected  to  similar  treatment^   will   yield  the  same 

IprotJncts. 

Vol,  JV.  B 


NAPHTHA. 


The  erode  dtfttilhile  ifl  a  mixtoro  of  BeTt-ral  li^jnid  hydrocarlxins,  togfthep  inth  add 
»tid  biwic  compounds.  When  puritifd  by  rtJiptiSliitiun  mid  aubfl^^tint^nt  trt?ntiw"nt 
with  sulphuno  acid  Jind  caustic  mdn,  it  yitld»  im  oil  coiiBisting  of  a  mixture  of  Turiuiia 
fluid  bydrocarbona  holdiug  paraffin  in  Bolution.  By  diBt illation  with  water,  it  is 
s^amted  iDto  a  volutiie  liquid  {a}  lighter  ihun  wator  and  containing  littk  or  no  par* 
ftffin,  and  a  less  Toktile  liquid  which  contains  pamffin,  and  aftpr  further  purification  by 
■racoesaiTe  trpntment  with  oil  of  vitriol  nnd  chAlk,  is  well  adapted  for  lybricaiing^ 
maehineiy.  When  heated  to  between  -1*^  and  +  4-6'='  C.  (30^  and  40^  F.),  it  deposits 
a  portion  of  the  paraffin,  the  rcmainmg  liquid  being  a  saturated  solution  of  piiniffin 
in  the  fluid  hydrocarbons. 

The  Tolatile  oil  («)  i»  n  mixture  of  a  great  number  of  hydrocarboQ0>  belonging  to 
three  differtnt  series,  im,  theolefine»,  C^H*" ;  thebtmfeneseriii^  Ofi'»-~*;  and  the  loarsh- 
gaa  fieries  or  lilcoholie  hydrides,  CH****.  To  scparjile  these  bodied  it  is  neeeasary  first 
lo  subject  the  liquid  to  a  long  scries  of  fractional  distillations,  whcri-by  it  is  resolvetl 
into  portions  boiling  at  intervals  of  10^,  and  then  to  treat  eacfc  fmction,  first  with  bro- 
mine to  remove  the  olefine»,  tmd  then  with  strong  nitric  acid  which  reraorea  benzene 
and  its  bomologuefl.  The  hydrocarboiui  remaining  after  these  euecesaive  treatments  con- 
surt  of  tlie  aJeoholic  hTdrideSi  OH*'*'*''.  The  following  have  hutn  separated  :— h  y  d  r i  d  © 
of  hexyl,  C*H'\  boihngat68^;  hydrideofoctyi,  CH'*,  boiling  at  119°- hydride 
C»f  decatyl,  C"H«  boiling  at  109"=*;  and  hydride  of  dodecaty  I,  boiling  at  202°. 

SfiiM  If  lapbttiai*  Bime  oil^  Dtppets  ijnimal  ffif,  alrcjidy  described  (i.  625),  consists 
chiefly  of  a  mixture  of  hydrocarbons  which  have  not  yet  been  iuve*itigrtted  with  certain 
volatile  bases,  vix.  ammonia,  pyrrhol  (C*H*N),  and  bilges  of  the  senes  C»H^"^'I4  and 
OH*"-*N,  homologous  with  ethylamine  luid  pj'ridine  respectively^  together  with  smaller 
quant  (ties  of  acids, 

3.  Caootot&ono  IVaiilittiA  or  Caouichoucin  (i.  736).  ia  for  the  laofit  part  a 
mixture  of  polvmcric  bydrocarlvons,  chiefly  caontehin  and  iwoprenc, 

4.  Coal  ITa^lktliii  is  ohtaincd  by  the  distillation  of  coal-tar  (see  i.  1038).  The 
**  light  oil"  after  separation  from  the  henvier  '*  creosote  oil,"  or  *'deftd  oil,"  is  rectified, 
whereby  a  further  piortion  of  bt-avy  oil  h  ni  parated  and  crude  c  o  a  !-n  a  p  ti  t  h  a  ie  obi  ainef). 
Tbia  ia  agitated  with  sulphuric  acid  to  free  it  from  organic  bases,  and  the  supernatant 
liquid,  after  further  rectification,  yields  the  **  highly  rectified  naphtha  "  or  ** benzole'*  of 
commerce,  which  ia  ^«fly  a  mixture  of  fire  oily  hydrocarbons  of  the  Ixtiiene  Beries, 
Tix-  benzene,  C»H<,  bdUng  at  80'i° ;  toluene  C'H",  at  114^;  xylene,  C'H'^  i»t 
I260;  cumenc,  C»H",  at  14-1°;  and  cymeue,  C"H'*,  at  \1l*bP  The  liquid  hydro* 
eurbonfl  of  coal-naphtha  boiling  at  higher  temperatures  have  not  been  much  ntudied. 
Drditian'  coal-naphtba  likewise  contains  tniccs  of  olefines. 

The  toMe  conetitiienta  of  cmde  coal-naphtha,  which  are  removed  by  agitating  the 
liquid  with  milphuric  oeid»  may  be  obtained  in  the  frt?e  state  by  distilling  the  acid 
liquiil  with  exct'sw  of  alkali,  and  sepamled  from  one  another,  partly  by  fnwnional  dis- 
tillation, partly  by  fractional  cr^tallisation  of  thi'ir  platinum -salts.  These  bases  belong 
to  two  series,  the  one  series  consisting  of  pyridino  and  its  honiologues,  represented  by  the 
fffoeral  fonnula  OH**— 'N,  \-iiE.  pyridine,  C*H*N  ;  picoline  and  its  isomer,  ani- 
line, OH'N;  lutidine,  C'H"N ;  andcolljdine.  eH"N ;  while  the  other  series  of 
lMi»eB,C"H*"-"N,  is  isomeric  with  chinoline,  t^H'N,  and  its  homologues,  via.  leaco> 
line,  C»H'N;  i  ri  doli  ue,  C'^H-M;  and  cry  t>  tidine,  C*'H»'N  (see  LEroouNa,  jii.  583). 

The  alcohol -baaes,  C*H*"*'N  (met  by  hi  mine  and  its  homologacs),  which  occur  in 
bone-oil,  appear  to  be  altogetber  aU«eiit  from  coal- naphtha. 

Coal-tar  also  contains  largo  quantities  of  naphthalene,  C^*1I"  (p.  4). 

The  **  dead  od  "  or  h^sa  volatile  portion  of  t^ml-tar  contains  a  considemble  qnantitj 
of  phenol,  ph^nylic  alcoholi  pbenic  Rcid,  carbolic  acid,  or  coal-tar  creosote,  C*H*0, 
together  with  sevi^ratl  hydrocjurbons  of  high  bollinp  point,  and  existing  at  ordinary  tem- 
peratures fts  cry  stall  ine  solids;  the»e  have  iKen  but  imperfectly  examined.  The  last 
portions  f^f  liquid  which  pa^fl  over  in  the  distillation  of  coal-tar  cijutaln  two  of  theae 
•olid  hydrocarboUB,  nz.  chrvsene,  C*HV  and  pyrene,  CH*',  the  former  Wing 
insoluble,  the  latter  soluble  in  ether  (see  CmiYSBNa,  i.  958),  The  last  semifluid 
'  portions  of  the  tar  also  contain  anthracene  or  paranaphthalene,  C**H",  which 
separates  out  in  the  solid  state,  when  the  semiflmd  oil  is  exposed  to  a  low  temperature 
(see  pAKAirA.FnTnAi.aNR). 

5.  Mlnaral  or  STatl^e  ITapbUia,  Petroleum,  Hock-oil,  5'/<'mo/.— This  is  an 
inflammable  liquid  of  a  more  or  less  tarry  consiBteoce,  which  issues  from  the  earth  in 
various  loealitit*s,  occurring  in  large  quantities  in  Persift,  at  Rangoon  in  the  kingdom 
of  Barmabt  in  Canada,  and  other  partj)  of  North  Amerim,  and  is  generally  asaodnted 
with  solid  bitTimen  or  asphalt,  as  in  the  great  pitch-luke  of  Trinidad  (L  426).  These 
naphthas  consist  almost  wholly  of  mixtures  of  hydn>cai-l>ons ;  the  older  analyiea  made  of 
them  are  of  little  value,  bi^caose  tb«  proximate*  oonatituents  were  m>%  aeparated  witU 
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€•«» ;  rocently,  however,  the  Amertcnn  pr!iv>teiim  has  boon  TOndr  Ibe  ftnlj^cfc 

of  un  eUbonite  iuTesttgatton  hy  PeJousft  nml  CiiKoitrs  (Ann.  Ch*  Phunn.  cjtiiv. 
2K0 ;  cxxni.  196;  cxxix.  87  X  ^ho  hnve  shown  timt  it  is  nmde  up  nlmoiil  t;ulire1j  of 
llu^  «eri<«  of  alcoholic  hydrides,  C'H*«*',  from  hydride  of  tetryl,  C*ll*»,  npwardii.  the 
KTi'SkU't  portioti  huwerer  consii^ting  of  hjdridp  of  hi^iyl,  C*H'*  (aoe  Uitjudrs,  iiL  181). 
Ilt'DC**,  und  from  ihe  compofition  of  Boghrnd  aod  canncl  cx>iil*naphthu,  it  would  uppeair 
thut  thc»o hydride*,  homologous  with  mar«h-jpis,  conntitute  the  cbi<'f  prtKluttH  of  the  d*^ 
cojupuitition  of  coeil  and  lutamlnout  &ub9tan(:i^  at  eonipiuutivdy  low  tcmpcmturca  (se«) 
PwrwiLMUu), 

liarmese  naphtha  or  Ranaotm  tar  lb  obtaint'd  h^  friiiking  wells  about  CO  ffet  de^  in 
the  noil,  the  liquid  gradunlly  oozing  out  and  being  r<^inoTcd  110  »oon  jis  a  suffifient 
quiinNty  hu«  HccumuLiUnL  There  arc  ftli^nt  fi  v«^  hundrwl  of  these  nuphtha  wells,  yielding 
aoDDiUly  Atxiut  4ri,<H>u  hogBhf'vidft.     T\.'^  '    '  i1>out  H  per  cftJt,  of  solid 

paraffliL     l)e  t»  Ra<»  and  M tiller  (]'  l  ),  hy  distiUing  th«  crudo 

ntiphtba  m  ao  atmcwitherc  of  etoam,  -  j.    .  i    i,  .   :..,    ijigher  l#imj,>erdl«rea,  have 

rvftohed  it  into  the  following  portioiii, : 


BclowKKI^a 

110°  to  1450, 

145^  to  melting  point  of  luaU  . 

At  about  the  melting  point  of  load 

Bf^yond  iisclting  point  of  lead  - 

Last  difftiiled Pitchy  matters 

Beddiie  in  ttiU       .        .        .        A^^""  contaimng  a  UtU«  earthy} 

/     impunty.  ,         .         *       *\ 


FrtH*  fn>m  pantffln 
A  little  paraffin   .... 
\CoiitJiiiiing  paraffin  but  utill  fluid! 

J    .to»      .      .      .      .      I 

iSuffleiontly  solid  to  be  eubmit-J 
t<Hl  to  prwiHure         .        .      .  I 
Quantity  of  paraMo  diminiahM    • 


11 
10 

20 

31 

21 
8 


L 


100 

The  proportion  of  hydrocarbons  rem orable  from  the  rarioua  dbtlUateaby  strong  «ul* 
phtuic  adcl,  nitric  acid,  or  h  mixture  of  both  acids^  10  in  moet  cafiM  amall^  inCTt^aMitig 
gpuerally  howcrer  with  thd  boiling  point  of  the  liquid,  and  rarying  from  out5-t»^rilh  to 
DCjirly  a  third  of  the  compound  nydrocarlton ;  hence  it  is  probable  that  tlit§  niiphlha 
likewise  eonaiita,  for  the  moat  part,  of  homologucs  of  marsh-gaji*  The  hydrocurboua 
reuioved  by  nitric  acid  couaist  of  benzenot  tolueuei  xylene^  and  cumoue. 

6.  Sbale  Va^litlim.  Shale  nil. — The  naphthas  olHMin<xl  by  the  dry  difttillutjon  of  the 
Tarioua  bituminous  ^hnlcs  or  nchista  present  great  dtrersity  of  cuinpoaitioup  and  hut 
fpw  of  them  hare  hitherto  b(*en  mbmitti^  to  careful  examination.  The  bituminoua 
elude  of  Dorvetahiref  the  naphtha  from  which  has  been  examined  by  Q  Or.  Williams 
(Cliero.  80a  Qu.  J.  Tii.  97 )»  eontaina  much  nitrogen  and  sulphur^  arifting  to  a  gr^at  ex- 
tent from  the  preeence  of  a  large  quantity  of  send-lbiBiiiiiC'd  animal  rt-muins.  Hence 
the  crude  naphtha  is  intolfvably  fetid.  It  may  be  sweetened  and  frped  from  its  baaic 
and  acid  constituents  by  repeated  trefttsnent  with  aulphurte  acid  and  cauj^tic  soda,  and 
then  contains  nearly  the  aama  ooDstitoeots  as  Boghead  naphtha,  vtz.  bens  one  and  its 
homologues,  Tarious  olefines,  and  small  qujuitities  of  the  homologiues  of  marsh -gas. 
The  basic  contctttuents  remov<^  by  sulpborie  acid  consist  of  pyridine,  and  its  homo* 
logues  ;  the  acid  portion  is  chiefly  phonic  or  carbolic  acid. 

The  French  shale  oils  hare  been  examined  by  Laurent  and  8t.  Evr***  but  without  any 
Tery  satisr^tory  results.  Laurent's  analyses  hare  been  quoted  by  Gerhard t  (Trait^, 
iv.  42.1),  to  show  that  the  hydroctrbons  approach  in  composition  to  the  formula  «CH^ 
(eidc  86  7  t>er  cent  carb^  ;  anal  86-6 — *6*2  p^  cent,), 

Laurent^  by  suhJMtitig  the  portion  of  tihale  oil  boiling  between  SO^  and  1^0^  to  tha 
aetiQii  of  boiling  MDeentimtsd  nitric  acid,  obtained  an  acid  which  he  called  ampelie 
acid  (i.  20t),hATingtbseomposition  of  ealicylic  acid,  C'H*U*,  and  probably  ibrmcd  by 
the  oxidation  of  one  of  the  bomologucs  of  ben/enr . 

The  ▼arious  bitumens  and  aa|khaits.  of  which  immense  deposits  exifrt  in  many  coun- 
triea,  yield  by  distiUation  oHf  or  naphthai*  of  similar  naturt^  to  fthnle  oil. 

The  shale  oil  prepared  at  Bantling  from  *'  Postdoirieiischicfir/'  yiehis  by  diMtillalion 
a  small  quantity  uf  t^r  not  exceeding  3  5  per  cent.  The  hydrociirb^nff  obtained  from  it 
are  said  to  hartt  a  composition  represented  by  the  formula  C*!!-""^,  1  he  great  «*rportioni 
which  boils  between  100''  and  l?^'',  being  CB*'.  (Hnrbordt,  Ann.  Ch  Phamu 
cxxir.  H.) 

For  further  details  respecting  the  preparation,  proportie^,  and  composition  of  tho 
sereral  naphthsN  alujTe  mentiouMl,  see  th*>  acnes  of  ♦^x.^fllint  iirtifles  on  KapSTBAS  by 
C.  G  r.  W  t  U i am »  iu  the  new  edition  of  Urc'a  Dictionary  of  Arts,  Bfai^u/attuftt  ana 
Minn,  iii.  22i>-233, 

n  2 


NAPlITHADIL^NAPinilALENK. 


VAYSTBJLUZSn  a  Hub^tuDCe  ilcnriKl  from  minimi  iiaplithu;  it  ia  blackj  will)  & 
w(*iik  j^"5a»y  liiHtre  ;  copper-brown  in  frarture  ;  doea  not  change  in  the  light,  melts  at 
tht*  fiiime  tompenitiire  a«  wiix,  and  burns  with  &  clejir  flarae.     (Dana,  iL  470.) 

JI',&FBXKAl»il,ai£IB£.     Syn.  with  FuTiLLLiUkfiPK. 

ITA^HlfBAXi&SlL  (P^WO?.  (LaureDt,  Ann.  Ch.  Phys.  [2]  lii.  326.)— To 
pr*'pare  this  compound,  nilro-niiphthali'ne  ib  heated  with  gtv&i  care  with  8  op  10 
linie!^  its  Wf ight  of  liydnite  of  burium,  the  retort  being  fiJkHl  up  to  the  nock.  Ammonia, 
uuphtJialcne,  and  an  oiJ  then  puss  over»  while  ii  thicker  oil  condenses  in  the  neck  of  the 
retort,  and  eolidiiies  on  cooling.  In  order  to  obtain  the  nuphthalasp,  the  neck  of  tho 
retort  i§  to  be  cut  oflF  ntar  the  bulb^  and  washed  with  ether,  by  which  means  the  oily 
impiiriti*>s  and  any  naphthalene  preaent  ftw  removed. 

N^ffhihalas*  la  a  ycHow  Bubsiance  which  suhlimea  without  fusing  at  250*^.  At  a 
Btiil  higher  temperature  it  mdlts  and  boils^  g^^iJig  ^^  ^^  yellow  vaponr  which  condcnaet 
in  email  spangles,  which  are  deposited  in  long  yellow  needles^  It  is  inBoluhle  in  alcohol, 
almofit  iniioluble  in  ether,  solnbla  in  water.  Its  most  characteristic  property  is  its 
power  of  colouring  sulphuric  acid  a  beautiful  violet  tint.  The  smallest  quantity  gives 
tlte  reaction,  and  the  colour  m  not  destroy ed  in  hermeticiilly  closed  tubes,  even  after 
the  iape«  of  two  years, 

Napiithalaae  does  not  appear  to  ho  destroyed  by  nitric  acid,  inasmuch  aa  after  Mng 
heated  with  that  acid,  it  still  diesohes  in  sulphuric  add  with  a  blue  colour*  Chlorine 
does  not  remOTO  from  it  its  power  of  colouring  oil  of  vitrioL 

No  success  has  attended  the  various  eflforts  which  haTe  been  made  to  isolate  iJie 
coloiured  substance  which  naphthalase  fomta  with  sulphuric  acid^  with  a  yiew  t/>  in- 
dustrial  purposes.  C.  G.  W, 

JTJk^a^aAXSJrs.  Syn.  NapMhaline,  NapMalin,  C"H*.  (Garden,  Thom- 
son's Annals  of  Philosophy,  xv.  74;  Faraday,  Phil.  Trflns.  1826;  Eeichenbaeh, 
Sehw.  J.  Ixi.  ITo;  IxviiL  233  ;  Dumas^  Ann.  Ch.  Fhys.  1.  182;  Dumaa  and  Stas, 
ihkl.  btixvi.  40.  Luurent,  iMd.  Ixix.  214;  R^vue  Sciontil  vi.  76.  Products  of  ita 
itxidtition :  Rc*vue  Scientif.  xiv.  660.  ChiorinaUd  and  br&miftated  dtrivativig:  Aun. 
Cb.  Phvs.  xlix.  2l«  ;  lii.  27-5  ;  R^Tue  Scientif  xi.  361;  xiL  193;  xiii.  66,579  ;  xiv.  74, 
313.  rfitrie  dirivativfs:  Ann.  Ch.  Phys,  lix.  376;  lUme  Scientif.  xiii.  67.  Sidpku- 
rie  add  derivativtt:  Bevne  Scientif.  xiii.  687.)  For  an  extended  Hat  of  memoirs  on 
naphthalene,  see  Qmdin^s  Handbook,  xiv.  1. 

History. — Naphthalene  appears  to  hare  been  first  noticed  pubHdy  by  Garden,  who 
extracteij  it  from  ths  crude  di  st  ill  at  e  from  coal  It  was  also  o  bserred  byReicbenbach 
during  hJB  researches  on  destructive  diatillntTon.  It  was  first  analysed  by  Faraday, 
who  not  only  determined  its  composition  accurately^  hut  also  arrived  at  its  true  atomic 
weip^ht.  The  most  hiboriotis  researches  upon  nap>hthulene  were  made  by  Lau  rtjnt, 
wlio  Wtts  more  or  less  engaged  in  studying  it  for  nearly  twenty  years.  Some  of  the 
earliest  and  most  decided  instances  of  substitution  of  chlorine,  &c*,  for  hydrogen  were 
discovered  in  the  course  of  Iiis  studies  of  this  hydrocarbon, 

Formaiion, — Generally  produced  when  or^nic  bodies  are  distilled  per  se  at  very 
high  temperatures.  1.  By  distilling  coal.  When  coal-tar  is  distilled^  the  naphthaleuo 
which  it  contains  is  found  to  accompany  the  liquids  which  come  over  at  almost  nil  the 
temperatures  observed.  It  is,  however,  raon*  abundant  in  the  portions  distilling  about 
216^,  Even  the  cyniene  distilling  ot  about  178°  is  often  so  contaminated  with 
naphthalene  as  to  bo  isolated  only  with  the  greatest  difficulty  and  great  losa. 
Naphthalene  is  often  retained  in  a  llnid  condition  in  a  remarkable  manner  by  the 
subslanees  which  accompany  it  in  the  erode  coal  oil.  Il  not  nnfreqnently  happens 
tliat  a  liquid  which  has  remaiiied  fluid  for  months,  even  in  cold  weather,  may  by 
repeated  treiitincnt  with  sulphuric  acid,  followed  by  refrigeration^  be  almost  entirely 
converted  into  sohd  naphthalene.  It  is  also  found  in  the  tar  of  shales  and  analogous 
subitances  accompanying  parHfBn.^2,  Alcohol  und  ether  vapour,  and  i^ven  olo^ant 
gas  and  acetic  acid  vapour,  yield  more  or  less  naphthalene  when  pasfied  through  red- 
hot  tubes. 

3.  Petroleum  and  most  essential  oils  passed  through  red-hot  tubes  also  af!e>rd  it 
(S  a u  B  su  re,  B  e  r t  h  e 1 0 1).— 4.  Camphor  vapour  passed  over  red*hot  quieklime,  yields 
naphthalene  (Fr^my).  From  the  above  considerations  it  is  not  remarkablB  that 
naphlhak'ne  should  \m  found  in  soot  and  lamp- black.  Pumas  at  one  time  iisserted 
that  naphthalene  exiHts  ready  formed  in  coal ;  this,  however,  has  been  denied  by 
Beichenhach.  Si ntje,  however,  it  is  certain  that  paraffin  exists  ready  formed  in 
Bfjghend  coal  and  certain  cannels,  it  h  to  be  dcsireHl  that  this  question  shotild  be 
detcrminiMi  more  care  fully. — 4.  Sulphide  of  carbon  vapour  miie<l  with  sulphuretted 
hydrogen,  or  a  mixture  of  these  two  with  carbonic  anhydride,  wlien  passed  over 
spongy  copper  or  iron  at  a  dull  re4-heut,  yiehla  naphthalene  and  othir  products 
(Berth  elot).    Some  chemicul  substances  containing  no  hydrogen,  such  as  the  proto- 
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■WVT  cuai- 
I  pmimiiiiii 


*j^li>?Hla  of  carboD,  CKJl\  wb«o  passed  together  with  hydrogen  tlirough  &  red-hot  Liilje 

«p1itlial<<tie.     (BertheloL) 

I'Ttparaikm. — Theauautitiesof  naphthalene  which  are  obtuincd  as  bye-produet«  fa 

I  |]ie  |Trr ^Miration  of  coal-naphtha  are  ao  large,  that  eren  if  a  use  for  it  were  dtacovf*rcd, 

^  H  would  Bcjircely  b©  necesaary  to  take  special  measares  for  it«  extraction*     It  is  often 

~  1  in  qaantitiea  (amounting  in  lonie  eases  to  tons)  in  the  tanka  in  which  ptteh-orl 

'^  cual-oil)  is  stored.     Coal-tar  from  whirh  the  lighter  oils  have  been  remornd  hy 

Dinary  distillation  ia  distilled  in  lar^  iron  fltil&.     The  distillate  is  received  in 

[  ^unehi^ona,  and  the  process  ia  carried  on  until  the  liquid  in  heavier  than  water.     The 

•  Imt  200  gnlloQS  &om  a  charge  of  7000,  contain  but  little  nuphtbalene  ;  dl  the  rest  of 

the  distillate  abounda  in  it.     To  extruct  the  naphthalene^  small  quHiititiea  of  sulphuric 

acid  may  bo  shaken  with  tbe  oil,  and  then  after  settling  for  a  «hort  time*  may  be  run 

oC     The  sopemat&Qt  oil  on  coling  to  0*^  deposits  large  quantities  of  the  naphthaleiMk, 

On  repeating  the  process  more  and  more  will  be  obtained,  until,  in  nmny  inifaneeiv 

«lfflOBt  the  wnole  will  become  aolid.      Previous  t'O  cooling  it  is  sometimes  advisable  to 

I  distil  the  oil  after  the  treatment  with  acid  and  removal  of  the  tarry  deposit.     During 

[  the  distillation  lai^  quanlitiea  of  sulphuroua  acid  are  given  off.     Where  a  difficulty  is 

I  found  in  gettii^  the  nuphthali-nt^  to  deposit,   a  treatment  with  a  little  bleaching 

powder,  after  the  acid,  and  thcu  distilling,  will  gf^nerally  cflVct  the  separation. 

Purification, — The  crude  greasy  naphthalene  obtained  as  above  may  be  drained  on 
cloth  strainen  until  most  of  the  oil  is  removed.  The  remainder  may  then  be  got  rid 
of  hy  pnrstsure  in  strong  bags,  Expofeiure  to  the  air  for  a  long  time  greatly  improTOS 
th<«  product.  The  roughly  purified  substiince  may  then  be  redistilled,  the  recetTer 
being  changed  when  the  pn:]iduct  comes  over  colourlesa.  To  obtain  it  in  luge  cz7stala 
I  it  BUiy  be  melted  in  basins  on  the  sand-bath.  Covers  of  paper  should  be  pasted  over, 
Mid  care  should  be  taken  that  the  badna  are  not  more  than  half  full.  When  the 
intents  are  melted  and  beginning  to  sublime^  the  whole  may  be  allowed  to  cool. 
When  quite  cold  a  large  quantity  of  colourless  eryatala  will  be  found  between  the  cake 
of  naphthalene  and  the  paper  cover.  They  may  be  remOTed  with  a  feather.  The 
rf^idne  may  be  pressed  to  extract  oily  impurities,  and  the  prooesa  can  be  repeated  uittii 
»lmo((t  the  whole  has  been  converted  into  crystala  (Otto).  The  methods  of  purifi. 
eation  given  can  bo  employed  on  any  scale,  from  the  largest  to  the  smallest,  without 
leftT  of  tiilure ;  it-  will  be  unnecessary  therefore  to  describe  other  methods. 
Pfoperikt. — NaphtJialene  when  pure  coQaicta  of  brilliant  white  scaly  crystals,  very 
Qtly  oaoroQS,  and  haTing  a  density  of  1^1  A3  at  18^,  and 


finable,  strongly  and  unple  ^  ,  «  « 

of  0'977d  in  a  mnlted  state  of  7^2°,  As  obtained  "by  anblimation,  the  crptals  are 
gencmlly  rhombiG  tables  of  122*^  and  78°,  the  hexagonal  form  ariaingfrom  truncation 
of  the  acute  angiea.  According  to  Laurent,  naphthalene  mAj  be  obtained  in  mono- 
clinic  prisms,  by  spontaneous  eTaporation  from  a  solution  in  ether.  According  to 
Chamberlain,  itcrystiilliseafrom  torpentine  in  prinmsha^nng  pyramidal  terminations. 
It  melu  at  79-2*^  (H.  Kopp),  Mid  boils,  according  to  the  last  observer,  at  218°  thu  baro- 
meter standing  at  760  mm.  It  subliraes  even  at  low  temperatures ;  distik  readily 
along  with  fluid  hydrocarbons,  and  c?en  ikmff  with  the  vapour  of  water.  On  water  it 
fotatea  somewhat  like  camphor.  Its  Taponr^ensity  is  4  528  according  to  D  u  m  a s,  but 
as  determiaed  by  Natanson  (in  an  apparatus  enabling  the  volume  of  vapoor  to  be 
measured  in  a  manner  analogous  to  Gay*Lnssac's  method),  the  value  4*48  was 
obtained.  Theory  for  two  rolnmes,  requires  4*43,  It  ia  insoluble  in  cold,  and  almost 
intolnble  in  boiling  water  ;  disaolTea  zwidil^  in  iUc&hol,  ft  her,  fatty  and  tiacntial  oils 
and  most  oils  obtained  by  destructiYe  distillation,  whether  hydrocarbons  or  oxidised 
bodies.  It  also  dissolves  in  acetic  and  oxttlk  {tcid§^  Ita  •olution  in  turpentine  ia  ac- 
companied by  a  fall  in  temperature. 

Deeompoxitions. — 1.  Kaphthalene  bum*  with  a  dense  smoky  flame.  (The  condensed 
loot  of  naphthalene  forms  one  of  the  varieties  of  commercial  lamp-bkck.)  When  it  is 
ptdased  over  red-hot  iime  or  haryta^  carbonate  of  caleium  or  barium  is  formed  and  hydro- 
gen ia  given  ^ — 2.  By  chlorine.  Clilorlne  acts  with  ener^  on  naphthalene,  heat 
beiSg  evolved  and  hydn^chloric  acid  formed.  The  mass  at  first  melts,  but  on  continuing 
the  stream  of  gas  it  gradually  solidifiets  again.  At  this  i^*^*  ^^^  principal  products  of 
the  reaction  are  hydrochlorate  of  chloronaphthalene,  C*»H'CLHCI  (Gerhardt's  chlo* 
ride  of  naphthalene),  and  dihydrocblonite  of  dichloronaphthalene,  C'«fl*Cl*  2HCL 
The  continued  action  of  chlorine  causes  the  subetitutiou  to  go  still  further.  The  substi- 
tution of  chlorine  for  the  hydrogen  of  naphthalene  may  be  continued  until  the  whole 
is  replaced,  and  the  compound  C'*Cl*  is  reached.  The  hydrochloric  acid  produced  by 
union  of  the  iiydrogvn  of  the  naphthalene  with  the  chlorine  is  not  given  off;  but  remaiua 
in  combiujition  with  the  chlorinated  derived  radicle;  it  may,  however,  be  removed  by 
treatment  with  alkalis  or  by  the  action  of  heat ;  the  chlorine  which  replaces  the  hydro- 
gen, on  the  other  hand,  is  unaffected  by  heat  or  alkalisr 
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LaiiTeiii*itreiitiitK  tiBstimo  ii  coiuplietited  appearance,  owing  totliectrcamcitaDcethit 
Bubstitution-priiduets  of  the  sanif  formula  maaj  be  obtained  in  fw^veml  dliffer©»t  vniys, 
tiuci  any  difit  tt'iicfl  in  tbw  iniide  of  pr**par;ition  causes  tlio  resulting  Ijodiea,  in  the 
TOiyority  of  instances,  \At  Tarj*  in  melling  pointy  cryBtallinu  form,  l)&pfln«5s»  or  other 
characters;  tbey  havu  been  (leacnbt'd  by  him  m  iftoinertc  raodiflcatiffDs,  and  indivi- 
duaiised  by  cliaracterisitic  letters.  In  Home  of  thfl  cases  died  by  Laurent,  I  here  it 
little  duubt  thai  the  variafions  in  prf^j^n  rtieiM  were  dm?  to  the  ditifien-nt  specimens  not 
l>cing  in  an  eqtially  high  state  of  parity^  but  thia  wiU  certainly  not  account  for  all  tho 
obsenr^d  differs  net ». 

3,  By  hrominf.  Bromine  acts  upon  naphthalene,  forming  numeroufl  compoim^ls  ac- 
cording to  the  manut'r  in  which  the  ingredients  are  allowi'd  to  react  on  each  other. 
The  reactitm  between  the  two  substaticea  is  energptic,  hydrobromic  acid  Ix^ing  liberated 
and  snb«Litutioneompomid*4  formed.  By  acting  with  bromine  upon  chlorinated  naphtlm- 
lene,  aabstaiicefl  may  be  obtained  havirg  the  s^ma  com|j08itioD  aa  thoM  proetiralile  by 
treating  bromvnated  naphtlialene  with  clikrine.  According  to  Lauren  t,  some  of  thei*e, 
although  baring  the  «ame  rrjHlalline  form*  differ  aecording  to  the  orderof  the  formation. 

4.  Iodine^  pkttsphoruSf  sHiphar^  chlontfe  of  carlMni,  (^anoffni,  and  hydrochltjric  adid^ 
»ro  without  action  on  ntiiiblhiilfne.  An  attempt  to  furm  the  iodide  of  a  more  hydro- 
genated  hydnx-arU^n^  by  acting  with  fuming  hydriodic  acid  on  naphthalene,  gM%*e  no 
reauJt,  although  tlic  acid  had  a  density  of  t'9  and  was  heated  with  the  naphthalene  in 
a  eealed  tub©  to  loa°  C.  (Poaaibly  at  a  higher  temperaturo  the  cjtperimeut  might  bo 
more  sttccMsful) 

b.  NUrk  acid  acts  upon  nnphthalcne.  If  moderately  strong  nitric  acid  be  added  to 
nitplithalene  and  allowed  to  net  at  ordinary  temj)er«tuix^s,  nitro -naphthalene  ia 
Bluwly  formed.  The  nitro- naphthaline  so  produced  maybe  Cunverted  intodi-nitro- 
n  aph  t  h  a  len©  by  boiling  for  a  long  time  with  strong  nitric  acid.  The  reaction  does 
not  t*ike  phtee  yary  readily,  but  a  miAture  of  nitric  acid,  Nordhausen  gulphnric  acid  and 
tiitm-iiaputhalene  yields  d)-nitro-iiaphth:ilene  readily,  if  heatf»d  lo  boiling  in  an  apparatus 
allomng  the  va^urs  to  \n5Come  condensed  and  60 w  back. 

fi.  An  oxidising  mixtore  consisting  of  acid  ckrofmite  of  potassium  with  atdphuric  or 
hydrochloric  acidx  upf^oart  to  form  two  compounds  according  to  tho  state  of  eoncentm* 
tioD,  the  tempt^rature,  or  other  circnmstanccs.  One  of  these  Bubatunces  is  *.ajd  to 
have  the  formnla  C?*H*0*,  and  to  be  of  a  beautiful  roHe  colour.  It  ftppearfi  to  luive 
feebli*  acid  propertaes.  The  other  is  said  to  contain  C"H*0*,  and  to  have  more  decided 
acid  characters.     The  subject  requirt  s  re-examination. 

7.  iVV^AJM*ric*<'tfand  €i<yrm-ri;^wbuthappf»ar  to  yield  aitro^naphthalene  and  an  oily  body, 

8.  Sulphuric  acid  forms  several  coi^ugated  acids  with  naphthalene  ^  they  will  b« 
found  described  under  tlieir  respective  beadingji^ 

Aeconling  to  Fritasch**,  naphthidone  may  be  made  to  nnite  with  /wmc  acid  atom 
to  atom,  by  disi4<ilATing  the  two  substances  in  hot  alcohol  or  benzene,  and  cooling. 

The  limits  of  this  work  will  not  admit  of  on  extended  account  of  the  vast  number 
of  substances  obtnined  by  Laurent  and  others  by  licting  upon  naphlhaUne  with  chlorine, 
bromine,  nitric  acid  and  sulphuric  acid.  We  shall,  however,  endeavour  to  give,  a»  con- 
cisely a»  po»sililt%  a  brief  statement  of  the  natur*?  and  niuthods  of  production  of  tho 
more  important  derivatires.  For  a  full  account,  the  reader  \s  referred  to  Gerhardt's 
Troiti^  iii,  p.  413,  it  ^eg.,  and  the  Ciivendiah  Society*s  translntion  of  Gmeliu's  HandUxik, 
xiw  \,  ft  j^'fq.  In  the  fijr^t- named  work  the  article  on  naphthalene  occupies  31,  and 
ID  the  second  92  ptiges. 

Chl&Hne-deriffaiieu. 

The  table  on  p.  7  Contains  a.  list  of  the  principal  chloride*  and  bromides  of  naphtha- 
lene. They  are  decomposed  by  heat  and  alwj  by  alcoholic  potaah,  hydrucliloric  or  hy* 
dfiibromic  acid  being  removed,  and  chlorinateti  or  bri:tminated  naphthalene  produced. 
The  uamps  ws  given  by  Gmebn  grnendly  accord  with  Ijaurent's  earlier  views. 

The  fullowing  table  contain^f  a  liE^t  of  tho  principal  substitution -products  derived 
from  naphthah^ne  by  the  aubbtitntion  of  chlorine  or  bromine  or  Ixith  fur  the  hydrogen 
of  najbthalcne.  They  are  for  the  most  part  produced  by  treating  the  substaucea 
giycD  in  the  table  of  chlorides  and  bromides  with  alcohutlc  potash. 

Chloro'  and  Bromo-nftphthaiencs, 


Chlorrnaphthalrue  ,  .  C**H'C1 

Bptmiomiphthdene  ,  .  C*"H'Br 

DichloTOuailUhsdene  .  .  C'*I1»C1' 

iJibromonaphthaleno  *  ,  C'*ll'Br^ 

Triehloronaphthalene  .  .  C"H*Cl' 

Tribromonaphtlndene  .  .  C'*H'Br' 

Bromodichloronaphthidcne  ,  C'*ll^BrCl- 


Telrachloronnphtlialcne         .  D*IT'C1* 
Broraotriehloronaplithalene  ,  C'*n*BrCP 
Iiibromi>dichloronaphthalfni,*  C '*H*BrCP 
Te!r3d>njmoaaphthidene         .  C'*lPBr* 
1) ibmm 0 Irichl oronaphthalene  C '"H* H r  CI' 
Hexchloronaphthah'iie  .  C'lPCl^ 

Perchloronaphthaleno  ■  C  'CM" 
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We  shall  ronsider  briefly  the  mode  of  preparation  of  each  of  the  gabstanees  enumerated 
in  the  above  lists. 

Dichloride  of  Naphthalene,  Gerhardt's  C»^>rufe()/^apA^Aafcn«,  C««HK:1«.-- 
This,  the  first  product  of  the  action  of  chlorine  on  naphthalene,  may  be  prepared 
by  passing  chlorine  orer  naphthalnne  until  the  product  has  passed  through  an  oily 
iitage  and  begins  to  become  granular.  The  operation  must  not  be  carried  so  far  as  to 
chlorinate  all  the  naphthalene.  The  mixture  is  to  be  heated  in  a  dish  for  a  long  time 
to  a  temperature  between  60^  and  60^,  then  dissolved  in  ether  and  cooled  to  —10^,  and 
the  ethereal  solution  mixed  with  alcohol  and  oil  exposed  to  the  air  until  two-fifths  of 
the  oil  hare  been  deposited :  this  oil  contains  the  oily  chloride  of  naphthalene.  The 
tbinl  fifth  may  also  be  collected ;  it  is  the  solid  chloride,  C'*H*G1\  in  a  state  of  purity. 

Dichloride  of  naphthalene  is  oily,  soluble  in  all  proportions  in  ether,  but  lees  solu- 
ble in  alcohol.  On  distillation  it  decomposes  slowly,  giving  ofif  hydrochloric  acid, 
and  yielding  chloronarhthalene,  C'*H'CL  With  aloohouo  potash  it  yields  the  last- 
named  substance  and  chloride  of  potassium. 

Dichloride  of  Bromonaphthalene,  C'*H'Br.Cl*.  Laurenfs  Subchloride  of 
Bronaphtase.  When  chlorine  is  passed  into  crude  bromonaphthalene,  it  thickens  and 
deposits  a  crystalline  matter.  Ether  is  poured  on  the  product,  and  the  mixture  is  allowed 
to  remain  for  24  hours.  The  oily  portion  is  to  be  decanted,  and  the  crystalline  powder 
washed  with  nther  and  then  dissolved  in  a  large  quantity  of  boiling  ether.  By  sponta- 
oeous  evaporation  the  chloride  of  bromonapthalene  is  deposited  in  small  rhomboidal 
tables  resembling  those  of  dichloride  of  naplithalene.  The  cnrstals  are  derived  from  an 
oblique  prism  with  a  rhombic  base  (Oerhardt,  loc.  cit).    Melts  at  165^. 

Dibromidc  of  Tribromonaphthalene.  C'*H*Br".Br*.  Suhttrondde  of  Bronaph- 
Use,  Produced,  together  with  dibromide  of  dibromonapthalene  when  dibromonaphtha- 
lene  is  treated  with  bromine.  On  boiling  the  mixture  with  ether,  tlie  dibromido 
of  tribromonaphthalene  dissolves,  and  on  spontaneous  evaporation  is  deposited  as  a  fioc- 
eolent  powder  consisting  of  white  microscopic  needles.  It  decomposes  on  distillation, 
giving  oflT  hydrobromic  acid,  a  little  bromine,  and  a  crystalline  matter  very  slightly 
•olubTe  in  ether. 

Tetrachloride  of  Naphthalene.  Gerhardt's  Bichloride  of  naphthalene, 
C^'H'.Cl^  Hydrochlorate  of  chloronaphiulese. — ^This  substance  exists  in  two  isomeric 
modifications. 

Modification  a. — When  a  rapid  current  of  chlorine  is  passed  over  naphthalene 
in  rather  large  quantity  (sa^  one  or  two  pounds)  the  naphthalene  fuses,  hydrochloric 
acid  is  disengaged,  and,  if  the  current  be  sustained,  the  whole,  after  some  time, 
begins  to  thicken  again.  The  mixture  at  this  point  contains  oily  dichloride  of  naph- 
thalene, tetrachloride  of  naphthalene  a,  the  modification  iS,  and  tetrachloride  of  chloro- 
naphthalene,  the  last  two  in  small  quantity.  Ether  is  to  be  poured  on  the  mixture  to 
render  it  more  fluid.  After  repose  for  some  hours  the  oily  portion  is  to  be  decanted  and 
the  residae  thrown  on  a  filter.  After  being  well  drained  the  residue  is  dissolved 
in  benxene  and  allowed  to  cool  very  slowly.  The  tetrachloride  soon  begins  to  crystallise 
out,  and  if  the  solution  be  tolerably  large  in  quantity  (half  a  gallon  or  a  gallon)  fine 
ihombohfHlrons  will  be  deposited.  The  writer  has  sometimes  obtained  them  nearly  a 
quarter  of  an  inch  on  the  side.  They  are  colourless,  transparent  and  exactly  resemble 
calc-spar.     They  also  possess  powerfully  the  property  of  double  refri&ction. 

This  modification  of  tetrachloride  of  naphthalene  is  inodorous,  insoluble  in  water, 
slightly  soluble  in  alcohol,  moderately  so  in  ether,  but  very  soluble  in  benzene, 
rock-oil  and  analogous  liquids.  It  melts  at  IGO^and  solidifies  to  a  crrstalline  mam  on 
cooling.  If  a  crystal  be  added  to  the  partially  fused  chloride,  the  whole  will  solidify  at 
altont  150^  in  rhombic  tablets.  On  the  other  hand,  if  the  cliloride  be  perfectly  fu^etl 
and  allowed  to  cool  without  addition,  the  mass  sometimes  solidifies  at  150^  in  rhombic 
tables,  and  sometimes  between  100°  and  110^  in  concentric  needles. 

It  is  decomposed  by  distillation,  giring  off  hydrochloric  acid  and  an  oily  matter. 
Only  a  trace  of  carlx>n  (1  or  2  per  cent.),  remains  in  the  retort.  The  distillate 
consists  of  a  mixture  nf  four  isomeric  furms  of  diehloronaphthalene.  These  products 
are  always  accompanied  by  a  small  quantity  of  undecomposed  tetrachloride  of  naphtha- 
lene. Alcoholic  potash  converts  it  into  the  two  modifications  e  and  ad  of  diehloro- 
naphthalene. 

Modification  i9.— This  variety  of  tetrachloride  of  naphthalene  is  distinguished  from 
«  by  its  solubility  in  ether.  It  is  formed,  as  already  observed,  at  the  same  time 
•■  the  modification  a  when  chlorine  is  passed  over  naphthalene.  It  is  contained 
in  the  oily  portion  rendered  more  fluid  by  ether  which  has  been  directed  to  be  poured 
off  from  the  solid  portion  which  consists  chiefly  of  a.    The  liquid  containing  ether  is 
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to  be  ccKjU'tJ  to  C  Wid  k^p^  at  that  tcmperatTirp  for  48  houri ;  tt  will  tlien  Bolidlfy  toil 
'imnt  rvHvmMing  fron'ii  olire  oiL     The  solid  portion  mny  he  coWc'Cie^  on  linen  and 
l^fbMd  from  tlie  mother-liquid  by  pressure.     The  soUtl  is  to  be  dissolved  in  eth^t  con* 
[.te&in^  ftbont  one-t^'nth  of  dcohoL     The  solution   left  to  spontaneoiM  eTaporation 
yftldjl  A  a7«ta]Une  mssn  containing  both  the  modifications.     The  masa  must  be  wall 
|>rr««pd,  diAJiolved  in  boiling  alcohol,  and  rery  slowly  cooled.     The  first  crystnln  which 
form  will  be  almost  pure  a,  tlie  rest  of  the  crops  will  be  Bocceesively  richer  in  0.     By 
rcf  eated  crystallisationa  from  ether  the  latter  nuiy  be  obtained  pure*     Its  purity  may 
bo  known  by  ita  dissoMng  rapidlr  and  without  residue  in  etner. — It  is  coburb'ss, 
ioodufoua,  very  eolubte  in  ether,  aloohol,  benzene,  and  BimilDr  hydrocarbons.     It  ci^stal- 
liaes  in  tmall  liimellie  of  indeterminable  form  which  unite  into  globes  often  of  consi- 
derable diameter.    Submitted  to  distillation  it  ^vea  off  hydrochloric  acid^  an  oil,  and 
the  modification  c  of  dichloronaphthalene.    Boded  with  alcoholic  potaah  it  jieldi  aa 
oil  and  the  modification  /  of  di^Jdoronaphthalene. 

BromotrichUride  of  Naphthalene,  C'»H*.Cl'Br. — To  prepare  this  substance. 

tetrachloride  of  naphthalene  (modtfication  0)  is  treated  with  bromine  in  a  closed  flask  for 

4R  houre;  the  mixture  washed  with  warm  alcohol  to  remove  the  excess  of  bromine  and 

nnrlecompoiied  tetrachloride;  and  the  crude  dichlorobromide  of  naphthitleno  purifieil  by 

f  eg^falalliaatitjn  from  boilinje  ether.  It  is  colourlpss,  more  soluble  in  ctJierthjin  the  modifi- 

tioD  a  of  tetmchloride  of  naphthalene,  but  lees  aoluble  tb&n  the  Tariety  0.     It  is  da- 

nposed  both  by  distillation  and  by  alcoholic  potash. 

Tetrachloride  of  Ckloronaphikalene.  Gcrbardt's  Bhklaridd  of  ekloro* 
naphthalene,  Laurent's  Chloride  vj  cAtoronafhthnse.  C'"H'CIC1\ — This  eubflAQce 
may  he  prepared  from  the  tetrachloride  of  napathalene,  and  liku  that  compound  exiati 
in  two  different  modifications,  one  being  solid  and  the  other  an  oil. 

Srtiid  modijitation,  —According  to  Gerhardt,  fhia  is  the  most  remarkable  of  all  tho 
nnphthalic  chlorides  for  the  nize  and  beauty  of  its  crystals*  It  may  be  prepared  by 
acting  with  chlorine  upon  tetrachloride  of  naphthalene,  but  the  process  is  very  difliculL 
A  mf>ri*  advantageous  plan  ia  to  be4it  the  crude  dichloride  with  chlorine  gas.  This  is 
the  fluid  portion  which  has  been  directed  to  be  rendered  more  liquid  by  ether  in  order 
to  Sf^parate  it  mon?  retidily  from  the  solid  tetrachloride  of  naphthalene  in  the  process 
for  the  preparation  of  the  modification  a  of  that  substance  (p.  8).  The  ether  is  ex> 
pelted  by  neat,  and  chlorine  passed  through  the  oil  for  two  or  three  days.  If  the  fluid 
iKKHrtnes  too  thick  to  allow  of  the  passu ge  of  the  gas,  it  must  be  gently  warmed,  A  liUlo 
rtfaor  is  then  added  to  render  the  wliole  more  fluid,  and  it  is  left  at  rest  in  a  cool  place. 
A  erystaUine  deposit  is  then  formed  pt-rfectly  resiMuLling  the  modification  a  of  tetrachlo- 
ride of  naphthalene  (G  er  ha  rdt  *s  bichloride  of  nnphthiileue.  C'*H*XU*).  The  oily  por- 
tion is  removed  by  decantation,  and  the  deposit  thrown  on  a  Alter  and  Tv-ashed  with  a 
little  ether  to  remove  the  oily  portion  which  adhert^s  to  \L  The  solid  is  then  dissolve<l 
in  boiling  ether  and  put  aside  for  several  days  in  a  flaak  with  a  wide  mouth  merely 
closed  with  a  piece  of  paper.  The  crrstals  which  form  are  sometimes  a  mixture  of 
modification  «  of  tetrachloride  of  naphthalene  and  the  tetrachloride  of  chloronaphtha- 
lene.  The  crystals  of  the  latter  arc  en«y  to  recognise  by  their  sise ;  they  must  be  picked 
ont  with  forceps  and  rediasolved  in  the  ethereal  mother-liq^uid.  Th^  may  be  rendered 
perfectly  pure  by  one  or  two  reciystallisations  from  ether. 

Proptrtus. — Colourless^  transparent^  inodorous,  insoluble  in  water,  little  soluble  in 
alcohol,  pretty  solnble  in  ether,  more  so  than  tlie  modification  a  of  tetrachloride  of 
napbthidene.  Melts  at  105°,  and  the  liquid  may  be  cooled  to  64°  without  solidifying  ; 
it  then  slowly  assumes  the  form  of  nodoles  formed  of  concentric  cones;  the  last  portions 
remain  viscid  until  they  Ml  to  the  ordinary  temperature.  But  if  after  heating  to  106** 
or  UO*^  a  email  fragment  of  a  crj-stal  be  aclded,  the  liquid  crystallises  rapidly  at  106**, 
forming  fine  obLioue  tables  with  a  rhombic  ba^e. 

,  It  is  entirely  decomposed  by  distillation,  hydrochloric  add  being  disengaged,  and 
tlM  two  modifications  a  and  d  of  terehloronaplithalene  formed, — Boiling  nitric  acid 
MBVerts  it  into  chloroxynaohthalic,  phthalie,  and  oxalic  acids,  witli  other  products. 

Liquid  modiJUation, — This  compound  is  the  oily  Bul)*tance  which  has  beeu  directed 
fo  bo  removed  by  decantation  from  the  solid  modification  afc»ove  described.  Iiistillatiirm 
converts  it  almost  entirely  into  the  rt  modification  of  trichlororonaphthalene  mixed 
with  a  small  quantity  of  an  oily  matter.— Alcoholic  potash  produces  the  same  r««ults. 

Tetrachloride  of  Dichloronaphthalene,  C'*H'CP.C1*.  Laurent's  Ptrchioro' 
tiaphthaU^e. — Tbi^  sul>stance  extj^ts  in  three  modification?,  c,  a,  and  jf  ;  they  are  pro- 
du    d  from  the  corresponding  modifications  of  dichloronaphthalene. 

Modification  c.  To  prepare  this  substance,  the  modification  c  of  dichloronaphthalene 
is  kept  in  fusion  and  treated  with  chlorine ;  no  hydrochloric  acid  is  evolved.  The  pnt- 
ducl  ih  to  be  washed  with  ether,  dissolved  in  boiling  ether,  and  cryetallised.  It  is 
colourless,  inodorous,  not  very  s-oluble  in  ether,  and  less  so  in  aleoho' ;  meltes  at  141°. 
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Tttrt*  crjsUlfl  obtained  by  opontanroa^  eraponition  of  nu  ethereal  tioliitiim  furtn  linlliant 
oblique  rhombic  priems.  It  i«  il«HN>ttipOMi'd  Ijj  distillrttiuu,  yiiddiug  liyJrochluric  acid 
»*«d  the  b  niodilieiitian  of  ti?trJichIoroiiaphthalftie  niixt'd  with  a  smuh  portion  of  the  a 
moditieation  of  tiie  banie  !iiibf»taiice,     AicoTiobc  [K>tash  gives  r'me  to  the  k  modificatioiv 

MtidtJkaCioH  a.  An  oiJy  liquid  obtained  by  Ireutiog  diehlorotiaphthaleno  a  with 
eblorine.  Difitilliitioii  aud  the  action  of  a  boiling  «olutioa  of  alcoholic  potnah  equnllj 
give  rise  to  t«ttacbloro»aphthaU*ne  a. 

M*niifieation  x.  An  oily  I'uinid  produced  by  treating  dichloroDaphthalene  x  with 
chlorine.  DistiUation  convtrta  it  into  tetntchloronapbthaieue  e.  Alcoholic  potash  give* 
a  HimUar  product. 

Titrachlorideof  Dihromctnap kthalent,  C**H*Br*,Cll  Lnnrent's  Ckloridf  pf 
Bnmaph(krS€.  When  chlorine  is  paHi$ed  into  fuRed  dibromouaphtlialeni^,  a  vpry  thick  oil 
i«*  formed,  which  on  dilution  with  ♦?ther  deposits  the  suli^tAoce  sought  in  the'form  of  a 
crir  stall ine  powder.  It  in  colourloss,  onljf  elightly  Aolable  in  alcohol  or  ether.  Melts 
^t  about  155^,  and  on  solidifj^ing  cryfitalU^ca  in  prisms.  On  diHtilUtion  it  givett  off 
bromine,  a  hjdracid,  bro  mot  rich  loronaphthalene  $,  and  tetrachloroufiphthiilfaff  a. — 
Alcoholic  potaah  tran»furnij»  it  into  a  aubstiiiice  crjataiUsing  La  neodlet^  and  Holublo  in 
ether, 

Ttirahromide  of  DiehloronapAikaiene^  C'*H'Cl'.Br*.  Laurent's  Bromid^of 
Chf/tntftaphtkase, — Prepared  bj  the  action  of  bromine  on  aii  bxcpsa  of  diahloronaphtha- 
lenec.  ColotuiMe,  veiy  dightly  soluble  in  ether,  M«k«  a  little  aljore  100*^,  turning 
rt'd  and  evolnng  bromine.  When  it  is  h<»ated  until  no  more  bromine  be  cTolved,  iho 
luodiBcutioQ  c  of  dichloronaphthaleuc  i»  rc'gpnerat«d. 

Tetrahromide  of  Bromochloronaphthalene,  C^*H*BrCLBr*.  JjinrentV 
Bromide  of  Chlor&bronaphthaM.  Prepared  by  treating  chloronaphthaJene  witli  brominew 
An  active  efferveaeMioo  ensuei,  due  to  the  diBenga^ment  of  bydrobnjmic  iM^id.  If 
th<>  bromine  in  in  exeess,  cryata!^'  of  the  IHrabromide  are  formed  on  rcfKiw,  It  ia 
purifiinl  bjr  solution  in  a  liirge  excess  of  boiling  ether.  Oo  cooling  it  is  deposited 
in  very  ohaH  lustrous  prisms.  Before  melting  it  becomes  red  and  gives  off  bromine 
and  hjdrobromic  acid.  An  oil  remaina  behind  whidi,  like  trichlorotiaphthaleoe,  solkli- 
£ifl  on  cooling  in  roctangolar  figures  CTOssed  bj  two  diagonals  briiitliag  with  needles 
parallel  to  each  other, 

Tt  trnbromidcof  D  tbromonap  htAalenif  C"H*Br*.Br*.  — Gerhardt'a  Bihromide 
of  Bi'bromfiiiaphtkalent,— Prepared  hv  pouring  bromine  over  naphthalene  or  dibromo* 
naphthalene.  It  is  umiallj  deposited  ailer  a  few  hours  iia  a  white  crystalline  powder 
which  may  be  purified  by  washing  with  nther.  It  is  but  slightly  soluble  in  boiling 
eth*»r  from  which  however  it  is  deposited  on  cooling  in  microscopic  rhombic  tables 
Bv  diutilhition  it  yields  hydrobromic  acid^  bromine,  and  tetiabmmonaphthulene, 
which  condenses  in  the  nock  of  the  retorL — It  is  decomposed  with  difficulty  by  boiling 
alcoholic  potash. 

Tetrachloride  of  Dibromoehloronapkt kahn^,  C"H»Br^.Cl*.—Produced 
by  the  action  of  chlorine  on  tetTachlortde  of  dibromon&phthalcne.  Melts  at  160°,  and 
on  cooling  crystaUisos  in  rhomboldol  tabW.  If  heated  a  little  above  its  melting 
point,  it  remains  soft  snd  transpurent  on  cooling,  and  onlj  partiiilly  solidifies,  forming 
an  Dpoque  moss  without  any  cryetiiUine  appe^arance ;  if  then  gently  heated,  it  crystal- 
lises in  rhombic  tablets.     It  ia  only  spanngly  soluble  in  ether. 

It  decomposes  on  distilLitiou,  yielding  bromine,  a  hydrHcid,  and  three  other  sub- 
st4inc<*s,  namely  Ijanrenl's  bromochloronaphtbalene  B,  a  chloride  or  ehUirobromide 
fufiible  at  1  (!(>"*,  and  a  small  quantity  of  a  suWtJiQce  which  crystiUlises  in  small  opaque 
needles,— A  boiling  solution  of  alcoholic  potash  converts  it  into  the  a  modification 
of  dibroTOotrichloronsphthftlene,  C'fl'Br^Cl*. 

Tetrahromide  of  Tribromonaphthalenf,  C'*H*Br'.Br*, — To  prepsn?  tt, 
dibromonaphthalen<Y  is  to  be  heated  with  bromine,  and  the  action  finished  in  suni^hine. 
It  may  \m  purifird  by  ciTntiiUi^Htion  from  ether.  It  is  but  slightly  eoliible  in  ether. 
Its  oth«r  properties  do  not  appear  to  huve  boen  studied.  By  dii^illation  it  yields 
beomiDe  and  a  sabstaoco  not  yet  examined. 

Chloro-  <md  BromonapkikateneM, 

Chloronaphthalenr.Q^  'H'C  L  Ijntr^n  is  Chloro  n  aphthalase.  — Prepared  by  boiling 
diehloride  of  naphtlmlf*ne  with  aleohohe  potash.  Oa  abiding  water  to  the  product  of 
the  reaction,  an  oil  t»epamtes  which  mtty  be  purified  by  diiftiUation.  It  may  also  b« 
prepared,  but  not  advuntageousl^,  by  diiftilling  dichloriile  of  naphthalene. 

It  is  oily,  colottrlc?-*,  tioluble  in  idl  proportions  in  ether;  distils  without  change;  ia 
not  attacked  by  potuHh. 

Dccom|x»sed  by  bromine  with  effervescence,  yielding  hydrobromic  acid  and  tctrabro- 
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mi^r  of  bromochr— "•    v''^^^J^o^»  C'*H*BrC"LBr*,     Chlorine  coirverts  it  into  a  p^ruliar 
,  oil  which  yji'ld^  ticaition  of  (rieWoronaphthaJejio  whon  tjvuted  with  pottwh* 

Chlurinc  Mrithivi'j  uvfrtBchloronaphthnkne  into  tri*  or  tetmehhjroiirtphtbal^^ne. 

Bromonaphthaiene,  O^H'Br. — Prepanxi  by  the  ocIiob  of  bromine  on  naphtlia- 
I  ko<*,  Avoiding  exeeaa,  which  would  caus**  the  fortnittion  of  dihroroonapbthalene*  II  i»  a 
l«t>loi|lHe0  oil  whicb  distik  without  alter&tion.  Unaltered  hy  an  alcohoHc  solutioo  of 
T^DOtSib.  Chlorin*! combine*  with  it«  jielding  dichloride  of  bromonaphthal^De,  C'" Jl'Br.Cl*. 
[  Bromine  conyertA  it  into  dibrDmonnphtbalene  and  other  brominuted  products. 

Dickloro  naphthalene^  C'"H*Cl*. — This  substance  exiMii<,  acconling  to  Laurent,  in 

lk'Vf?n  difTerent  modifications,  namely  a,  c,  ad,  f,  /,  jr,  and  y.     [The  li'tters  adopted  na 

diiftitictiTe  markabj  Laurent  hare  nfer«nce  to  certain  properties  which  the  substAnci^ 

L<uiriag  them  hare  in  eommon  ;  thiis  the  t>odie«  marked  a  are  alwavaaoft ;  the  only  ono 

liiarktfd  b  bappena  to  be  brittle  (cassant);    thote  marked  c  are  aJwaj'a  in  needlce  *«f 

113°  or  thereabootB  ;   those  mailced  e  are  in  netnilea  of  94°  and  so  on.     The  reiy»on 

I  fur  the  adoption  of  these  speciai  letters  does  not  eeem  to  have  brcn  made  pulilic] 

The  modifications  a,  c,/l  and  x^  are  obtained  by  diatilliug  tht^  alpha   modification  uf 

*  tetmcbloride  of  naphthulene;  ad  and  e  by  treating  thei  tctmohlonde  with  potash  ;  and 

I  toolher|r  by  aubniitling  dijtitrouapbtJialeue  to  the  action  of  eUorine, 

The  fuUowing  table  cjthibita  the  priucipiJ  propertii^  of  these  substances. 

Disiinetive  Charaetera  qf  the  DicMoronaphthaimes. 


«. 

*' 

ad: 

tf« 

/ 

«. 

». 

Koa«. 

Liquid. 

Nrcdlcw 

una. 

T*ble» 

muid. 

limtoK, 

MaLtittkO- 

w* 

sriaKP 

11° 

m" 

^ 

riofieoT 

wllti 
CNLrwlJIK. 

Otlf  tHra. 

rliUirida  nt 
dkcbtor<K 

utikH  li 
roinrrrirtl 
bf  » ot  i>li 
Into  tptra- 
ehliid'ona^li- 
tlial«Ba«. 

Srtlld 
rMsofdl- 

D  ebloro- 
iiaphthAUMW 

AC. 

L«iiiD»  or 

CblOftlH[)b- 

iame. 

Liquid  te. 
trachlnriilf 
of  dkhlnrn- 

whkb  i* 
convertHtbj 
poiAth  Into 
t4>tr4e)iloro- 

OApbtll«J«Ofr 

t*».HlL'CT 

«uh 
BavMiss. 

dlvhloT'i* 

c|iltiroiiiiY<b- 
Ibdlezur  n. 

DkblcirodU 
OiAlene  ft. 

A  liqiud. 

Dihromonaphtkalenet  C'*IH*Br*.—  Prepared  by  the  action  of  bromi  ne  on  naph  tha- 
li'tie  or  bromonaphthalene  ;  it  may  be  purifii^  by  crystallisation  from  alcohol.  Long 
ne«Hne«t  inodorous,  Ti^r)"^  aoluble  in  alcohol  and  in  ether.  Melts  at  69*^,  and  crystalHiiea 
on  cooling  into  a  fibrous  mass.  It  is  vobtile  witliout  decomiKjyition,  and  is  not  attacked 
by  potiiah.  Bromine  acts  on  it,  giving  rise  to  several  compounds. — Fuming  sulphuric 
acid  forma  dibromosulphonapbthalic  acid. 

Trichloronaphthatenf^  C"*fl*Cl\ — According  to  Laurent,  there  are  no  fewev 
than  9€Vtn  isomeric  modLfications  of  this  aubstanci^.  It  will  be  quite  unneoi^saty  to 
do  more  than  quote  the  table  on  page  12,  giving  thfir  [irinci[iaJ  properties. 

Tri bromonapht ha Un$,  C'R^Br'.^Ohtained  by  heating  an  excess  of  bmmine 
with  dibroiuonaphthalene.  Fine  yellow  needles.  Holts  at  6lP,  and  sometimes  does 
nut  solidify  until  ooolod  to  tljc  t4jmperature  of  the  air. 

JJromodichioronaphihalenf,  C*H*BrCl". — Several  grammes  of  the  modifi- 
cation ad  of  dichJoronaphtj^ene  are  to  t>e  mixed  in  a  ftaak  imperfwjtly  closer!, 
vrjth  a  slight  vaa^s  of  bromine.  Hydrobromie  acid  is  evolved,  .which,  with  the 
extesH  of  bromin**,  may  be  removed  by  washing  with  a  few  drops  of  alfohol  and  a 
little  nmmonia.  The  residue  ia  to  be  dissolved  in  boiHn|5  alcohol  On  cooling,  the 
liromodichlorKynaphthaltine  deposits  in  fine  needles.  The  unattacked  diehloronaphtha- 
Icuc  rem^iinn  in  the  alcoholic  solution. 

Thin  rtub»tancp  tf  colourless,  tolcnihly  soluble  in  alcohol,  very  soluble  in  el  her  :  and  of 
the  ainsistence  of  wax.   dystalliitCE  by  spontaneous  erapoiBtioo  of  its  ethertiil  solution 
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Diitinctive  characten  of  the  teven  varieUa  of  TVieUonmi^Mudate. 


.a* 

ac. 

c. 

t- 

If. 

ad. 

ae. 

FOIM. 

Slx.ilded 

pHimi  of 

120°. 

Six.  sided 

prisms, 

rhombus  of 

113°. 

Long 

needles, 

rhombus  of 

113°. 

Prisms  ter- 
minated llT 

needles. 

rhombus  of 

1100. 

L*keg 

rhombus  of 

184°. 

Silky 

needles. 

rhombus  of 

1W°. 

Needles  of 
which  the 
sectkmUa 
hexagon 
derlfcdfrom 
a  rhombus 
oflM°. 

HAEONBSa. 

Soft. 

Soft. 

Elastic. 
briUle. 

UnelasUc. 
brittle. 

UUg, 

Soft. 

MSLTtlfO- 

PoiH  r. 

75P 

66° 

78°  to  80° 

69°  to  70° 

88Oto90P 

100° 

VP 

State 

after 

FoaioN. 

Soft  rect- 
angular 
parallelo- 
gram*. 

Same  as  «. 

Transparent 

rosettes  be- 

coming 

slowly 

opaque  by 

repose. 

Trans- 
parent 
rosettes  be- 
coming 
suddenly 
opaque  on 
contact  with 
a  foreign 
subsunce. 

Needles 

molr« 
transparent 
becoming 
opaque  on 

repose. 

Transparent 
rosettes  be- 
coming 
opaqtieon 
repose. 

Soft  rect- 
angular 
parallelo- 
grams be- 
coming 
harder  after 
aUme. 

Bthm. 

Extremely 
soluble. 

soluSle. 

Soluble. 

Soluble. 

Soluble. 

SIfgbUy 
soluble. 

Less  soluble 
thao«. 

Alcohol. 

Very  slight, 
ly  soluble. 

Soluble. 

Soluble. 

Soluble. 

Soluble. 

SltghUy 
soluble. 

More  soln. 
ble  than  a. 

in  six-sided  needles  with  angles  between  120^  and  121^    Melts  abont  80^.    Distils 
without  decomposition. 

Tftrackloronaphthaiene,  C**H^C1',  exists  in  four  different  modifications. 

Distinctive  characters  of  the  Tetrachloronaphthalenes, 


«. 

b. 

r. 

k. 

Elasticity. 

Suft. 

Biittle. 

Flexible. 

Flexible. 

Form. 

Six-sided  prisms 

ofiaop. 

Oblique  prisms 

with  oblique 

base  of  103°, 

101°,  100°. 

Long  needles, 
rhombus  of  94^ 

Flat  needles. 

rhombus  of 

100°. 

McLTINO-POtltT. 

106° 

188° 

170O 

185°. 

Crystalusa- 
TioH  after 
Fusion. 

juicroBcopic 
rosettes. 

Needles. 

Needles. 

Roaettes. 

Ethei. 

Very  soluble. 

^•2.i'r'' 

''•s.sr' 

Very  slightly 
soluble. 

Napktha. 

Very  weak 
boiling  solution 
becomes  filled 

with  long 
needlas. 

Very  weak 
solution 
deposlU  sm»ll 
needles  grouped 
In  roa«ses  which 
only  fill  a  small 
portion  of  the 
liquid. 

Bromotrichloronaphthalene,  C>»H*BrCl»,  exists  in  throe  different  modifica- 
tions, o,  3,  7, 
Modification  a  is  prepared  by  the  action  of  bromine  on  the  modification  a  of  trichlo- 


NAPHTHALENE. 


foimpblliidene.  It  forms  colourli'ss  fiijc-siiled  prnmi)  with  angle*  s  U?"  30',  und  two 
»  125^.  Soft  like  wax,  Aft^r  fusir>n  it  cp^stAllisM  in  microflcopic  roMttad  between 
105**  &od  IOC®.    Volatile  without  docompoaitioii. 

Modijicatiim  fi  in  prepared  by  the  action  of  bromine  on  dtchloroDJiphthulpiie.  It  is 
lilte  the  a  modification  of  tetrucblorooapbthiklene,  exi^ept  thnt  the  crystdB  are  bettPF 
defined.  CrjHtalliAeH  in  six-eided  prismE^with  four  angles  «  120^  30'  and  two  =  119^, 
It  is  of  the  coDBisteiice  of  wax,  and  after  fusion  solidifies  At  about  100^  in  microKcopio 

hfodijieation  y  is  prepared  by  distillatioii  of  tetrachloride  of  dibromonaphthalene, 
C'H'Br'.Cl*.  bttring  the  operation  broniino  and  the  yapours  of  bydrobromic  and 
hydrochloric  acids  are  disengaged.  The  receirer  contains  a  mixture  of  trichloro- 
naphthalene  (modification  a)  and  the  y  modification  of  bromotjicbloronaphthaleiie. 
The  first  may  be  removed  by  solution  in  ether,  a  white  powder  then  remoiniag  which 
on  treatment  with  a  large  qnantity  of  boiling  ether^  di^olTeS;,  and  separates  ou  sponta- 
neous erapoiation,  in  smaU  bnlluuit  prisma. 

Oblique  prisms  with  oblique  bases,  the  angles  of  the  sides  being  102^  30;  and  the 
iDclinAtion  of  the  bnse  to  the  sides  being  101^  and  t03^.  Very  stigbtly  soluble  in  ether 
and  in  lx>iliiig  alcohol.     VolatUe  wttbont  decomposition. 

DibromodichloronaphtkaUnt^  C**H*Bi*Cl*. — There  are,  according  to  Laurent, 
two  iscimeric  modificattons,  a  aiid  ^ 

Midification  a. — Pr»pftnd  by  treating  the  Tsriety  /  of  diehloronaphthalene  with 
bromine.  Hydrobfomic  acid  is  then  disengaged,  and  in  a  few  minutes  the  fiuid 
solidifies  in  needJea»  which  are  to  be  washed  with  cold  ether  and  dissolved  in  a 
very  imall  quantity  of  hot  ether.  By  slow  evaporation  the  stibatanea  is  deposited  ta 
imall  but  brilliant  doubly  obliqae  priems;,  baring  the  angles  of  the  faces  »  101^  30' 
to  102"^  50'  and  101^  Iq\  It  melts  at  170°,  and  crystallises  on  cooling  in  fiat 
medlea. 

Modi/icolwn  p, — ^Prepared  by  treating  dibromonaphthalene  with  chlorine.  Doubly 
oblique  prisms,  melting  at  166^  and  distSlmg  without  altemtion.  Solidifies  on  cooling 
into  a  fibrous  mass^     Very  slightly  soluble  in  ether  or  boiling  alcohol 

Teirabromanapktkalenef  C**H'BrV  appears  to  exist  in  two  isomeric  modifies- 
tionn.  When  tetrabromide  of  dibromonaphUiatene  is  distilled,  hydrobromic  acid  and 
bromine  are  diiengaged,  and  a  white  matter  diatila,  which  contains  two  substances. 
To  separate  them,  Uixj  are  first  washed  with  ether  and  then  introduced  with 
mote  ether  into  a  stzong  glass  tube,  which,  aflor  being  dosped  at  the  lamp,  is  to  be 
heated  to  100^  in  a  water-bath.  On  coolitsg,  the  tube  is  to  be  opesea  and  the 
sebatances  remored.  One  crTBtallisea  in  short  brilliant  prisms,  and  the  other  in  rerj 
fine  needles.     They  muy  easily  be  separated  mechaniL*ally. 

THrabronionupbthalent'  cryiitalliseH  in  oblique  prisma  with  oblique  base.  In  all 
respects  resembling  those  of  thfi  ^modificiition  of  tetrachloronaphthalene.  Soluble  in 
alcohol  and  elher.  Thoy  dit^til  without  alteration  and  resist  the  action  of  potash. 
The  needles  are  probably  tGlmbromonaphthaiene  a;  they  are  elastic,  brittle,  and  very 
slfghLly  soluble  in  ether. 

Dihromoirickloronaphtkaient,  C'^HTBr^Cl*,— This  substance  also  exists  in 
two  isomeric  modifications^ 

ModiJieaHon  a  may  be  prepared  by  boiling  tetrachloride  of  dibromocloronaphthalene 
(C'*fl*Br*Cl.Cl*)  with  alcoholic  potash-  A  white  powder  is  obtained  wbicn  may  be 
diflsolved  in  a  very  large  quantity  of  boilin|i^  ether  or  benzene*  The  crystals  can  be 
obtained  by  (sptjutaneous  evaporation.  Brilliant  prisms  belonging  to  the  triclinio 
system.  Aftpr  fui^ion  it  crystallises  at  166*^  in  long  priims.  Volatile  without  decoui* 
position.     Uniictf'd  on  by  potash. 

Modification  0,  prepared  by  the  action  of  bromine  on  tetrachloride  of  naphthalene 
in  sunshine,  is  a  white  powder  almost  insoluble  in  ether,  fustbloi  and  crystallising  on 
eooliog  in  rectangular  parallclogranis  ctossed  by  two  diagonals. 

ffexektoronapktkalene,  C"*H*a",  is  prepared  by  the  prolonged  action  of 
chlorine,  aided  by  heat,  on  the  alpha  modification  of  tricbloronaphtlmlene.  If  the 
product  contains  perch loromiphthiilen4%  it  may  be  ptirified  by  means  of  ether,  in  which 
the  latter  subataoce  is  comparativ^^ly  insolublei 

Six-mded  priama  with  angles  of  120*^.  Of  the  consistence  of  wax,  and  may  be  bent 
withoot  difficulty.  Biasolres  in  about  20  times  iu  weight  of  ether.  S<?arccly  soluble 
in  alcohol,  but  very  sotublt}  in  benEcne.  After  fusion  it  solidifies  at  143'-'  in  microscopio 
roeettea.  Volatile  without  decomposition,  and,  like  its  congeners,  unattacked  by 
potash.  Ev**n  sulphuric  acid  dissolves  only  a  very  small  quantity.  It  is  with 
difficulty  attiiekt^l  bj  boiling  nitric  add,  whii^  however  finally  tfansforma  it  into  per- 
chloroxinaphthyl,  C'*CI»0«. 

PiTchioronaphtkaietmt  C**Cl*.— Prepared,  like  the  last  substauee,  by  the  pro* 
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bogcd  action  of  chlorine  on  ftlplia-trichlorunapbllmlctio  kept  in  fusiotK  The  li^i- 
ehlflron^phthiili^ne  may  be  PpmoTtnl  hj  ether  and  tho  pert'liloronapLtlialene  may  be 
olituinetl  from  the  n^siaoe  by  boiling  it  in  benatfine  or  petroleum. 

Pale  yellow  needlen,  or  very  brittle,  fonr^sidt^  priums,  of  which  the  tmgl&M  hit  112°  30*, 
and  67**  SiK.  Very  slightly  ©olable  in  ether,  even  on  boiling.  Vuktil©  without 
d^ooiDpositioD  and  oiiattacked  by  potash. 

In  addition  fo  tho  abore  chlorine  and  bromine  coraponnd^  Laurent  baa  described  n 
number  of  Bubstiincej!  confaining  fraetioaal  piirta  of  atoms  of  chlorine,  bromine,  mod 
hydrogen.  Many  of  ihem  »nbHt.anpe«  appear  to  be  mijctTare«j  but  others  hare  resisted 
wl  eferts  to  sepiirate  thrm  into  bodies  having  more  Batisfaetory  formulip.  It  ii* 
howeTer  obsen-able  that  the  subatancea  may  be  traced  to  tlie  parent  hydrocurbon  by 
adding  the  fnictional  atoms  trigethcr;  thus  Laurent*B  bromitU  of  bronapmhijir  i«  repre- 
sented by  the  formuhi  C'"H*^Br**Br*,  Now  sint^  h'^  ^-  2*5  =  8,  the  hydrogen  is 
all  accounted  for,  and  the  substance  would  iipjvar  to  be  tetnibromide  of  naphthale»»<% 
in  which  2'6  atoms  of  hydrogen  are  repkocd  by  25  atoms  of  bromine*  It  will  tjut  h<* 
necessary  to  do  more  than  p've  the  following  fist  of  imhstances  described  by  Lrinreot 
eontaimng  fmctional  formulte.     The  names  are  those  of  Laurent, 

Bponapbtliine C^'^H*-*Br^'* 

Bromide  of  bronaphthine       ....  C'"H*  *Br- *,Br« 

^m  Chloride  of  cliloroimpbtane    ....  C'^H'-^CP.Cl* 

^K  Chlorophtone  F     ......  C*»H**a«-* 

^m  Chbmiphthalane  A C"H*^H«-* 

^m  ChlorebTOnaphtine C»*H>*Br'*CI* 

^K  Bromide  of  chlorebronaphtin©       ,        .        .  C"H*^*Br*'*Cl« 

^K  Chlorenbronaphtone  B  .        .        •        .  C'*H*'*BrK:P-» 

^V  Bromenchlouaphtose  A  ....  C»Mi*Br"'^Cl«* 

^^  BromanclilonaphtonQ  A         .         .         .         .  C'*H**Br-^* 

|K  BromochlomiphtuiJe  B  .        .         .         ,  C-BrCl"  *H"-» 

lAurent's  vowel  system  of  nomenclature  can  only  be  applied  with  difficulty  to  such 
combinations  as  the  above. 

Cht^ronaphthalic  acid,  C'"H*C10*.  When  tetrachloride  of  chloronaphthaTone 
18  boiled  with  nitric  acid,  and  ether  poured  on  the  oily  product,  cldoride  of  chloroxy- 
nnphthalene  is  precipitated,  and  may  then  be  boiled  with  silcoholic  potash  in  whieh  it 
is  completely  Boluhle.  On  diluting  with  a  email  quantity  ctf  water  and  neutralifiing 
with  an  acid,  chloronaphthalic  acid  CTystallises  out  on  cooling  (Laurent),  Aceoi\i- 
ing  to  Wolff  and  Streeker,  this  process,  instead  of  jnelding  the  ordiniiry  yellow  biirium- 
sale,  sometimes  give^i  a  purple-red  salt,  possibly  of  a  more  highly  chlorinated  chlonj- 
naphthalic  acid. 

The  acid  formB  long,  yeEow,  transparent  needles,  unaffected  by  exposure  to  the  air. 
Melta  about  200**,  and  on  cooling  cryst^illises  in  lamin^ie.  Distils  without  dccomptrtjition. 
Has  the  same  formula  as  chlori-^aUzarin, ^Nitric  acid  converts  it  into  phthulie  and 
oxalic  acids. — It  is  not  reduced  to  aliz^arin  by  potafisium -amalgam  or  by  tho  voltaic  battery. 

Chhrmiaph thaiaU  of  ammoniu m  forms  radiated  en mson  n ecdJea*  The  poia^um-saH 
forms  carmine  coloured  needjes,  containing  wht-n  dried  at  100*^,  1807  percent.  K'O.  The 
barium-sail,  C"H*ClB4iO',  prepared  by  precipitating  a  solution  of  the  ammonium-jsalt 
with  chloride  of  barium,  crystiiUiBeB  in  orange-coloured  bi Iky  needles.  The  stron It tim- 
saU  forms  orange-yt^Uow  needles;  the  ca/ei if tn -#«/£,  orange-coloured  nesedles.  The 
aiuminium-sali  is  an  orange-coloured  precipitate  ;  the  cadmium-italt  is  a  vermillion- 
coloured  precipitate  which  under  the  mioposeop  appesirs  in  cruciform  crystals;  the 
rtjbfiU-iialt^  a  crimson  precipitate  becoming  brown  on  drying,  vermill ion-coloured 
under  the  burnisher.  The  €i.ipptr-»aU  is  a  crystiJline  crimson -coloured  precipi- 
tate;  file /erriV  and /fTr£>tw  aalt»  are  brown  precipitates;  the  lemf-^ait  a  gelatinous 
orange-red  precipitate;  the  siIiiiT-»aft  a  gelatix^ons  bloo<l-re*l  precipitate.  When  pre- 
pared with  heat,  it  forma  a  carmine-coloured  crystalline  precipitate.  Mercnry-salU.  Wit  h 
solution  of  corrosive  ^uEdimate,  a  solution  of  chloronaphthalate  of  ammouium  gives  a 
reddish-brown  precipitate. 

Chloronaphthaiic  acid  almost  rival**  turmeric  and  litmus  in  its  sensibility  to  th» 
presence  of  alkalis.  Paper  ettiined  with  an  alijoholic  solution  (very  dilute),  if  exposed  to 
ammooiacal  vapours,  instantly  aaaumes  a  more  or  less  deep  red  colour. 

^'itro'Compoundx  of  Naphthahfit, 

Nitronaphthalenf.C^ ""H ^N0»  Prcpa ra ihm , — By  fii r  the  most  convenient  method 
of  preparing  nitrounphtbalenf^  in  to  expose  naphthalene  to  the  prolonged  action  of  cold 
nitric  acid  of  modersite  strength.     For  this  purpose  the  hydrocarbon  in  suliII  pieces  or 
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crysUlt  11  to  be  placf^  on  the  lurfuee  of  tiitric  iirid,  of  specific  ginTitj  1  *33.  Ltirgo  »hal» 
low  erBjKiir&tiiig  hunna  ato  the  most  suititblo  rcsKcb  for  tlip  {Mifpotei.  Six  pts,  nitne 
•cid  will  tviffice  to  conTeit  1  pt*  of  nn^>httyUf ne.  After  fxpoiuw  iot  Home  time,  it  will 
Iw  found  UiMt  the  naphthak'se  hmi  fut^l  into  a  cak&.  It  muj  th^o  be  cut  with  it  pi^ee 
of  vlieet  gUs0  or  a  platinum  kolfi'  into  small  piec«0  which,  itftn*  draining  on  a  funnel, 
^jnuj  be  broken  up  id  m  mortar  am]  retoruKl  to  the  lund.  This  is  to  berppeaied  ba  oftfn 
lithrimm^nrfimnernlrrfl  about  a  wek  being  r<>qutred  to  compUHe  the  proce««  No  red 
TUpoiin  of  ao^  consequMice  are  evolvwi,  and  there  are  no  secondary  produelB  formed. 
When  the  action  i«  eotnpletpd^  the  product  is  to  be  broken  Btnall  and  arained  on  a  fun- 
ttrl  antil  no  more  acid  liquor  falls.  It  may  then  be  washed  with  cold  water.  The  final 
puriHcntion  may  be  effect^xl  byopo  or  two  Cj*Y<stalliHat4ona  from  boiling  methylated  spirit. 
By  thift  proce^i  ert-n  hundredweight*  may  W  pr*"par«l  with  the  greatest  ease. 

i*jrvp*Tii£t.--P*le  yellow  prictaAtio  needles  derived  from  prisms  of  100°  and  80**,  iho 
Atnite  Angles  bt^ing  trancated.  Melts  at  43",  the  t^mporaturi?  rifling  to  54^  at  the  mo- 
ment of  solidification.  Voktilisef  Almoat  without  dei:^ropoi}ition,  if  carefully  heated. 
If  tb«  heat  bo  applied  rapidly,  it  deoompo«es  with  ignition  and  deposition  of  carbon. 

DfCompoMttiona.-^l,  Ftrroita  acetate  reducea  it  to  naphthylrtmine^  as  alao  does  Ji*f- 
pkide  of  ammonium  (see  KAPHTHTi^itiNK)- — 2.  SuJphitt  />/  ammtmium  converts  it 
into  naphthionic  and  thiouaphthaniicacids.— 3.  He«ted  with  7  or  8  times  its  weight  of 
hydraU  of  caieinm or harium,  it  yii*IdB  Laurent's  naphlase,^ — 4.  Chhrinr  aitlcd  by  htat 
eoDTerta  it  into  an  oil  which,  when  treutf  d  with  potfiinh,  yields  the  a  modlficatioti  of  tri- 
chloronAphthttlene,  or  sometimes  tetrachloPJnaphthiil**ne. — 6,  Bromine  aided  by  heat 
jiolda  bydrobroraie  acid  and  dibromonnphtbalene. — 6,  Fumivq  ttulphuric  add  cGnrerts 
It  into  nitroaulphonapbthalic  actd.^ — 7*  neated  in  a  water^batn  with  a  part  of  2  pta. 
kydraie  potoMium  and  1  pt.  fresh  hifdraU  af  calcium^  aa  litil«  water  as  possible  being 
nsed^  it  decompoaes  completely,  yielding  the  potassiumHUtlt  of  nitrophthalic  acid.— « 
6.  AVlien  it  is  heated  in  a  retort  with  hydrate  of  pottuaium  and  ahiked  lime  to  a  tempe- 
rs tn  re  of  U<>^,  and  oxygen  passed  OTcr  it,  the  gas  is  slowly  absorbed  and  the  mixture 
becomes  yellow.  The  operatioa  tnkes  ten  or  twelve  hours,  at  the  end  of  which  time 
the  oxidation  of  the  nitronuphthalene  is  almo>Bt  complete.  The  aJkalis  hare  then 
entered  into  union  with  a  substance  which  Dusart  ralhj  nitroxynapbthalic  acid,    (.Seo 

Km0XTlCA.t>&THALtC  ActB.) 

Pinitronapkthalene^  C^*H*N*0*.^Naphthalene  or  nitronaphthalene  ma^  bo 
eoDTertt^d  into  thli  compound  by  long  boiling  with  nitric  acid.  The  operation  is  to 
be  continued  until  the  oily  layer  solidifteis  entirely  on  cooling,  the  product  being 
washed  on  a  glass  funnel  witli  water,  and  crystallised  from  ider»hol.  It  forms  vory 
small  needlea  which  crj'stalli«ie  from  a  solntion  in  nitric  acid  in  rhombic  prisma  of  67'' 
and  113**.  Melta  at  l&d'^t  and  may  bo  sublimed  in  small  needles,  Wb*^n  suddejdy 
heated,  if  decomposes  riolentl^,  with  ignition  and  deponitien  of  carbon.  Bj  pralongrd 
boiling  it  is  converted  into  tnnitronaphthalene.  Cmorine  pnxiuces  di*  and  trichloro^ 
naphthaletie*  Sulphide  of  amnumittm  converts  it  into  seminapbthylaraine.  A  frebly 
amroooiacal  boiling  solution  is  reduced  by  sulphide  of  hydrogen  to  ninaphthybtuiiie 
(Wood),  Ita  alcoholic  solution  is  converted  into  nitrosonaphthylin  in  contact  with 
rinc  and  kydrochlorie  acid.     (  P  e  r  k  i  n  and  C  h  u  r  c  h. ) 

TrinitronaphthaUne^  C '•H WO*, — This  compo und  exista  in  three  forms,  o,  3 
and  7, 

Modification  «t — When  naphthalene  is  boiled  for  a  day  or  two  with  strong  nitric  acid, 
coloarle«s  crystals  are  formea  which  are  a  mixture  of  dinitioaaphthalene  and  triuitro- 
naplif halene,  a  and  $.  Tlie  dinitronaphLhalene  and  a  substance  called  by  Lanreot  nifro' 
naphihalrise  may  be  rf'moved  by  ether.  The  residue  is  to  be  boiled  with  only  enough 
alcohol  to  dissolve  half  of  it.  By  spontaneous  evaporation  the  trinitTonapbthalt^ri*'  a 
will  be  obtained  mixed  with  needles  which  may  bo  remo%'ed  by  agitating  the  liquid  and 
pouring  off  the  suf*pended  crystals. 

Rhombic  tablets,  nalo  yellow,  inodnpona  and  only  very  sli|L?htIy  soluble  in  boiling 
alcohol.  Volatile  withoot  docompusitiun  when  carefully  heated,  but  deeom posing  with 
riolenco  when  heated  rapidly.  Melts  at  210°,  and  solidifies  into  a  fibrous  mass  an 
cooling. 

Chlorine  first  turns  it  red  and  then  decomposes  it  Alcoholic  potash  in  solution  eroltf^ 
ammonia,  yielding  a  red  solutfon  fn:im  which  acids  precipitated  brown  or  black  flocks, 

Modijieatiim  fl, — The  residues  tjf  the  preparation  of  modification  a  are  to  bt-  mixed, 
and  boiled  with  nitric  acid  for  6  or  6  days.  On  cooling  needles  are  obtained  which  are 
to  be  washed  firnt  with  nitric  acid,  then  with  water,  and  finally  with  alcohol  They  are 
colunrleas  at  flrat,  but  bc^come  yillow  by  exposure;  melt  at  215*^ ;  decompose  with 
ignition  whfu  heated  in  clo^  Teasels  ;  Vcrj  slightly  soluble  in  boiling  alcohol  or  elher, 
less  so  in  fact  than  any  other  of  the  nitronaphthalenea. 

Boiling  alcoholic  potash  turns  the  compound  orange *red  at  fijort,  tlien  brown.    Acida 
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p*eetpttAte  from  the  hHvuIiiiq  BohitioQ  a  brown  Bubi^tance.  Boiling  nitric  acid  decom- 
poses it  according  to  Ltiurt-nt,  which  ia  stroage,  ooiisidi*ring  its  mod^  of  fonniitiua. 

Modijwation  %  called  also  Mari^ad's  Trinitronaphthnleni.  Thii  substancefOiJt<titi2tt« 
the  chief  part  of  the  iosalDblo  residue  remaiDing  when  diiiitronnphthniene  ia  pre- 
pared by  boiling  naphthalonp  with  nitric  acid  without  the  aid  of  fuming  sulphuric  acid. 
ThiM  residue  i»  to  bo  washed  with  water  and  eitraiCtcid  by  cold  ether  which  dissolrea 
Iht?  tri nitron flphthaleno  7,  and  yieldn  it  on  evaponition  aa  rd  aillii»8ive  reHinoae  masa. 

It  is  p(de  yellaw,  ciystallisca  in  a  pulrtTulfnt  form  from  a  solution  in  boUIng  alcohob 
Melt*  below  100^»  Almf>st  iuKolublo  in  boiling  ether,  and  only  sparingly  Moluble  in 
lx)illng  JLloohoL  Whf^n  car«Mly  heati^  it  aubU nu^a,  but  if  the  heat  b*  applied  rapidly 
it  decompottei  with  explDniou.  SolutioiLBof  the  cauittic  and  carbonated  alkidtff  dissolve 
it  with  a  €ne  red  colour,  the  solution  gradually  becoming  black.  From  the  alkaline 
Bolutioo  acida  precipitate  brown  flocks,  having,  according  to  Marignae,  the  formula 

Laurent  has  descriljed  several  other  oompounda  derived  from  the  nitron aphthalenes 
by  subatitution  of  one  or  more  atoms  of  hydrogen  by  bromine  and  chlorine  ;  they  are 
not  however  of  any  very  apecial  iutereat. 

Sulphuric  derivatives  of  yaphthal^ne. 
For  the  numerous  products  of  the  action  of  sulphuric  acid  upon  naphthalene,  act 

SuifUOMaFHTIlAUC  ACID. 

Products  of  oxidation  0/ NaphthtUcne, 

The  following  producta  of  oxidation  of  naphthalene  will  be  found  tmder  their  pro* 
per  headings,  Nii-STHAULSX,  Nafhthesic  Acid,  K^PHTHiTLMUf. 

Uses  of  Naphthnkne. 

The  enonnous  quantitiea  of  naphthalene  which  are  produced  during  the  distillation 
of  coal-tar  are  seldom  or  never  extracted  from  the  'pitch  oil/  Great  efforte  have 
been  made  to  find  a  use  for  it,  but  none  have  been  entirely  8ucce.a6ful.  Lamp  black 
ia  sometimea  prepared  by  condeuaing  the  den  at'  srnoke  wliich  burning  naphthalene 
eTolrea, 

A  French  sitrgeon,  M.  Emery,  has  employed  naphthalene  in  the  treatment  of  certain 
skin  dtseaaca.  He  tried  it  on  fourteen  patients  in  the  hospital  of  St.  Louis,  and 
twelve  were  cured.  In  the  two  caaea  which  failed  one  was  a  woman  30  years  of  age^ 
who  had  been  afflicted  for  eight  yeara  with  psoriasis  gyrata  ;  the  other  was  a  yoting 
man  who  had  suflFered  for  eight  years  with  l4:pra  vtttgtaris.  The  latter  case  was  cured 
by  a  two  montha*  course  of  pitch  ointment.  The  mode  in  which  M.  Emery  applied  the 
naphthaleno  was  in  the  form  of  ointtnent  in  the  ijtrt'ngtli  of  5»«  to  5i  of  lard.  The  in- 
flammation which  aometimoB  Buper\'enca  mnwt  bo  combated  by  poultices. 

Great  eflbrta  have  also  been  mr^de  to  produce  fast  colours  ftnm  naphthalene,  but  up 
to  the  present  time  the  reaulta  have  not  been  aucceasfuL  Tht?re  is  no  doubt  whatfv*^ 
that  in  a  few  years,  perhaps  in  a  few  montha,  the  diificulties  in  the  way  of  utiliaing 
naphthalene  wiU  be  overcome. 

The  action  of  reducing  agentSi  auch  aa  line  and  hydrochloric  acid,  upon  dinitronaph- 
thalene  gives  rise  to  nitfoaouaphthylln,  &  beautiful  colouring  matter.  The  aame  com- 
pound  also  affords  colours  when  healed  withatannoua  chloride  and  cyanide  of  potaasium. 
The  doae  relations  which  appear  to  exist  between  the  formuhc  of  alizunn  and  some  of 
the  derivatiTea  of  naphthalene  have  lon^  led  to  a  hope  of  the  artifleial  formation  of 
the  former  substance*  Indeed  M.  Ronssin,  by  reducing  dinitrt^naphthalene  with  sul- 
phuric acid  and  dnc,  produced  a  colouring  matter  which  was  for  some  time  considered 
to  be  aliztirio  ;  6ub-^uent  researches  however  showed  that  the  conclnsions  which  had 
been  lormed  regarding  M.  Kouasin'a  gubstajice  were  too  basfy.  In  fact  naphthazartn 
yields  only  sombre  shades,  which  have  not  beeu  found  of  industrial  importance. 

The  bejiutiful  substance  obtained  by  MeB^rs,  Perkiu  and  Church  by  acting  upon  a 
salt  of  naphthylamine  with  nitrite  of  potassium,  and  to  which  they  have  given  the  name 
of  a»odinaphthyldiamine  (see  Naphthtlamikk),  yields  superb-coloured  derivatives,  aome 
of  which  can  easily  be  applied  to  tissues  ;  they  have  not  yet  however  been  successfully 
fixed,  C.  G.  W. 


3fAPHTfiJlLZ.2ir, 
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/    Syn.  with  NAPHTHAiBHE, 

ITAPSTIUtXiO-CTA^n'XC  and  »^AFBTBil^O-S17I>PB0CTAirZC  JIC13IS. 

Syn.  with  Cyanatb  and  SrLPtKJCYANATg  of  Naphtmyl  (p.  19). 

WAPSTHAMEXIini,     Syn.  with  OxvKArETiiYLAMiNE. 


NAPIITIIKSIC  ACiD_NAPHTHIONIC  ACID. 
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ITAVSTSZSXC  J^cm.  CP*IfC^.  Prfpnrftfirm. — According  to  LniirPiit,  irUrn 
napblhaJrnr  in  tmilfd  with  acid  rhromate  of  potJisBiuni,  water,  and  sulphuric  add, 
•  riolcnt  wachon  tukrs  pliiw  iind  niiphth^Bie  tkcid  (and  Njnu'tltncs  a  ras^-eoloared 
fiubetADc^,  carminapAfAoHe  Q*IP(J^  7)  i«  fo^n<^d.  The  iiuif^,  after  the  wactioti  ia  otir, 
is  to  be  troAt«d  wiA  wiitet  and  tUrowti  on  »  filter.  The  soluttoo^  after  the  lapse  of  a 
<-oii0idenible  time  (two  moothti),  deposits  cmtals  of  chrome-almn,  which  id  time  become 
covered  with  white  warty  granules.  The  latter  art'  to  bo  dissolved  in  Hleohol,  and  Uie 
aolutiou  after  filLmtioD  la  to  be  eYaporatedf  when  tlic  naphthetic  add  will  it^main  as  a 
oyitalliDe  nia««. 

Prifptrtie*^ — Rbotnbic  need  lea  of  58^  and  122^.  Melts  below  100**  and  may  be 
poblimed  at  a  higher  temperature,     Solsble  in  alcohol,  almost  iniioluble  in  water. 

WA7BTKXOVSC  ACXS.  C'*H^.SO'.  Sulphonaphthalidamk  add.  (Pirio, 
AtJO.  Chim,  l"li_v*.  [3]  xxxi,  217;  Gm.  xiv,  110;  Gerh.  iil  469.) 

Ih-eparation. — One  part  of  nitrouaphthak'ne,  after  being  waJihcd  \Tith  water  until 
the  mtric  acid  used  in  its  prepnration  is  removed*  is  wsirraed  witJi  6  parts  of  alcohol 
until  dissolved;  and  5  ports  of  solution  of  stilphitt^  of  ammonium^  Epecific  gravity 
1-24,  are  added.  The  mixture,  if  krpt  geully  boiling,  deposits  iicid  sulphite  of 
ammonium,  and  acquire©  an  t^ii  rcjiction.  Carbonate  of  ammonium  in  powder  i« 
then  to  b&  added  until  the  acid  reaction  disappears.  Alter  boiling  a  short  timo 
the  acid  reaction  again  becomes  apparent,  and  must  be  destroyed  as  before.  The 
boiling  is  continued  until  no  turbidity  ia  observed  on  adding  a  drop  of  the  liquid 
to  water.  The  liquid  forms  two  straLi,  the  upper  eoataining  tliionaphthamato  and 
naphthionate  of  ammonium,  and  ihu  lower  Rilplute  and  sulphate.  The  upper  layer 
is  to  be  Beparated  and  crnpomteti  over  a  lamp  to  an  ody  consistence  and  then  put 
aside.  After  some  limo  it  Itecomes  converted  into  a  mass  of  orange-yellow  crjfrtals  of 
thioiiAphthamate  of  ammcaium.  The  mother-liquid,  which  contnliis  the  naphthioiuite 
of  aramonium^  is  heated  to  lOC^ond  mixed  with  hydrochloric  ucid»  which  precipit4ites 
the  naphtliionic  acid,  it  is  now  to  be  washed  with  water  and  with  alcohol,  until  the  liquids 
come  away  colourless.  The  naphthionate  of  ammonium  is  then  to  be  converted  into 
a  ealcium'or  sodium-iialt^  which  may  bo  purified  by  repeated  crj^stallisaitions  ;  and,  when 
it  has  become  co]oiirleM«,  it  is  once  more  dissolved  in  water  and  precipitated  by  a 
slight  excess  of  bydrocliloric  add.  The  add  thus  precipitated  is  washed  with  water 
and  then  with  alcohoL  As  moist  naphth ionic  add  is  easily  altered  by  contact  with 
air,  it  is  necc&sury  that  tho  water  usca  for  washing  it  be  freed  from  air  by  prolonged 
ebuUitios. 

Propo'/w'*,— As  precipitated  from  A  warm  solution,  naphtbionic  u6d  forms  small 
I ight  colourless  crystals  pe*fr-^  '  ■  'f^s-tos.  It  is  tasteless  and  inodorou§  ;  redden^ 
litmus  paper.      It  is  only  JtlL  1^^  in  water,  2000  nnrts  of  the  Utter  dissolvitig 

only  1  part  at  ordinary  teiu^  It  is  only  slightly  soluble  in  alcohol,      ft 

completely  saturates  alkalb,  but  its  sails  with  heavy  metals  hnve  an  acid  reaction.  It 
evolves  acetic  acid  from  acetates  even  at  ordinary  tempemtiu^s.  The  crystals  aA» 
rendered  aabydrons  by  a  tcmrcmlare  of  100'*. 

Dwampofiiions.^l,  HcateJon  platinum,  it  burns  and  evolves  sulphurous  acid,  giving 
df  an  imhimmAble  Tapour  having  an  odour  recalling  that  of  bitter  almonds ;  it  leaves  a 
large  carbotmceousi  residue. — ^2,  Moist  naphtJiionic  acid  is  decomposed  by  ex|>OvSure  to 
the  atf. — 3.  It  IS  not  decomposed  by  boiling  with  concentrated  hydrochloric  a^id. 
— 4.  Concentrated  sulphuric  acid  dissolves  it  with  the  aid  of  heat.  The  solution  14 
fnuisparent  and  colourless;  it  may  be  heated  to  nearly  200"^  without  decomposition^ but 
about  220^  it  begins  to  blacken  and  give  off  tttpours  of  sulphuric  acid,«^5.  Con- 
rentmti'd  solution  of  hydrate  of  sodtvm  docs  not  attack  it. — 6.  Dilute  nitric  acid  is 
without  action  on  it,  but  when  c  -     *    ^   efpecially  if  it  contains  nf'  '.  it 

converta  it  into  a  brown  rcsin^^T  i  «**ed  into  n  solution  of  a  ite 

turns  it  brown  and  precipitates  a  r^..  ali^tancc.^ — 8,  Arid  chromatr   j  .um 

aided  by  heat  acts  like  chlorine.  The  presence  of  sulphuric  add  nccclrnit^v  tue  decern- 
pcksitiott. 

Salts  op  KAnrriuoicir  Acin.^Tiie  nnplithionates  arc  all  soluble,  and  crystallipe  easily 
from  a  solution  la  weak  nlcuhol  8<.dutn»tis  of  nnphthioiiwles  are  opalescent,  and  when 
vii  wed  ut  different  angles  tran«nii  beautiful  red,  blue  and  violet  colours,  Kxcfsaively 
wcuk  solutions  produce  these  effects,  a  solution  of  naphthionate  of soflium  containing  cnly 

^      of  salt  being  capable  of  showing  the  phenomenon. 

Thi»  aqueous  solutions  of  the  napbthionates  of  the  alkali-metals  are  not  predpitated 
by  «cf/ic  acid  even  when  heated  ;  but  the  alcoholic  solutions  treated  with  acetic  acid 
yield  a  small  precipitate  of  naphtbionic  acid. — Ftrriv  chli/ride  added  to  a  solution  of 
nriphthionale  of  KO<iium,  gives  an  iibuudant  brick-red  precipitate  which  turns  brown 
when  hwitini.— P/a^/«/c  chloride  gives  n  yellow  procipit^ite, —iViVmir  of  »ilwr  gi\e3  n. 

V.ij.  IV.  c 
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L  wliitn  ciyetJiUme  pre^pitnti^.     IVichhndt'  of  gdd  turns  tUe  RoIijti<ni  of  nuplitbianate  of 
I  Bodiam  purplo,  und  gires  a  prmpitat«  of  metallic  gold — Mereuric  ehSaride  ^oj^  « 
white  precipitate. — SulphaU  (^  copper  tiirna  tlio  solatton  yellow,  but  gtv^a  no  pre- 
eipitdte. 

^aphthumaU  of  Ammonium, — Very  solubla  m  wati?r  and  ftlcohpt ;  crystaUisos  witli 
diffL'uUy, 

ifuphthumaif  of  Barium.—This  oompoand  i»  best  prepared  by  doable  dtHXimpoaition 
of  ft  MllltioD  of  naplithionate  of  »odiam  with  cliloride  of  hurium ;  for  this  pttrpoM^ 
2  pttrts  of  niipIithioBatc  of  sodium  and  1  part  of  chloride  of  barinm  art*  to  bo  disaolreil 
in  10  parts  of  boiling  water*  The  Daphthionate  of  barium  cryHtalliaca  out  on  cool- 
ing, and  may  bo  rendered  perfectly  pure  by  two  recrj'HtaOiBation*  from  boiling 
water. 

Two  different  kinda  of  cryBtaL;  of  this  salt  may  be  prepared  bj  ri^^lating  the 
temperature  at  which  the  solution  cryBtallu^a.  If  a  Braall  quantity  of  Uqntd  b« 
r  ctrnployed,  micaceoua  lamiiiae  form  iu  the  fluid  whilo  still  warm.  The  crystals  so  formed 
I'llJiTe  a  slightly  violet  tint.  If  the  fiolution^  on  the  o\h{*r  hand,  is  more  dilute, 
I  It  does  not  begin  to  crystallise  unlil  after  oomplcto  cooling ;  the  salt  then  aitsumes 
I  tbe  form  of  large  transparent  rhombohedral  laminfE.  It  is  moderately  soluble  in 
water. 

Nafhthiomte  of  CakiuTn,  C"H*CaN.SO". 411-0. —When  crude  njiphfb ionic  aeid  is 
boiled  with  milk  of  lime,  the  filtered  solotion  eTaporuted  orer  the  water-bath,  and 
then  lefl  at  rest,  bulky  reddish  cry fttaha  are  deposited  which  may  be  purified  by  washing 
on  a  funnel  with  coU  alcohol,  whioh^  dissolves  resinous  impurities.  The  salt  thus 
partially  purified  is  to  be  dissolted  in  boiling  wat^r,  decolorised  by  animal  charcoal 
and  set  aside  to  crystallise.  It  crystallises  m  whit«  semi-transparent  laminae  having 
ft  fatty  appearance.  Individual  crystals  appear  colonrlesa^  but  when  seen  in  masses 
f  hey  possess  u  very  beautiful  rosy  tint.  Very  eoluhlo  in  water,  almost  insoluble  in 
alcohoL  It  has  no  action  on  vegetable  colouring  mattem, 
r  Naphthianaif  of  Lend,  C'*H*PbNSO*»H*0,  prepared  by  doubI<*  decomposition  of  a 
}  aolntion  of  naphthionate  of  sodium  with  nitrate  of  lead,^ — Forms  short  reddish  needleft. 
idlgbtiy  soluble  in  water,  but  insoluble  in  KlcohoL  Reddens  litmus.  It  is  altered 
tigr  IwiliDg  with  water,  the  solution  becoming  red  and  gradually  losing  its  power  of 
ciystaUising, 

Naphihionate  of  MapntMum^  C'lPMgNSO'. — Easily  obtained  by  boiling  for  about; 
two  hours  a  mixture  of  2  pts.  of  crude  naphthionie  acid  and  I  pt.  of  carbonate  of 
magnesium  with  water.  The  solution  is  to  be  filtered  and  set  aside  to  crystaUtse. 
It  is  to  be  purified  by  recrj'stalHsation  from  weak  alcohol.  If  the  solution  be  conces- 
L  tratdd,  the  resulting  salt  will  contain  4  atoms  of  water  of  czystalHsalion  \  but  if  tho 
>  Snother-Uquor  be  allowed  to  evaporate  spontaneously  en  VQC%u>t  the  cry  slabs  will  contain 
6  atoms  of  water. 

h'aphthionaU  of  Potassium,  C'"H*KNSO'.^Tbis  salt  is  anhydrous,  rery  soluble  in 
water  and  alcohol,  but  sparingly  soluble  in  tlie  same  liquids  when  hydrate  of  potassium 
is  pFMCot  It  is  easily  obtaint^d  by  dissolving  crude  nftphfhionjc  add  in  a  boiling  con- 
eentratod  solution  of  hydrate  of  potassium.  It  crystallisos  out  on  cooling  in  small 
micaceous  lamini]?. 

Haphihiontiie  of  SUvrr,  C^'H'AgNSO'.H^O,  obtained  by  decomposing  a  perfectly 

aeutrai  solution  of  nitrate  of  silver  with  a  solution  of  naphthionato  of  sodium,  is  a  white 

I  OUfdy  powder*  sometimes  becoming  converted  into  dense  crystalline  grains  with  an 

I  Adamantine  lustre.     Little  soluble  in  cold  water,  more  so  in  hot*     Becomes  grey  on 

[  exposure  to  light. 

Ammmiacal  Tiaphlkionate  of  Silvtr,  C'»H»AgSO",2NHl2H»0,  is  doposit4>d  in  whit© 
crystalliiie  geains,  on  treating  a  hot  solution  of  the  last-described  salt  with  ammoni:^ 
and  leaving  the  liquid  to  cooL     It  is  but  slightly  acted  upon  by  light. 

Naphthiomite  of  Sodium,  C'«H*NaNS0*.4llH>.--Thi8  salt  may  be  prt'pitred  by  dis- 
solving crude  naphthionie  iieid  in  hot  alcohol,  with  addition  of  powdered  carbonate  of 
sodium.  The  boiling  solution,  aft<>r  filtmtlon  and  repose,  yields  fine  nearly  oolourlee^s 
prisms  of  the  salt.  It  moj  be  purified  by  being  rt^dueed  Ut  puwder  and  washed  on  a 
ninncl  with  a  concentrated  alcoholic  solution  of  liydrate  of  sodium;  afl^r  this  it  must 
be  dissolved  in  alcohol^  and  decolorised  by  animal  charcoal.  After  the  latter  treatment 
it  will  be  necessary  to  reerystallise  it  several  times. — The  salt  forms  fine  prisma  be* 
longing  to  the  monoclinic  system,  very  slightly  soluble  in  alkalino  liquids,  and  readily 
soluble  in  water  and  alcohol,  insoluble  in  ether.  When  in  masses  tbe  crystals  always 
appear  yellow.  The  crystals  are  at  first  insipid,  but  afterwards  yield  a  sweet  persistent 
||Bste.  The  salt  serves  for  the  prepamtion  of  several  of  the  naphthionatt-s  by  donbto 
decomposition. — When  heated,  it  yields  a  residue  of  sulphatfi  and  much  carbon.— It  is 
not  changed  by  exposure  to  dry  air. 
NaphthionaU  of  Zinc,  C^»H*ZnNSO*,— Obtained  by  double  deoomposition  of  naph* 
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tliioiiatB  cfMMHum  with  Bolpliate  of  tine.  It  forms  large  red  luminsei,  transparent  but 
rlweoming  opaque  nt  90**,  with  tusa  of  iiome  of  Ha  water  of  rrytrtjilliiiarion.  Very  soluble 
|4iL  WAter,  aolubto  in  ftaliydrotu  Alcohol  with  the  aid  of  heat,  Becomefl  anhydrous 
plietween  150^  and  IG0=».  C.  G.  W, 


C'*H»0*  (Sohutxenberger  and  Willra,  Compt,  rend, 
I  zlti*  894.) — A.  subitaooe  produced  toigether  with  azodioaphtbyldiamiuG^  (p.  2$)  hj  the 
I  action  of  aqueoua  nitnta  of  potaanum  oa  hjdrochlomte  of  naphthylainine.  The 
lAiodiiuiphtnjl-diaiiiine  maj  be  dtiu:olred  out  by  alcohol  or  ether,  and  oaphtbtilmiii 
I  then  romaijia  ai  a  bl&ck,  mfher  bulky,  humuA-like  aubstauce,  inaolubla  in  nearly 
I  all  aolTentSp  especialljr  in  acida  and  alkalia.  It  disaolvea  however  in  Strong  suiphnriL' 
[acid,  forming  an  iodigo-colour<^d  eolution  whence  it  h  precipitated  by  water, 

MAVMVm JU    C**H^, — Th«  monatoinic  ndid«  of  napbiliylnmiue,  &c, 

Cjfanateof  Naphthy!^  C*'H'NO  «  ^htj,  [  0,  ia  produced  in  small  quantity  by  heating 

!  dinaphthyl-carbamide  with  phosphoric  anhydride  (V*.  Hall,  Phil  Mag.  [4]  xyii. 
Ll04),  prol»bly  alao  when  menaphthoximide  is  heated  to  260**  (Perkin,  Ohem.  Soc. 
rX  ii^  8).  It  forms  tnagnifLeent  eadlj  fusible  crjfttala,  insoluble  in  wat4'r,  ensll j  aoluhlo 
[  in  alcohol  and  ether,  lu  reactions  are  exactly  analogous  to  thofro  of  cyanate  of  phenyl 
[(ii,  IS>6).    (Hofmann,  Compt.  r^^nd,  xlriL  426,) 

SutphocymaU  of  Napkth^f,  C'*H'N'S  =  QWHt  1^-    Obtained,  togethet  with  naph- 

thylamine,  by  distilling  dinaphtliyhiulpho^carbamide  with  phosphoric  anhydride: 


(CSr 


K'     =* 


CN 
C 


It  forma  splendid,  easily  fusible  crystals,  having  a  peculiar  odour,  insoluble  in  ipater, 
ffier?  aolttble  in  alcohol  and  Hher,    ^^Tj en  boiled  in  alcoholic  solution  with  napbthyl- 
'~iiiie,  it  ia  reeonveited  into  dioaphtbyl-sulphocarbamide.     With  aniline  it  forms  aul^ 


CN  ; 


C"H'J 


8    ^ 


cm:' 


CN 


CH^C^'jNk 


S, 


Iflhoeyanate  of  phenjl-uaphthjlamine : 
[(Hall,  Hofmann;  W.  eiL) 

mA9WrU H JLAaimrE.  C«H'N.  yaphtholidaiH,  Naphthalamine,  Nnphthaiidinr, 
^(Ziniu,  J,  pr,  rhini.xxvii.  143  ;  tib«tr.  Ann*  Ch.  Pharm.  xliv.  283,     Piria,  Ann.  Ch« 

Phys.  [3]xxxi.2l7.  B^champ.  iiirf.  xlii.  186.  Delbos»  iVW,  wti.  68.  W,  H,Perkin. 

Chem.  Soc.  Qu.  J.  ix.  8 ;  Chem.  Gaa.  1856.  p.  119.  Hugo  Schiff,  Ann.  Ch,  Phys, 
[Ul  112.     A,  W.  Hofmann,  Compt.  read,  atlrii.  426  :  Ann.  Ch.  Phys.  [3]  li?.  204, 

iehitsenberger  and  Willm,  CompL  rend,  xlrii.  82.     Perk  in  and  Chnreli, 

^  ,  Soc,  J,  xv\,  207. — Diseovered  by  Zinin  in  1842duringht8  important  research's* 
r«n  the  reduction  of  nitro*componndB. 

I  JVep<irai/f>«.— Zinin* a  process  consiafcfi  in  mixing  1  pt.  nitronaphthaleno  with  10 
ipts.  of  strong  alcohol,  and  saturating  the  mixture  ftret  with  ammonia  and  then 
[  with  sulphide  of  bydrog*»n.  The  essential  features  of  the  reaction  are  expressed  by 
[the  annexed  equation: 

C'H^'O'^    +    3H^    «    C'*H»N    -f    2H'0    -h    S*. 
Kttroa*pbth«Jeiie.  Napbibjla4»l(iti. 

Piria' I  process  consists  in  taking  advantage  of  the  ease  with  which  the  thionaph^ 
I  thamates  are  converted  into  naphthylamJne.  When  the  thionaphthamata  of  an  alkali 
I  ja  treated  with  dilute  sulphuric  acid  and  the  solution  is  heated,  sulphate  of  naphthyl- 

nine  ia  produced  in  accordance  with  the  r^uatioo — 

2C»»H«^SC>»      +      H'Q     *=     2(C"H*N)H*S0*, 
Th)<m«f»titbamic  Acld. 
S.  Aoeording  to  P  i  r  i  a,  Daphthjlamioo  ia  also  produced  by  distilling  a  thianaphthamat  f^ 
with  «xoe88  of  hydrate  of  odcium. 

4.  The  process  almost  invariably  tised  at  tie  prr*'^' *  ^  •-  '-  however,  that  of  Bechamp, 
which  eonlkta  in  reducing  nitronaphthaleno  with  md  acetic  arid.    Accord- 

ing to  Schfitaenberger  and  Wiilm,  phlhalaminr.  i  \  .n  al»o  formed  in  this  rr- 
[  action.  The  prodnction  of  nnpht  by  Limine  by  Bi^champ'aproceat  is  precisely  nna  logons  to 
[that  of  aniline  from  nitroljcnitcneVith  the  same  reagent^  and  may  be  written  thus: 

C'*H*NO*     -*-     6Fe*0     +     H-0     «     3Fe*0*     +     C^'H^N* 
It  11  qnite  unnecessary  to  give  at  length  all  the  modi^etittons  of  B^ch am p>  process. 
Iwhidl  hare  been  described  by  various  oprators.     The  following  method  of  profwirM- 

J  will  be  found  to  answer  either  on  the  lisrge  or  on  the  small  scale:  I  pt,  of  iiitn>- 

l^iaphthalenc  which  has  bei«fi  well  washed  with  water  to  n-move  adhering  nitric  acid,  it 
■  r  2 
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niixf^d  with  1|  pt  of  Iron  Ulings,  and  com iim' re ial  acetic  acid  is  aildod  in  i»uiIioic>ji| 
i|niiiiti1y  to  cover  the  whole.  The  retort  must  ht^  very  onpttcioiis,  Hud  t^hould  hf  uhle  to 
hold  A.t  lettat  ten  tJm(»a  tho  quantity  of  tlio  ingredicuts  taken.  A  gf-ntle  heat  ib  npfiUtn) 
until  the  nitronttphtlialeno  mclfe,  Tho  retiction  rnxm  seta  in,  and  i»  genemlly  verj 
active,  the  contenta  vjf  the  retort  frothing  violently,  and  ^joiling  over  nnless  the  fire  isi 
removed.  As  soon  ns  the  frothing  has  subsided,  the  r*^tort  is  to  be  cnutiously  heated 
until  the  acetic  acid  haa  distill^  over,  after  which  it  b  to  be  Pf 'moved  from  thi^ 
fire  and  allowi^l  to  cooL  A  strong  solytion  of  hydrato  of  potiissium  may  thi^n  Le 
added^  until  the  niixTiire,  after  being  well  Btirred^  is  powerfully  alkaline.  The  retort 
may  novr  be  t^lnl?f<'rrT^d  to  a  deep  eand-bath  and  covered  with  sar^d  np  to  the  neck* 
The  fire  is  to  be  nrgt^  until  the  napbthyhimine  comes  over,  which  however  will  not 
he  the  case  until  the  temperature  bus  nsen  to  300°,  Tht>  oily  ntiphlhylamine  thu» 
obtained  is  pnriticd  by  solution  in  bydrtjohloric  acid ;  the  filtert  d  liquid  is  evapo* 
mted  to  dryness  and  distilled  with  hydmte  of  euleium  ;  the  baae  then  passes  over 
in  the  form  of  a  colonrlesa  oil  contaminated  onl^  by  tlie  presence  of  phthalamine. 
Tbtf  iatter  may  be  removed  by  converting  the  mixture  of  basefl  into  amphntM  and 
crystallising.  The  fiulphnte  of  naphthylamine  being  letia  soluble  than  sulphate  of 
ptithahimifiey  will  ciystallise  out  firsts 

Roussin  prepays  napMliyLkriiisn  I tv  treating  nitronaphthalene  with  Itn  and  hydro- 
chloric acid.  Ht^  ]i4roJu<»s  inh  v  I  alloon  (which  should  hare  twice  tlie  capacity 
neeessary  for  holding  the  ingnduutii)  G  pts.  of  commfreial  hydrochloric  acid,  1  pt*  of 
nitron aphthalene,  andaa  much  gmnuluted  tin  ai*  will  n^nch  to  the  anrfaco  of  the  mixture. 
The  balloon  is  heated  in  a  water-bath  and  shaken  at  intervuls.  An  energetic  re- 
action i^  soon  set  np,  the  nitronaphthaleiio  disappears,  and  the  mixtwrCi  which  is  of  a 
brown  colour^  becomes  transpannt.  The  product  in  this  condition  is  poured  into 
sn  earthenware  vessel  containing  two  litres  of  commercial  hydrochloric  acid  diluted 
with  half  its  bulk  of  water.  The  hydroi*bloMite  of  naphtbylaraine  soon  begins  to  crys- 
talliKC,  and  finally  renders  the  whole  solid*  On  cooliujUf,  the  magmii  is  drained  on  linen 
filU-rs,  and  stibseqnentl^  pressed.  To  purify  the  crude  hydrochlDmle  prepared  in  this 
manner,  it  is,  after  di^'ing,  to  he  dtssolreiLl  in  boiling  wafer  and  treated  with  a  suffi- 
cient quantity  of  solution  of  sulphide  of  sodium  to  pit'cipitate  the  tin.  The  liquid  is  then 
passed  through  a  wet  paper  filter  to  remove  a  tarry  impurity.  The  pure  hyiJrochlorat© 
crystallitfes  on  cooling.     The  kisc  may  be  separated  by  the  addition  of  an  alkali. 

Prirperiies. — Napbthylamino  precipitated  from  a  solution  of  the  sulphate  by  ammoniti 
forms  white  silky  netdies.  As  ordinariiy  obtained  by  distillation,  it  is  a  y^Uowish- 
whitc  crystalline  mass.  It  melts  at  60^^  and  distils  at  about  300°  without  decoropctsition. 
In  spite  of  this  fact  its  vapour- dr'iitity  docs  not  appejir  to  have  been  determined.  Jf 
very  slowly  heated  it  stiblimes  in  long  silky  needles.  It  has  a  most  disgusting  and 
persistent  odour,  which  adheres  to  the  hands  and  clothes  for  a  long  timf.  Some  per- 
sons appear  to  be  injuriously  affected  by  it  when  working  with  it  for  some  time  (Carey 
Lra).  Solutions  of  naphtbylamino  colour  deal-wood  yellow  even  more  intensely  than 
aniline.     (Hofmann.) 

Dvcompositions. — 1.  Naphthylamino  burns  with  a  smoky  Same,  leav'ng  a  residue 
of  carbon  (Zin  in). — 2.  Turns  viokt  in  the  rtir(Ziiiin).  This  violet  substance  appears 
tT  be  produced  during  tho  formation  of  n;tphthylamine  from  nitrouaphthalf:ne  by  B^- 
rhamp's  prwess;  one  or  twograins  are  all  that  can  bo  obtiiiried  from  60  or  more  grammes 
of  nitronaphthalono  (Carey  Lea).  Sublimed  naphthylamine  becomes  coloured  only 
afler  lone  eipssure  to  the  air  and  sunlight,  andifpruteeted  from  these  inilupnees  may  l>« 
kept  unaltered  for  years  (Zinin).— 3.  Heated  to  200"*  with  dry  mtrcvroMfi  niirote  il 
yields,  acenriltng  to  the  quantities  of  salt  employed,  various  shades  of  colour  from  tliat  of 
auilino-violet  to  I  hat  of  fuchaine  (S  c  h  e  n  r  e  r  *  K  e  s  t  n  e  r). — I.  Statituc  thJorrdt'  eon  vertu 
it  into  a  redcolotjr  (Kestner), — 5.  Not  attaeked  Ijv  chhri-nc  in  the  ci:dd,  but  violently 
when  in  a  melted  state,  hydrodilorttto  of  naphthylamine  and  a  resinous  suliHtance  being 
formed  (Z  i n  in). — 6,  Solution  of  hydrodilonite  of  uBphthybirnine  treated  with  chhnite 
Mflbr<ls  a  violet  colour,  a  brown  resin,  and  a  substance  crystalliKing  in  golden-yellow 
needles  (Zinin), — 7*  With  frrric  chiondt\  nitrak  of  silver^  irkkJf^iife  of  go!d  ami  oxi- 
dising substances  generally,  it  gives  an  aeure-bluo  precipitate  of  naphthameiue  (P  ir  ia). 
—  8.  When  nitrite  of  potassium  is  added  to  a  solution  of  a  salt  of  naphthylamine,  a 
reddish'brown  precipitate  is  immediately  produced  eidled  by  its  dijicoverepft  n^odi- 
naphtbyldiamiuc,  and  haring  the  Vormuki  C^'H'^N'  (Perk in  and  Church), 
—9.  Phiinie  chforids^  mercuric  cUoride^  and  chloride  of  sine  yield  the  naphtharaeina 
of  Piria  which  appears  in  fact  to  be  oiynaphthylamine  (Schiff).  This  is  probably 
also  the  substance  obtained  by  heating  nitronaphthalene  with  the  hydrates  of  potas- 
sium and  calcium. — 10.  Nitric  aeid,  especially  if  it  contains  nitrous  artd^  converts 
naphthylamine  into  a  brown  powder,  almo*.t  insoluble  in  water,  but  soluble  in  alcohol 
with  the  production  of  a  violet  liquid  (Zinin).  Inaj-mueh  as  the  last  reaction  i» 
favoured  by  the  prosencr  of  nitrous  aeid,  it  i.«  probiible  that  the  resulting  product  ia 
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(or  ftt  hnu^  contAinii)  Ptrkin  and  Churcl/s  azodinapLLlijldiamiDo,  This  is  rendered 
the  more  probable  becaiwe,  aceordiiig  lo  Zimo*  the  product  of  the  action  of  nitric 
acid  ift  obtained,  on  eraporating  ita  flolution,  in  the  form  of  crystals  reMmbling 
^lar<*xidf^,  and  azodiQaphthrl diamine  C]7stalli5Cfi  in  ma|rnLficeiit  green  crystals  having 
aomewhttt  the  appearance  of  marexidc,  but  much  larger  and  finer. — IL  A  mixture  of 
nitric  and  sulphuric  acids  meU  violently  on  naphthyhmiine  ;  on  the  addition  of  water  to 
th«  mixture  llakea  are  depoait«dwhich  are  probably  nitroDaphthylamine,  C '•!!•( NO')N. 
—1 2.  Ojrf/ckloride  of  pkoaphorus  eonrert*  naphthylamine  into  tnnaphthylphosphaniidi* 
(i^chiff). — 13.  A  solution  of  acid  ehromate  of  potajtsitim  added  to  a  solution  of  a  aalb 
cfnaphthylaraineyicldfl  a  precipitate  containing  a  violet  colouring  mutfer.— H.  A  sola* 
lion  of  naphthyl^mine  in  anhydrous  ether  when  treated  with  ^aswuji  ct/onic  acid^  affords 
BapbThyl-urea,  C"H**N'0 ;  under  certain  circumstances  the  reaction  proceeds  difE^ntlyi 
iM   '      *    ^  itters  are  formed  (Schiff). — 15.  An  alroholic  soliitiori  of  naphthy- 

?  s  with   oii  of  mustard,    forming    allyi-nftphtliyl-^julphocarbumide, 

t  .  1  ^  — 16.  With  tulphocyanate  «/  ph^nift,  phenyl  implitLyl-sulphocar^ 

I' I!  I  I  of  man  n).— ^17*  When  an  alcoholic  solution  of  naphtliylamine 

In  I  r.  If    ii  V,  J  U  of  carban,  or  when  it  is  heated  in  a  sealed  tube  with  that 

r«*4^iut,  diuii)>UtU>l'S.uIplitjcarbamide  is  produced  (Laurent,  Delhojt,  Schiff).— 

18.  Whcm  ftnnnl  tuiphthv)uminei<i  treated  with ^ai'V7v^cA/ortVf(<q/'c^i]M(>j7rA,  heatisgiTeu 
tiff  and  hv  1  'of  mcuaphthylamine,  C^'H'^KMICI,  is  formed  (Perkin)*— 

19.  With  t[  \c.  of  the  alcohobfadiclea,  metliyl-naphthylamine,  ethyl- naph* 
iJiylnmioe,  U^,,  ....  .  iiued.     (Schiff.) 

Sai-ts  or  Kaphthylauixe. 

Bromhydratt  or  jH'y c/rf>Aromfl ^f,  C'*IPN.HBr,— -Obtained  by  decomposing  a 
couctntrateJ  alcoholic  8oIuriou  of  sulphate  of  naphthylamino  with  brotiude  of  potassium 
or  bfirium.  The  solution  filtered  from  the  sulphate  of  barium  is  to  l>r  tilowly  evaporated. 
Cryiilajlioc  salt,  rradily  6*>lublc  in  alcohol,  moderately  fiolubte  in  WMten 

(Jhlo rhf/drafr  or  HffdrochJoraif,  C'*H*N*HC1. — Whcna  stroiif; Kihition of  naph- 
thylamitie  in  alcohol  in  mixed  with  bydrcchlorie  add,  the  whole  Bolidifii^s  to  a  mass  of 
liydroehlorttte  of  naphtbylamine,  consisting  of  small  shining  scales,  rather  freely  soluble 
iu  wnter,  and  still  more  bo  in  alcohol  and  i^ther.  It  sublimes  at  about  200°  with  only 
hV\^\i  deiv>m position  ;  the  sublimate  comiits  of  veij-  fine  needled.  Like  the  sulphaloi, 
the  dry  wdt  is  not  decomposed  by  exposure  to  the  atmosphere,  but  tlie  solution,  or  the 
cTjsials  if  wet,  become  rapidly  decomposed,  with  production  of  a  red  colour, 

Ckloromrrcttratt. — When  a  solution  of  mercuric  chloride  is  added  to  an  alcoholic 
S'^liitiou  of  naphtttylamine  or  of  its  tallH,  a  cunly  yellow  precipitute  is  obtained;  it  is 
N»luMo  with  difficulty  in  cold  alcohol,  but  is  deposited  fit>m  a  boiling  solution  on 
couling  in  cry^taU. 

Chloroplatinatf.^^K  yellow  precipitate  tlightly  soluble  in  cold  water,  bIHI  leas 
boliible  in  alcohol  and  ether.  It  cr}'atallise8  without  alteration  from  a  boiling  aqueous 
Hjlution  (Gerhardt).  On  fMjuring  an  alcoholic  Mulution  of  hydrcMrhlordile  of  naph- 
thylamine  into  a  solution  of  platinic  chloride^  a  green  colour  is  developed,  and  tha 
aait  is  deposited  as  a  brownish  green -yellow  powder.     (Zinio*) 

mtraie^  C'*ll*N.HNO*.—Naphthyl amine  dissolves  without  decomposition  id  weak 
boiling  nitric  acid  if  the  latter  be  fr^^  from  nitrous  acid.  The  Eolttlion  becomes  however 
slightly  reddish.     On  cooling  brilliant  scales  are  deposited  of  nitrate  of  naphthylamine. 

Oxalates,  1,  '  '— Crystalliiiei?  in  stellar  groups  consistintt  of  small  lamin» 

having  the  formu!  C'H=6*.     It  yields  dinaphthylcarbamide  on  distillation, 

— 2.  AcidtaU,  C'*i r 7s .«  m i  O '.—  T'  '    '  '   : ^  warty  masses,  readily  soluble 

in  V at er  a nd  alcohol.     W hr  a  m^^ o  : ^ tiUation,  i t yields  a brownish- 

ycllow  powder  sulublo  in  alcohol  Luv  .-.,.,..,,     .,  ,,^.v.. 

Phoipkates,  1.  Orthophta^hate^ — NaphthyliimiBe  treated  with  solution  oi  phos- 
fthoric  acid  which  has  not  been  ignited,  forms  this  salt,  which  i^  t^a^ly  obtained  in 
insLnk  even  when  dilute  solutions  of  the  base  are  treafed  with  an  aqueous  solution 
tf  the  acid.  It  raj>idly  turns  red  by  expoaure  to  the  air. —  2.  Meiapkosphatf,-*W}^^Xi 
iiri  alcoholic  solution  uf  naphthyLimine  is  treated  with  solution  of  metaphosphorio 
arid  in  alcohol,  a  white  pulverulent  ialt  is  obtained.  It  is  only  slightly  soluble  in 
water  and  alcohol 

Sulphate  of  Navhthplafnine,  2(C^»H'!T).H'S0\  in*y  be  formed  by  dissolving 
the  b«s«  in  warm  .'nilphnric  acid.  No  crystjds  are  obtained  on  cooling  even  lo  0**, 
but,  on  dilutioo,  the  whole  bccom^B  nearly  solid  with  small  ^caJes  of  the  salt.  The 
same  salt  may  be  obtained  by  adding  sulphuric  a^^Jd  to  a  solution  of  (hionaphthamale 
of  potassium,  sodium,  or  ammouiirm,  and  gently  heating.      It  crystallises  in  white 
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fiilTeiy  scales  haTing  the  disgasting  odour  of  the  base,  and  an  add  reaction.  When  dry 
it  may  be  kept  without  alteration,  but  the  solution  decomposes,  with  prodoctioii  of  « 
red  colour.  When  distilled  it  melts,  gires  off  sulphurous  add,  and  learsi  a  residiie 
of  carbon.  A  small  portion  of  the  base  distils  over  undeoomposed  (Zinin).  It  is 
only  slightly  soluble  in  cold  water  or  alcohol,  but  freely  so  in  hot  alcohoL 

Intimately  connected  with  naphthylamine  are  the  substances  which  Piria  disooTeredby 
actins  on  nitronaphthalene  with  sulphite  of  ammonium.  (See  TmoyAFSTSAiiio  Acm 
and  Nafhthionio  Acid.) 

Subatitutiori'derivativcs  of  Naphthylamine. 

a.  Bromide  of  Ethyl-naphthylammonium,  C««H>«NBr=(C'*H'.C»H».H^;NBr. 
—To  prepare  this  compound,  naphthylamine  is  treated  with  an  excess  of  biomide  of 
ethyl  in  a  flask  so  connected  with  a  Liebig*s  condenser  as  to  allow  the  Tolatilised 
bromide  to  return,  the  temperature  being  maintained  between  40^  and  60^  for  some 
hours.  The  contents  will  at  last  be  converted  into  a  reddish-brown  mass  from  whidi 
the  excess  of  bromide  of  ethyl  may  be  removed  by  distillation.  The  mass  is  then  to 
be  repeatedly  exhausted  with  bcnling  water.  The  boiling  solnti(»is  are  to  be  filtered,  and 
on  oooline,  the  bromide  of  ethyl-naphthylammonium  will  crystallise  out  (Sehiff).^— 
2.  Naphthylamine  indosed  in  a  sealed  tube  with  excess  of  bromide  of  ethyl  and  kept 
for  fourteen  days  at  ordinary  temperatures,  becomes  almost  entirely  converted  into 
crystals  of  the  bromide.     (S  c  h  i  f  f. ) 

Properties. — Pale  rose-coloured  crystals  which  do  not  become  colourless  on  recrystal- 
lisation.  The  salt  does  not  become  coloured  so  easily  as  naphthylamine.  Very 
slightly  soluble  in  cold  water,  but  readily  soluble  in  hot  water,  alcohol  and  ether. 
(Schiff.) 

Heated  with  hydrate  of  potassium,  the  bromide  gives  naphthylamine  and  alcohol^  in 
accordance  with  the  equation — 

NJcH'lBr  +  KHO     =     n|^^'|  +   ^h*|o    +  KBr.    (SchifC) 

fi.  Iodide  of  Meihyl'tiaphthyl^ammonium. — An  attempt  to  prepare  a  methyl 
compound  by  treatment  of  naphthylamine  with  iodide  of  methyl  £iUed,  the  prod«el 
being  a  greasy  mass  which  would  not  crystAlIise. 

7.  Sulphocyanate  of  Phenyl-naphthylammonium.  CH'^N^  = 
C'*H'^C*H^')n[^' — ^*^^<^  ^7  ^^®  direct  union  of  naphthylamine  with  snlphCK 
cyanate  of  phen^rl,  or  of  phenylamine  with  sulphocyanate  of  naphthvl  (p.  19).  It 
crystallises  from  its  boiling  solution  in  spangles  very  like  diphenyl-sulphocarbamide; 
very  soluble  in  alcohol  and  in  ether.     (11  of  m an n,  Compt.  rend,  xlvii.  425.) 

c.  a.  w. 

WAFBTBT&^OAXBAaiZBBS— a.  Mononaphthtl-cjlbbauidb  or  NAFRTinrx.«- 

C'HM 
UBKA,  C'H'WO    -  (CO)"In».    (See  Cabbamidbs,  i.  754.) 

(C»«Hnn 

P,  DiicAPHTHYL-CABBAMiDE.     Carbonaphthalide,  C*'H»*N*0  «    (CO)    iN*.  (Del- 

H»  J 
bos,  Ann.  Ch.  Phys.  [3]  xxi.  68.— Zinin,  Ann.  Ch.  Pharm.  cviii.  228).— Obiaiiied, 
1.  By  heating  the  neutral  or  add  oxalate  of  naphthylamine  (Del bos).  Dinaphtbyl- 
oxamide,  C**H"N«0*,  is  first  formed,  and  afterwards  resolved  by  increased  hi«t,  into 
carbonic  oxide  and  dmaphthyl-carbamide. — 2.  By  boiling  dinaphthyl-sulphocarbamido 
with  alcoholic  potash  (Delbos) : 

C*»H»«N«S  +  HK)  =  C»H>«N«0  +  H«S. 

3.  By  heating  dinaphthyloxamide  for  a  long  time  above  its  melting  point,  or  isb- 
mitting  it  to  dry  distillation  (Zin  i  n)  : 

(C»H')M  (C»«H')n 

(ck)tIn»   -      (CO)" In*  +  co. 

It  is  most  advantageously  prepared  firom  acid  oxalate  of  naphthylamine,  which  must 
be  heated  to  complete  fusion ;  the  yellowish  mass  which  distils  over  is  then  freed  from 
nuphthylamine  by  repeated  boiling  with  alcohol. 
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Dmftphthyl'carbamide  is  a  pure  whitff,  liglit  and  slightly  9ilkj  mM9,  insoluble  in 
tatter*  very  itlightly  soluble  in  boiling  tUeohoL  It  qnicklj  turns  r«d  when  expon^  fo 
the  air,  and  distiU  with  partiAl  carbonisation  at  n  t^mpenitare  above  300^.  Whffu 
ditftUled  irith  pkoipkork  mtAjfdride,  it  yieldi  cyanat^  of  Qapbthyl,  together  with  other 
products. 

VAJSrarXi-IltAMlirBS.  a.AzoDZiCAPHTiiTL-i>UHi7nL  OH>*N*«     K*^      IK* 

(Perk in  and  Church,  Chem.  Srtc.  J.  xn.  207). — A  b«se  pTX)dnoed  by  treatiug 
hydzvkchlonto  of  naphthylamina  with  nitrite  and  hydrate  of  potaatiiim  in  the 
proportions  indicated  by  the  eqaation : 

2(C'»H*N.HC1)  +   KHO  +  KNO*     -     C»H'*N»  +  2KC1  4   8HH>. 

A  dark-coloured  precipitate  i»  thereby  formed  which  when  reciyitallised  once  or  twice 
from  boiling  alcohol,  yields  azodiDEphtbyt'diiunine  in  Bplendid  needles,  hating  a 
bright  green  metAllic  refltHition.  It  melta  at  130°  to  a  blood-rod  liquid  baring  a  green 
metallic  lustre,  and  bean  a  considerable  d«^gree  of  heat  without  decomposition.  It  is 
insoluble  in  cold  tcattr;  coloom  boiling  wali»r  yellow  j  diasolTes,  but  not  very  freely,  m 
aicokolt  ether ^  and  bemene,  sren  at  boiling  heat,  Most  ttdd^  colour  the  solutions  deep 
violet ;  but  the  original  ORUige-red  tint  is  restored  by  alkalis,  and  ^'vcn  by  water.  Oil 
of  vitriol  colours  the  dry  cty totals  dull  green,  changing  to  deep  blue  ou  addition  of  a 
trace  of  wAter.  Strong  nitric  acid  diasoJrea  the  bdse,  forming  a  brown  solutitJii 
which  afterwards  chiingee  to  brownifih-tpd,  and  water  then  throws  down  a  brown 
pwcipitate. 

Aziudinaphthyl-diamine  forma  ihrefihvdrochloraitx,  viz.  (C^H**N*)lHCl,  cTjiitaUis- 
tng  in  ftbining,  golden>brown  pnsma ;  C^'^N'.HCl,  in  dark  parpliBh-red  crystals  ;  and 
C"ir*jr.2HCl,  in  bulky  crystals  yellow-brown  by  transmitted  light,  and  having  a 
green  lustre  when  wet.  The  9tdphate,  (C*H"N')H'SO\  forms  greeniBh-brown  cryutala 
haviug  a  golden  metallic  lustre. 

Azodinaphthyl^ amine  boiled  for  some  time  with  potash  is  purtly  recoiiTerted  int^ 
rniphthylamine.  By  prolonged  boiling  wi!h  hydrochloric  add,  it  is  slowly  decomposed, 
yielding  hydfochlorate  of  naphthylamine,  ana  a  substance  soluble  in  potash.  When 
treated  with  hydrochloric  aeid  and  granulated  tiny  it  ia  decolorised  and  yields  oni'  or 
more  new  base*  not  yet  examined.  With  citraconic  acid  it  yields  a  Boiid  substance 
probably  consisting  of  aaodinaphthyUeitraconamic  acid. 

By  using  a  double  proportion  of  nitrite  of  potassium.  Perk  in  and  Church  (Chem. 
Soc  J«  Ix.  1)  originally  obtained  a  durk-coioured  substance  which  they  rt^gnrfk^d  its 
njtfoso-naphthalene,  G'*II'(NO);  but  subeequent  experiments  hare  shown  that  it  wiis 
not  a  defioite  product,  but  merely  impure  asodinuphtliyl-diHmine. 

Btnxoyl-aModinaphthiff'diamine,  CFW^T^K)  =.  C^H'*(C^1I*0)N»,  i«  produced  by 
heating  azodinaphthjl -diamine  with  chloride  of  ben^oyL  It  fonns  DrilHaut  rei 
crysTalB,  vetr  stable  and  capable  of  melting  without  deeomnoaition.  It  is  insotubli*  in 
water,  dissolres  elightly  in  boiling  alcohol,  with  yellow  colour,  >rhieh  is  diirkoned  hut 
not  changed  to  violet  by  a  large  excess  of  hydrochloric  acid,  DibsoIvcs  in  liulphuric 
acid  with  deep  blue  colour;  is  nearly  insoluble  in  ether,  but  may  be  trjstalliaed  from 
benzene  or  from  chloride  of  benjsoyl.  DLssolres,  with  orange  colour,  in  ali'oholji*  ptash 
or  floda,  and  is  piirtially  decomposed  by  continued  boiling  with  potash  followed  by  the 
action  of  hydrochloric  acid. 

The  chlorides  of  acetjfl  and  cumyl  appear  to  form  similar  productt  with  asodinaph- 
thyl'diamine* 

J3.  MiK4FBTHYLAifnni,C**H^'N*,mayberegardfidaflcy«B0-dinaphthyUdiamine 

((?/</,  inf.), 

WikFXTBTZt-l'aiiaeAJIStsm.  C"H'NO  -  N.HCCHOXC*«IP).  SeoFoRiUL- 
mi>B  (ii.  C8l). 

jrAFU'-gM  ¥X-OXAJggllBS.     See  Oxamide, 

3tA7BTa7Z»-^BOfiVKA»IXl».     See  pKodrHAMini. 

B'Af  HTBT^^-SirXi^aOGAmBAJICmXS.      See  SuLraoCAttlUHlDMi. 


kxfxfl.  C^WIS^  -  (CH^In".  (Perk in,  Chem,  Soc  Qu.  J.  ix,  8.}— This  compound, 
V  ™  1 

irhieh  may  abio  be  regarded  an  ej/a$ta-dinaphthgl-diaminfj  (C'll^)'  |  N*,  is  formed  as  a 
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C5a  *  C'H">'Mfa  L  iU  wjdt  U  foim«tic*  UMg  pr«a«lj  ank|-wi  to  tbai  «f 
CMrUttiJfi*'',  or  catfix/^'i^bwjl-tnJHBatiMr,  fnm  auiiiftc.  To  fvcpov  it,  iinfinw  rH»idB 
of  trynwf^^u  M  dnvjs  W  an  appintcc  Uiro«gb  a  onaber  of  g^bv  tsbe»  vHljr  iDed 
trHh  mi/hthyUmii>0:  which  i«  kn*  hi  fanca  Jyr  ti*  m&atioa  of  a  gentk  bert ;  tfas 
rfrffQhifltf  lli-k  r»«iK;iM  bulm,  erinrUtixig  drrfj  of  brdrocikkitste  erf"  BcnapfalhjlaBiDfv 
Ml  \MAU4wJth  a  JbfgK(  qoauitity  of  vaUr;  the  bttse  it  ^trnmaUA  horn  thaaolMiQB  by 
MmmonU  or  poCaab ;  ax>d  the  prwipitaU  is  pvrificjd  I7  vaabisg  with  vaifr,  mad  one  or 
two  arytUdl'utmtwoB  fttjm  akobtA, 

M«iiafAth/lainii>i^  trjttadHa^  in  small  white  Decdles,  baring  a  bitter  taate^  b«t  bo 
urofU^  tit^riX  m«oIab!«  :d  trtft^,  tolviblc:  in  alcohot  a»d  in  f<&fr.  It  bceoMco  ooloond 
in  i\i»:  *ir.  utA  Uwm  nddnM^l  litmiM.  It  melts  at  about  200^,  aod  d^«oapoan  at  26<P, 
invlu'/  off  naphtfajUmi&e  and  learing  a  brown  ma«s.  It  appears  to  f3rm  nevtzal  eom- 
If^Mtwin  with  chU/ritu^  Ujdine  ai«d  hn/mne.  Vt'iXh  fujiung  sulpluric  arid  it  finft  furasa 
Milpbat',  hot  on  heating  th«  miztim',  it  liqG«4<s  and  a  new  aeid  is  prodoeed  wbidi 
Ir^rms  a  soluble  lead-salt, — Fathing  nilric  acid  acts  rerv  slowlj  on  menaphthjlaBunc^ 
fijirmiun^  a  serin  of  siibstitotion-|ffxxlacts.  Chromic  add  acts  but  siciwlj.  Cya»o^ 
gag  paMKd  tbrriagfa  ether  in  which  menapfatbjlamine  is  sospeoded,  eonTCfts  il  into 
dfCTBaomonaphth^lamin^. 

Jnenaphtbjlamine  imit»  with  acids,  fonning  salts  raanj  of  whidi  areamonboosorbul 
uligfatljr  emtalline.  Tbej  are  bat  sparingly  solable  in  wat«>r,  and  neatni  to  litmna- 
paper.  Tb^j  are  precipitated  hj  aeias  and  by  saline  solutions ;  potash  and  ammoani 
added  to  th'>ir  fVilationspredpitate  the  base  as  a  pore  white  powaer. 

The  kydrorhlf/raU,  C^H'^NMICl,  is  araorphons  and  rery  solnble  in  alcohol  and 
rthw.  T\tf  rhlorojfjlatinaU,  C*H»'X*.HCLPtG*,  is  deposited  from  alcobobe  aolntiona 
in  small  vellow  fthiaing  scales.  The  chlcmh-auraU  is  a  bine  precipitate.  The  kydrio- 
datf,  hi/drohromaU^  p£>»phaU  and  nitrate  arc  crystalline,  the  last  forming  small  white 
jfriHmff,  anddisM-^lre  easily  in  alcohol  and  in  ether.  The  sulphotc  is  amoiphons,  and 
iiK>'l*Tat';ly  ioluble  in  alcohol  and  in  ether. 

/i.  I>tf.YA!«r>.jiEWAPHTHTLAMWE-  C«H"X»  =  (^H'^y.Cy^.— Produced  as  above 
t\etit:n\nt\  by  the  action  of  gaseoos  chloride  of  cyanogen  on  menaphthylamine  sospended 
in  i'ther.  It  18  pale  yellow,  crystallises  with  dilScnlty,  is  insoluble  in  water, moderately 
i^A\i\>\ii  in  alcoliol  and  in  ethfr,  dissolres  easily  in  dilate  acids,  and  is  reprecipitated  by 
ammonia  if  adde^l  immediatc'ly  afterwards ;  bat  the  solution,  if  left  to  itself  for  only  a  few 
►e^onds,  becomes  torbid  awl  deposits  cyanodinaphthyl-oxamide,  C*"H'*N*0*.  (P erk  i b, 
tifc.  cit.) 

W AFKTH  Y  Zt^xntMiLm    Syn.  with  NAPHnrrL-CABBAXTDB. 

WAFXiBS  TBXAOW.    A  basic  antimonate  of  lead  used  in  oil-painting.    (See 

AXTIMOHATKS,  i.  326.) 

Syn.  with  orthoclase.  (Sec  Felspar,  iL  619.) 
C»H-»yO».  (Pelletier,  Ann.  Ch.  Phys.  1.  262.— Conerbe,  ibid. 
lix.  1.01.  -Anderson,  Edinb.  PhiL  Trans,  xx.  Pt.  3,  p.  347.)— An  alkaloid  con- 
tained in  oi>iam.  To  prepare  it,  the  aqaeoos  extract  of  opinm,  from  which  morphine 
has  been  scpaRited  by  Orecor/s  process  (iii.  1051),  is  mixed  witli  ammonia,  which 
throws  down  narcotine,  thebaine,  and  a  resinoos  body.  The  liquid  is  filtered  and 
mixed  with  acetate  of  lead  ;  and  the  filtrate,  after  being  fi^^ed  from  excess  of  lead  by 
Hiilphuric  acid,  is  neutniliscd  with  ammonia  and  evaporated  till  it  becomes  corered 
with  a  pcUielc.  It  then  on  cooling  deposits  a  crystalline  mass,  the  quantity  of 
which  increases  by  repose.  This  mass  is  washed  on  a  linen  filter  with  cold  water,  and 
then  dissolved  in  boiling  water,  which  on  cooling  deposits  crystals  of  narceine. 

Narceine  thus  obtained  sometimes  contains  sulphate  of  cnlcium  ;  it  may  be  purified 
by  dissolving  in  alcohol,  decolorising  with  animal  charcoal,  and  reciystallising  from 
water. 

"Njirceino  crystallises  ia  elongated  silky  needles.  It  is  inodorous,  has  a  bitter  and 
stprptic  taste,  aissolves  sparingly  in  cold,  more  readily  in  boiling  water^i^  very  soluble  in 
afrtfhftl,  but  insoluble  in  ctfur.  The  solutions  of  narceine  slightly  deflect  the  plane  of 
poluriMJition  of  a  luminous  ray  to  the  left ;  [o]  =  —  6*67°. 

Narceine  melts  at  92^,  and  solidifies  in  a  crystalline  mass  on  cooling.  It  tarns 
yellow  at  IK)**,  and  decomposes  at  higher  temperatures.  It  is  violently  attacked  by 
chlorine  and  hrontine,  yielding  very  complex  products.  Iodine  forms  with  narceine  a 
dark  blue  compound  which  is  decomposed  by  toiling  water. 

l\>ta»h,  soda  and  ammonia  dissolve  narceine,  which,  on  concentrating  the  solutions, 
is  (Irposited  in  the  form  of  an  oily  liquid. 

Strong  mineral  acids  act  powerfully  on  narceine  and  dt compose  it;  the  same  Bcida 
when  dilute  combine  with  it  and  form  salts. 

Thosufphate  forms  tufts  of  needles  much  rrscnibling  the  free  base.     It  is  sparingly 
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In  iKtilln^  trntrr   The  niimt  ffpttfttM  from  a  hot  aolntioa  in  rttdiutiug  group «i 


mikUr  and 

(Ml   100°) 


n  cold  water. 

^<>MIC1  (at  100^)  cryfttalliflM  sometimes  in  oonc^ntricaUj 

'^     '  V    i  **.    Th©  crvBlala  jire  rery  soluble  in 

/./vjrf^a/tHfl/r ,  C»H»NOMia.PtCl* 

I  ...    .     , i  „  ^— : ^iilorida  to  hydrocMomto  of  narccine, 

wdiT,  or  in  sinalL  pmmatic  cr^'stols  (analjffiis,  41'0  per  ccnt^  C,  i'6  U^ 
.  R ;  c^c  412  C,  4  5  H  nnd  14-7  Ft). 

An  alkaloid  prodncwl  by  the  action  of  iralpbone  ^id  and  pemxid© 
of  l**»d  on  najvotine.  It  i«  diBaolved  by  strong  Biilphuric  acid  u-ith  a  fine  red  colour,  and 
by  nitric  acid  nith  a  flue  ypllow  colour.  By  the  prolonged  action  of  the  oxidising 
mixture  it  appears  to  be  coaverted  into  opianic  acid.  (Mure hand,  Berx.  Jahre»ber. 
r.  607.) 

WAMCtTXM  Bk    A  Bubatance  poaaeastng  emetic  properti(?s,  contained  in  tbe  white 
i^sus.     (Jourdain,  R6p.  Pbaxm.  [2]  xrL  338.) 

MAXCOOBWXWS*  Whf^n  a  solution  of  narcotinA  in  hydrochloric  acid  i»  boiled 
wiih  pUtioic  chloridt*,  the  product  ffi'nerally  fomicd  is  chloroplatinatc  of  cotamiuc, 
S<)m«»(im*'ft  howevt^r  another  plitiauni-sult  k  formed,  rrystsiUising  in  long  light  yellow 
ne»»«llos.  Tliis  mU  i^  <<iinr,osed  by  Blyth  (Ann.  Ch.  Pharra.  L  29j  to  Ihj  the  ehloro- 
pkliniitoof  a  di-  id,  iiartx*^mine.     As  however  this  fult  iiS  decompofted  bj 

ammonia  into  chi  u-  of  nnrcotinc  which  is  pn^-ipitat^U  and  chloroptulinate 

of  cotarnine  which  rum^im^  dis6oIrcd«  it  ia  probably  merely  n  double  aalt  composed  of 
thr*  ehlorof<Utioat£s  of  narcotine  and  cotamine. 

MAMCOT^tnm.    8yn.  with  NARcrrnm. 

WARCaTZC  ACm.  An  acid  £aid  to  bo  formed  by  boiUng  narcotinc  with 
|M»t!ibh.     It  :j|  ]    Liir^  I*   differ  from  narcotine  only  by  the  elements  of  water  (p.  27). 

ITAJiCOTZiffE,  C-'H^NO*.  (Derosne,  Ann.  Chiro.  xlv.  257;  Robiquct,  Ann. 
Ch.  Phye.  r.  27o:  Dnmaa  and  Pelloticr,  ibid.  xiiv.  188;  Pclleticr,  ihid.  I  269; 
Licbitf,  Ann.  Ch,  Pbarra.  ri.  3a;  R.  Brandes,  iVu'd  ii.  274  ;  Conerbe,  Ann.  Ch» 
PhyB.  lix.  160  ;  Re  gn  an  It,  fVd,  Ixviii.  137  ;  Wohler,  Ann.  Ch.  Pharm.  L  1 ;  Bly  th, 
thuf.l29;  Wcrthoim,  tW.  ixx.  71;  Ixxiii.  208;  Anderson,  ihid,  Uixti,  179; 
MatthelBsen  and  Foster,  Phil  Tranfl.  1863,  p.  345  ;  ClM-m.8oc  J.  xvl  342.— Gm. 
xvi.  135  ;  Gerh.  iv.  67*) — Thia  alkaloid  is  contained  in  opium  to  the  amount  of  6  or  8 
per  cent,  and  was  the  first  base  extracted  from  that  sobstanec.  It  was  discoTercd  by 
Deroane  in  1804,  and  went  by  the  name  of  9ti  dt  Davme^  till  ita  baaie  character 
waa  demon.stnited  by  R  obi  que  t  in  1807. 

Prrpnration, — L  From  the  coloured  uncrptaliisable  mother-liquors  obtained  in  Iho 
preparation  of  morphine  by  Gresrory's  proccaa  (iii  1051).  These  mother-liquors  an* 
diluted  with  water,  filtered  if  ^-  ^  —  md  treated  with  ammonia  as  long  aa  a  pre<.npi- 
tate  continues  to  form  ;  and  :  ito  is  collected  on  a  cloth  filter  and  presaed. 

It  is  granular  at  first,  but  ber<^  jub  if  left  under  the  press  too  long.     It  should 

therefore  be  quickly  removed,  »u«pended  in  water,  and  pressed  agnin,  the  treatment  being 
repeated  eereral  tim^-a.  The  precipitate  contain*  narcotine  together  with  a  considerable 
quantity  of  resin  and  a  little  thebaine ;  the  mother-ltqnor  contains  narceinc  and  may 
l>e  usM  for  preparing  that  base.  A  portion  of  the  precipitate  is  now  to  be  boiled  with 
rrctified  ppirit  and  the  solution  filtered  hot ;  on  cooling  it  dejxisits  strongly  coloured 
crysliils  of  narcotine,  which  are  collected  on  a  cloth,  pressed,  and  washed  with  a  little 
alcohob  The  moUier-liqaor  of  these  cry*ital«  serves  to  disaolre  another  portion  of  the 
^recipitnte,  and  in  this  manner  the  proccf^  is  continued  till  the  whole  isdisaolTed,  The 
impure  crystals  of  narootin^  are  next  ringed  with  strong  potash-ley,  washed  with  wmter^ 
and  cr3rstiilli8ed  from  boLting  alcohoL  The  alcoholic  liquor  from  which  the  first  highly 
colotirtKi  crystidH  of  narcotino  were  deposited,  contains  much  resin,  a  Utile  narcotine  and 
all  the  thebaine  of  the  opium^  and  may  be  used  for  the  preparation  of  that  alkabVd. 
(A  nderson.) 

2.  Narcotine  may  be  extracted  directly  from  opium  by  trenting  that  substanee  with 
ether.     The  solution  left  to  orapomte  deposits  oarcotine  in  the  crystallised  state. 

/Vo;>crf^j.— Narcotine  crystalltiiea  in  nght  rhombic  priftms  or  in  needles  grouped  in 
bundlea,  fiattened.  colourless,  transparent  andlnstroua.  It  meltn  at  170*^  and  soltdiriea 
aguin  at  13CF^  in  the  erystnllinc  oramorpbona  stale,  according  as  the  cooling  i^jstow  or 
mpid.  It  is  insoluble  in  cold  tpaier;  boiling  water  dissolrea  —^  of  it.  Alcokoi  and 
rMf^r  disM>l\e  jt,  but  not  verr  freely.  According  to  Duflos^  it  dissolres  in  100  pts. 
cold  and  20  pts.  Ixiiling  ttlcoliol  of  85  percent  ,  in  12G  of*,  etild  an<l  48  pts.  boiling 
rlhcr  of  i^perific  Rrarity  i»*735.  The  solutioni  are  bitter  and  destitute  of  iilkaline  reactiou. 
Nareotinc  disscilres  in  2  6  pts.  cAloroform  (Pet  tenkofer)^  in  60  pis.  acctw  tthtr 
(Henry),  also  in  oitf^  both  fixed  and  Tolatile. 


26  NAltCOTINE. 

The  alcoholic  or  ethereal  solntion  of  narcotioe  deflects  the  plane  of  polarisation  of  s 
Inminons  ray  strongly  to  the  left ;  [a]  c.  —  13(P  6'  nearly.  Adds  modify  the  rotatory 
power  considerably,  altering  the  deviation  from  left  to  right  (Bonchardaty  Ann. 
Ch.  Phys.  [3]  ix.  213.) 

Karcotine  is  not  dissolved  by  c&nBticpotash  or  aminonia.  Its  solutions  do  not  pro- 
dace  a  bine  colour  with  ferric  salts,  a  character  which  serves  to  distingaish  it  nom 
morphine.     (See  also  the  reactions  with  Sulphuric  and  Nitric  Acids,  infra,) 

Narootine  acts  as  a  narcotic  poison,  though  not  io  powerfully  as  morphine ;  1*5  gnn. 
of  it  is  sufficient  to  kill  a  dog  in  a  very  short  time. 

Kaxcotine  contains : 

MutthiMMo 
Calculated,  Ltebig.       Pelletier.      Regnaolt.    Hofmann.     and  Fotter. 

C«  264  63-92  6i09  6391  6425  64-63  63*79 

H«  23  6  67  6-60  6-46  6*96  621  681 

N  14  3-39  2-61  431  3  49  330  8-32 

O'  112  27*12  27-90  2633  2630  2696  2708 


C«H»NO'   413       10000       10000      100*00       100*00       10000       10000 

The  composition  of  narcotine  was  first  determined,  to  the  g(*neral  satis&ction  of 
chemists,  by  Bly  th,  who  in  1844  proposed  the  formuhi  C**H^NOy  or  C=■H»NO^  sup- 
porting it  by  numerous  analyses  of  the  cbloroplatinate,  and  showing  at  the  same  time 
that  it  acconled  well  with  the  most  trustworthy  results  of  previous  investigations,  and 
accounted  satisfactorily  for  the  most  important  transformations  of  narcotine,  especially 
its  resolution  under  the  influence  of  oxidising  agents,  intoopianic  acid  (C'*H'H)*)  and  co- 
tamine  (then  regarded  as  C'"H'*NO*).  Accordingly  BIyth  s  formula  was  for  a  long  time 
regarded  as  expressing  correctly  the  composition  of  narcotine.  "Wertheim,  however, 
in  1851 — ^founding  his  opinion  chiefly  on  the  composition  of  the  volatile  bases  obtained 
bv  distilling  narcotine  with  potash,  some  specimens,  according  to  his  observations, 
yielding  methylamine,  some  ethylamine,  and  others  tritylamine — maintained  the  exis- 
tence of  two  additional  varieties  of  narcotine  homologous  with  that  examined  by 
Bly  th,  and  represented  respectively  by  the  formulae  C«S"NO'  and  C**H*^0';  while 
Hinterberger  (Ann.  Ch.  Pharm.  Ixxxii.  312)  analysed  a  compound  of  mercurie 
chloride  with  what  he  considered  a  fourth  variety  still  homologous  with  the  preceding, 
and  represented  b^  the  formula  CH^NO'.  Matthiessen  and  Foster,  on  the  other 
hand,  found  that  six  samples  of  narcotine  prepared  firom  different  kinds  of  opium,  Tur- 
kish, Egyptian,  and  Persian,  yielded  results  agreeing  veiy  nearly  with  the  formula  above 
given,  the  difference  between  the  highest  and  lowest  quantities  of  carbon  in  the  analyses 
amounting  to  only  0*63  per  cent.  Hence  they  conclude  that  there  is  no  sufficient  evi- 
dence for  the  existence  of  more  than  one  kind  of  narcotine,  and  that  it  is  more  probable 
that  one  and  the  same  narcotine  (since  when  distilled  with  hydriodic  acid,  it  yields 
3  at  iodide  of  methyl,  p.  27)  may  3deld,  by  distillation  with  potash,  sometimes  methyl- 
amine, sometimes  dimethylamine,  and  sometimes  tri methylamine,  which  last  appears 
to  have  been  mistaken  by  Wertheim  for  its  isomer,  tritylamine. 

Decompositions. — 1.  Narcotine  becomes  coloured  when  heated  a  few  degrees  above 
its  melting  point.  At  220^^  it  swells  up,  c;ires  off  ammonia,  and  leaves  humopic  add. 
Heated  to  200°  with  water  in  a  sealed  tube,  it  dissolves,  forming  a  reddish  very  bitter 
liquid. 

2.  Strong  svlphurie  acid'  dissolves  it,  forming  a  yellow  liquid  which  turns  brown 
when  heated.  According  to  A.  Husemann  (Ann.  Ch.  Pharm.  cxxviiL  305;  lUp. 
Chim.  pure,  1863,  p.  284),  narcotine  added  to  cold  sulphuric  add,  colours  it  bluish- 
violet  or  yellow,  which,  if  the  liquid  be  gently  heated,  changes  to  orange-red,  then  to 
violet-blue  at  the  edge  of  the  basin,  and  lastly  to  yiolet-red.  This  reaction  is  very 
distinct,  if  the  sulphuric  add  contains  1  pt.  in  2,000  of  narcotine;  and  even  if  it  con- 
tains only  1  pt  in  40,000,  a  slight  carmine  colour  is  still  perceptible,  passing  into  yio- 
let-red.— A  solution  of  narcotine  in  cold  sulphuric  add  becomes  reddish-yellow  on 
addition  of  nitrie  acid.  With  hypochlorite  of  sodium  the  same  colour  is  produced,  but 
preceded  by  a  carmine  tint.  If  the  solution  has  been  heated,  both  reagents  immediately 
produce  a  fight  yellow  colour,  becoming  slightly  reddish  after  a  while.— A  solution  of 
narcotine  in  sulphuric  add  previously  heated,  acquires  on  addition  of  ferric  chloride 
a  dark  red  colour,  changing  to  cherry-red,  which  lasts  for  24  hours  (compare  Reactions 
of  Morphine,  iii.  1052).  Dilute  sulphuric  with  the*  aid  of  heat,  transforms  it  into  a 
green  substance,  sulphonarcotide,  containing  the  elements  of  neutral  sulphate  of 
narcotine  minus  2  at.  water. 

3.  Chlorine  gas  attacks  narcotine,  especially  at  100^,  converting  it  into  an  amorphous 
substance  which  has  not  been  analysed. 

4.  In  bromine' vapour,  narcotine  is  coloured  orange-yellow;  in  iodine-vapour,  brown- 
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rilow ;  in  TJipomr  of  chiorkU  of  iadim,  TermiUiou-red  to  yeUow  (D  o  n  ti  ^).    The  ■  aU« 

r  tiARH>tiD«  ftre  not  coloured  hy  aqiteoita  iodic  add, 

fi.  Karcotine  diatilted  with  oonceiitnitcd  h^rwdk  atid  sives  off  iodide  of  methjl, 
I  in  tbc  proportion  of  9  nt  CHT  U>  1  at  Ducotifio,  (Mattuieits^ii  luid  Foster.) 
[.  %.  Aecoirding  to  unpablifih«dexperiineDtftbyHatthi€«sei]  and  Fo»tdr^  sarcottne  yieldn 
rlMR*  qtuuititjet  of  duorid^  of  mcthjl  whon  hmted  to  about  110^  with  Btrong:  aqueous 
\ik^irtf9hhrie  add.  The  resulting  solntioa  contains  an  alkaloid  which  difli*rs  from  oar- 
r«otjfiQ  in  being  pcpeeptibljr  aoluble  in  hot  wator,  frim  which  it  separates  on  cooling  aa 
)  m  efjetallioe  prrcipitute,  and  bj  it«  rendy  solnbilitj  in  iolntionj  of  the  alkalis  or  alk&lin*) 
'  carbonates.  The  compodtion  of  this  prodnct  ia  not  yet  ascertained  with  certainty,  but 
i  N'Vfml  iuialys<!«  acorn  to  point  to  the  formida  C"fl"NO'  «  C"H'«NO'  +  3HC1  — 

7*  Narcotine  ii  not  disBolrod  or  decomposed  by  dilute  aqueoiu  potash^  ercn  at  the 
I  Itoiling  h^t,  but  when  boiled  for  aonie  time  with  strong  potaah-ley,  it  forms  a  biltiT, 
I  ttiluble-,  oity  snbfitance  which  appears  to  be  the  potaasium^salt  of  a  peculiar  acid  (itar* 
€^tic  add).  An  alcoholic  M>lntion  of  potaah  dissolYes  nazcotine  in  such  quantity  as  to 
[form  a  semi-solid  mass,  Tha  acid  contained  in  thia  polaasiam-sult  cannot,  however,  be 
I  isolated ;  on  passing  carbonic  acid  gas  into  the  alcoholic  solution,  a  transparent  jelly  ia 
1  gradually  formed,  wMch,  when  washed  with  alcohol  and  suspended  in  water,  leaves 
I  crystals  of  narcotine.  Hence  narcotic  acid  appears  to  differ  from  narcottne  only  by  the 
[  tiements  of  waten 

8.  Narootine  heated  to  200* — 220*  with  hydrate  qf  pota*»iHfn  or  mdiHrn^  jg^vvos  offa 
^  Tolatile  base,  which*  according  to  the  circumstances  of  the  experiments  is  eith*  r  methyl- 
I  amine,  dtmethylamine,  or  trimethyliimine.  According  to  Hof  munn  (Ann.  Ch.  Pharm, 
I  Ijlxv,  367),  the  prodocta  Taiy  according  to  the  proportion  of  the  narcotine  and  hydr^trt 
i  of  potassium,  an  oily  alkali  boiling  at  a  much  higher  tcmpcmture  usually  floating  on  the 
[  vm^fi  of  the  trimethylamine. 

9,  Dilute  nitric  add  disaolTes  nareotine  at  ordinaiy  temperatures  without  decompo. 
[  ait  ton  ;  but  on  beating  the  solution  to^O**,  it  deposits  crystalline  flocks  of  tii^ropiaimmonf, 

the  solution  rctjuning  meconin,  opianie  acid,  bemipinie  acid,  and  (>otafnine,  the  prr»* 
i  portions  of  these  products  Tatying  with  the  degree  of  dilution  of  the  nitric  acid.     In 

this  reaction,  the  opionic  acid  and  cotaniino  mu»t  be  regarded  as  primary,  the  othi  r 
^•ubstoxices  as  secondary  products : 

Karcottne.  OpUtilc  scid*  CotATiilno. 

The  mecoDiu  might  also  be  supposed  to  be  formed  by  the  breaking  up  of  the  narco- 
f  tioc»  thus : 

c«H^O'    -   c»*n:"0*    +    c"H"no* 

Kvcotiiie.  Mecouin*  CoUrolne» 


r  at  the  ezpenae  of  tbe  opiaolc  add : 


2C"H^*0» 

OpiAnlc  «cid. 


BfecQTiln. 


I]fmi|>lnlc  «cid. 


I  The  bemipinie  acid  may  also  be  formed  by  further  oxidation  of  the  opianie  acid. 
I      Strong  nitric  add  acts  violently  upon  nareotine,  giving  off  copioua  red  fumea,  and 
f  forming  a  thick  «h1  resinous  matter,     Gerhardt  found  that  when  nareotine  is  gently 
[  heated  with  strong  nitric  acid,  no  red  raponn  are  eTolTed,  but  an  in^ammuble  gas, 
I  probably  nitrate  of  methyL 

I  10.  When  a  solution  of  nareotine  in  hydrochloric  acid  is  Iwiled  with  phiiinic  chl^mdf, 
I  the  nareotine  is  retolTcd  into  cotaroinc  and  opianie  acid,  the  pktinic  chloride  bctog  at 
Itlie  same  time  reduced  to  platinoos  chloride : 

C»H»NO'  4^  H«0  +  2PtCl*  -  C^»ff«NO>  +  C"H»»0*  +  2PtCl  +   2HC1 


Cotaraine.       0|>Uii{c  acid. 


11.  The  same  products  arc  formed  by  the  action  of  a  mixture  of  peroxide  of  metn- 
gantse  and  sulpkurtc  add  (WohlerJ.  On  one  occasion  Wohler  obtJiined  also 
apophytlic  acid  (i.  ^50);  and  by  heating  nareotine  with  peroxide  of  lead  alone^  or 
with  peroxide  of  manganese  and  hydrochloric  acid,  hemipinic  ncid  (iii*  141)  was  pax>- 
duced.  A  solution  of  sulpliaie  of  nareotine,  boiled  with  prrodds  of  lead  and  tfdpkuric 
ocfV/ added  drop  by  drop,  form*  nareotine  or  narcoteincv  (E.  Marchand:  see  p,  26,) 

12,  Narootine  does  not  reduce  ffrricyanide  of  fKytasdum  in  alkaline  solution,  and  ib 
thereby  distinguished  from  morphine,  which  reduci'S  the  red  to  the  yellow  pniftt«iMte 

[  (Kieffer*  Ann,  Ch.  Phurm.  ciii,  277).  When  heat^^d  with  absolute  aleohol  and  irHlid*s 
of  ethyl,  il  is  partially  conyerted  into  bydriodate,  but  does  not  yield  iiny  »ub«>tituliuii- 
pffoduct.   (How,  Ann.  Ch.  Phsrm.  zcii.  327.) 


28  NASTURAN— NATROCALCITK 

Salts  of  Nabootihb.  NarootiDe  dissolTes  in  acids,  bat  the  solutions  bare  little 
stability,  depositing  the  greater  part  of  the  narootine  on  evaporation  and  often  on 
addition  of  water.  Many  of  them  are  soluble  in  alcohol  and  in  ether.  They  are 
bitter,  and  redden  litmus.  Mixed  with  tartaric  acidt  and  then  supersaturated  with  an 
alkaline  hicarhonate,  they  immediately  yield  a  white  pulverulent  precipitate.  Sulpko- 
cjfanate  of  potassium  produces  in  solutions  of  narcotine,  a  deep  red  precipitate,  even  if 
the  quantity  of  narcotine  present  is  extremely  small ;  the  precipitate  is  soluble  in  a 
slisht  excess  of  the  sulphocyanate.    (Oppermann,  Compt  rend.  xxi.  811.^ 

Narcotine- salts  give  no  precipitate  with  fluosilicie  alcohol  ^iii.  1064) ;  with  phospho- 
molybdie  acid^  they  yield  a  brownish-yellow  flocculent  preapitate ;  with  phosphanti- 
monic  acid,  a  white  flocculent  precipitate. 

Acetate  of  Narcotine,  Ye>Tj  unstable,  the  solution  prepared  in  the  cold, 
depositing  narcotine  when  evaporated.  This  property  may  be  made  available  for 
separating  narcotine  from  morphine,  the  acetate  of  whicn  is  not  decomposed  by 
evaporation.  Basic  acetate  of  lead  likewise  precipitates  narcotine  from  its  solution  in 
acetic  acid. 

Chlorhydrate  or  Hydrochlorate. — Very  soluble  in  water.  Crystallises  in 
needles  from  its  alcoholic  solution  on  cooling;  or  from  the  aqueous  solution  evaporated 
to  a  syrup,  and  left  for  some  time  in  a  warm  chamber.  According  to  Liebig,  100  pts. 
nazcotine  absorb  9*62  pts.  of  dry  hydrochloric  acid. 

When  a  strong;  acid  solution  of  hydrochlorate  of  narcotine  is  poured  into  water,  a 
oemi-fluid  precipitate  is  produced  which  gradually  solidifies,  and  is  soluble  either  in  a 
a  larger  quantity  of  water  or  in  hydrochloric  acid.  A.  similar  preci^nt^te  is  formed  on 
gradually  adding  an  alkali  to  a  solution  of  hydrochlorate  of  iiurcutino.  This  precipi- 
tate contains  hydrochloric  acid,  and  is  perhaps  a  basic  hydn>chlorato  of  narcotine. 
(Matthiessen  and  Foster.) 

Chloromercurate,  C"II"NO'.HCl.HgCl  (?)  White  procipitote,  which  when 
dried  over  the  water-bath,  and  then  dissolv^  in  a  mixture  of  alcohol  and  hydrochloric 
acid,  deposits  small  crystals,  containing,  according  to  Hintorberger  (Ann.  Ch.' 
Pharm.  Ixxxii.  311),  43*64  p.  c  C,  390  H,  and  1802  Hg.  The  formula  above  given 
requires  45*1  C,  4*7  H,  and  17  Hg,  numbers  which  do  not  agree  veir  well  with  the 
analysis;  Hinterberger  assigns  to  the  salt  the  formula  C^'H**NOMlCl.lIgCl,  supposing 
it  to  contain  a  narcotine  different  from  ordinary  narcotine  (see  p.  26). 

C* /o  r  o;>  / fl  / 1  n  flf  <  f,  C«H«NO'.HCl.PtCR— Obtained  by  precipitating  hydrochlonito 
of  narcotine  with  platinic  chloride,  taking  care  not  to  add  an  excess  of  the  latter. 
It  separates  in  yellow  flocks  or  as  a  yellow  cr}'8tallino  precipitate  containing  15'80  per 
cent. platinum  (Blyth),  16-95— 1672  (Werthcim),  16-89(Regnault),  15-88(How), 
the  above  formula  requiring  16*99  piT  cent 

lodomcrcuraff. — lodomcrcurate  of  potassium  throws  down  from  hydrochlorate  of 
narcotine,  a  yollowish-white  powder  containing  2  at.  mercury  (Hg  «  100)  and  3  at, 
iodine  to  1  at.  narcotine.    (Groves,  Chem.  Soc.  Qu.  J.  xi.  97.) 

JM  (?«/)  A  a  ^co/ n  a  rco  ^tnf  is  a  turpentine-like  mass  containing  crystals  (Brand  c  8). 

Sulphate. — A  solution  of  narcotine  in  dilute  sulphuric  acid  yields  by  evaporation 
a  viscid  substance  which  gradually  hardens  ;  it  dissolves  in  water  without  decomposi- 
tion. 

Sulphonarcotide,  C"n**N*SO"  (?)  is  a  product  of  the  decomposition  of  sulphate 
of  narcotine  (p.  20).  When  narcutine  moistened  with  water  is  heated  with  dilute 
sulphuric  acid,  a  solution  is  obtained  which,  when  more  strongly  heated,  assumes  a 
danc-green  colour  and  ultimately  thickens.  No  gas  is  evolved.  On  diluting  with  water 
and  tailing,  nearly  the  whole  dissolves,  and  the  liquid  on  cooling  deposits  an  amor- 
phous powder  of  a  deep  green  colour.  It  appears  to  contain  the  elements  of  neutral 
sulphate  of  narcotine  minus  2  at  water: 

C"H"N«SO'«  -  2C»H"N0'.H«S0«  -  2H«0 

It  pive  by  nnalvsis  69*1  per  cent  C,  5*3  H,  and  3*6  S,  the  formula  requiring  59*6  C, 
60  H,  and  3  6  8. 

Snlphonarcotide  is  not  attacked  by  ammonia.  It  dissolves  in  potash,  forming  a  brown 
liquid  from  which  acids  reprecipitite  it  with  green  colour.  Boiled  with  nitric  acid,  it 
yields  sulphuric  ncid  and  a  yellow  subntanco  soluble  in  ammonia.  (Laurent  and 
(Jerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  112.) 

IKIkMTUMJkM.    Syn.  with  PiTCHDLE!n>B. 

WAT&ZUM.    Syn.  with  Sodium. 

WATXOOAXiCZTB.  Impure  carbonate  of  calcium,  occurring  at  Sangershanscn 
in  prudomorphh  after  Gay- Lussite.  Marchand  (J.  pr.  Chem.  xlvi.  96)  found  in  those 
crvttab  9-1  37  calcic  carlx)uate,  1-15  alumina  and  ferric  oxide,  2 -02  calcic  sul(>hatc,  TlU 


TROLITE— NEOLITE. 

cUj,  ami  1'34  wmtfT  (^  99'98).  A  rarietjr  coDtaitiing  biit^tie  salf^te  hoB  b^n 
cAllod  nwtfpf  by  Brpithiiupt.     8p.  gr.   ^  2$2—2%S. 

$te*n)^  Lfhuntttti,  BrtviaU. — Thii  mineral  forras  trinietric  prisms  iritb  fyraroidiil 
flammiU*  exhibiting  the  combmjition  aoP  .P.J  P  ;  al»o  with  Poo .  Katio  of  iixoa, 
a:h:t^  07165  :  I  :  10176.  Angle  odP  :  obP  »  &!«>.  OeHTtigiS  perfrcl  pAraHol 
U>  otP.  Th«»  ctj'sUIb  ftp©  ufluallj  sWnder,  oft«n  acictilar,  frequtmrly  intcrlacinp,  divHr- 
mml,  oretcIlAta.  It  alao  occttrs  fibroua,  radiating,  and  massive.  Hardness  »  5  to  &'a. 
Sp,  i;r  —  2^17  to  2*24.  Transparent  to  tranalncent.  Lustre  %itr«ous.  Colourle»8,  grey* 
jrrlioir,  sometimes  red  or  pale  green.     Streak  whit^*.     Prai;liirc  coDclioldaL     Brittlf . 

Awdyui:  a.  From  Hohentwid  in  the  Hfj^u  (Klaproth«  Hdtriigr^  t.  44), — 
A.  Anrergne:  ciy»taUi*cd  (Fuchs,  Scbw.  J.  Tiii,  353), — c»  Tyrol:  ma^sivoi  fibmim, 
reddish -wUite  (Fuchs,  itfia,). — -d,  TrcsEEa,  near  Aci  Cast ello  in  Sicily:  white,  sphericAl 
concentrically  fibrous  masses  (8,  r.  Wal tcrshansen,  Vuikanmhe  Gmttine,  p.  269). — 
r.  BreTig  in  South  Norway:  the  so-called  Brrtridt^:  cpystiilli^cd,  awrirding  to  G,  Ito-te, 
in  th«  He^  of  natrolit^  (Si^heorer,  Fogg,  Ann,  Ixr.  276  •  Ixxxii,  26  ;  cviii*  4.  6). 
/  BefymnnniU^  from  Bwrig:  rwldish-whit©  (Sch<^eror).— ^»  RadioliU^  from  Brt'rig 
(3 sheerer), — A.  LtJkunU'ie  from  Antrim  inlrehmd  (Thomson,  Mincralofft/^  i.  33B), 
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The  analyses  fl-^  may  lie  repre*enodb^  th.*  formula  Na*0,Al«0'.3SiO^,2H*0,  whiVh 
is  that  of  a  hydratcd  sijthi-labrtidorile  (iii.  450)  ;  if  the  water  be  regardtHl  asbaj«i«\  it 

may  bo  rcduec-d  to  thnt  of  an  ortUosillcato  {Na=Aii'H*)Si»0>'.  LehuntiU  {h\  m  f«ir 
as  the  anxdysis  cmx  bo  depended  upon,  appears  to  be  the  same  with  1  at^  water  aidtli- 
tional. 

An  iron-nairotiCc  haring  the  alumina  partly  replaced  by  ferric  oxide,  and  the  soda 
by  ferrous  and  nianganoiis  oxides,  occurs,  together  with  brcneltir*,  at  Bre\*ig  in 
Norwiiy,  in  dull  green,  opjique,  prismatie  crystals  and  semi'crj'etaUiii''^  plati^s  contaitiuif; 
46*54  per  ctint,  suiea,  18-94  alumina,  7'48  ferric  oxide,  14*04  soda  with  a  little  potnab, 
2*40  ferrous  oxide,  0*55  manganous  oxide,  and  9-37  water. 

Ntttrolite  occurs  in  rarities  in  amygdaloVdal  trap,  basjtlt,  and  other  allied  i\x*fcH ;  iilso 
in  seams  in  granito  or  gneiss.     It  is  sometimes  altered  to  prehuite. 

WATKOW.  Kative  carbonate  of  sodium,  Na'CO^jOH^O  (see  Cahbokatks,  i.  imi 
yatroH  is  n\m  the  German  name  for  soda. 

irATS07i'-SPD1>VllS£V]:.     Syn.  with  OiiaociASB* 
W  AITKJkirir ITB.     Nut  i  ve  Helen idc  of  s LI y or  ( s ee  SitT«n). 

ITKCTAM*  The  sweet  juice  which  collects  in  the  nectaries  or  discs  of  vnrious 
tlower«.     It  Tip  pears  to  be  chit-fly  a  solution  of  caiic-swgnr  and  uucryslallisable  sugar, 

vlii:i>liC->OS£.     Natire  snlpl^de  of  bismuth,  ^<^^<l»  ^^^  copper  (see  Anci;i>mv 
i,  37) 
ir£mi>Xiii'&PA,s.    A  variety  of  Arragonlte. 
xriSEX>i.i:-&ToxrB.    Se«  Scolmcit* 

KSrSXifVE.  Syn.  with  Ni£FBcux(p.  30). 
irOPtAXiXTIl.  8yn,  with  Bmcite  (I  681 )« 
2f  liOCTZSSS.     See  .Sconotirrs. 

srxOXtlTE*  A  mineral oecttrring  in  minen  at  Arendal  and  Eisenach,  in  stilhitc 
groups  of  isilky  fibre*,  also  mas«tive»  with  grwn  colour  and  wilky  or  earthr  luftn*. 
Hardnesn  =>  l  to  2.  Specific  gravity  —  277  (p'rfeclly  dried),  Th*>  foUowins 
analyses  are  by  Scheerer  (Pogg.  Ann,  Ixxi.  285): 

Si&f,       AMO».        Mg'O.      Fr^O,      Mn^O.      Ca'O,        tVO, 

1,  Arenda!        52-28         7*33       31*24       379       0  89       028       40 i      .=     99  8.1 

2.  „  47*35       1027       2173       7*92       2  64        .     .       O'iS      =     9«)  19 
a  Eisenach      51*25         0*32       29  92       0-80        .     .       1*92       C"5a     =     99-71 


so  NEOPLASE-NEPHELIN. 

The  mineral  may  be  regarded  as  a  mixtare  of  the  isomorphoas  compoands 
6R»0.6SiO«.2H»0  and  6R*0.4All*0'.2HK),  the  alumina  and  sihca  replacing  one 
another  in  the  proportion  of  2A11K)»  to  3SiO*  (see  iii  433). 

Neolite  is  a  recent  formation  produced  by  the  agency  of  infiltrating  waters  passing 
over  rocks  containing  magnesia. 

WBOV&AJUB.  Native  ferzoso-ferric  sulphate  found  at  Fahlun  in  Sweden :  syn. 
with  BoTBTOOBN  (i.  661). 

WBOTOXXTS.  A  black  or  brown-black  amorphous  mineral,  occuring  at  Gas- 
bole  in  Finland,  and  apparently  produced  by  the  weathering  of  other  minerals.  Con- 
tains, according  to  Igelstrom,  35*69  per  cent,  silica,  25*08  ferric  oxide,  24*12  manganic 
oxide,  0*40  alumina,  2*90  ma^esia,  0*55  lime,  and  10*37  water  (»  99*11).  When 
heated  before  the  blowpipe,  it  gives  off  water,  but  does  not  fuse.  {Rammdsberg' $ 
Mineraichemiey  p.  864.) 

A  variety  of  natrocalcite  containing  baiyta  (p.  28). 
•  Sommite,  CavoliniU,  BeudaniU. — Elaoliie,  FttUCetfif  Pierre 
grasse,  A  silicate  occurring  in  prisms  belon^g  to  the  hexagonal  system,  and  exhibit- 
ing the  combination  oo  P  .  oP  .  P  (fig.  240,  ii.  139),  mostly  however  without  P ;  occa- 
bionally  also  with  the  faces  ooP2,  <x>P|,  and  others.  For  P,  the  length  of  the  vertical 
axis  is  0*8376.  AngleP:  P  in  the  terminal  edges  -il39<'  19';  in  the  Literal  edges  »  88°  6'. 
Cleavage  imperfect  parallel  to  oP  and  <x>P.    Also  massive,  compact,  and  thin  columnar. 

Hardness  —  5*5  to  6.  Specific  gravity  2*5  to  2*64.  Lustre  vitreous  to  greasy. 
Colourless,  white,  or  yellowish ;  the  massive  varieties  also  dark  green,  greenish  or 
bluish-grey,  brownish  and  brick-red.  Transparent  to  opaque.  Fracture  sul^nchoi'ditl. 
Brittle. 

The  name  nephelin  includes  the  colourless  crystallised  varieties ;  daolitef  the  coarse 
massive  varieties,  with  a  greasy  lustre. 

Before  the  blow-pipe,  nephelin  melts  with  difficulty  to  a  vesicular  glass;  elsBolite 
easily.  Both  dissolve  slowly  in  borax,  and  give  with  cobalt-solution  a  greyish-blue 
colour  on  the  fused  edge.    Both  gelatinise  easily  in  acids. 

Analyse*. — 1.  Of  Nephelin.  o. From  Vesuvius  (Scheerer,  Pogg.  Ann.  xlvi. 291 ; 
xlix.  859). — b.  From  the  dolerite  of  the  Katzonbuckel  in  the  Odenwald  (Scheerer, 
loc.  eit.). — c.  From  Lobau  in  the  Lausitz  (Heidepriem,  J.  pr.  Chem.  1.  500). 

2.  Of  £  1  as  o  I  i  t  e. — a.  From  Fredriksvam  in  Norway  (Scheerer,  loc.  ciU), — b.  Brevig 
in  Norway  (Scheerer). — c.  Miask  in  the  Ural  (Scheerer). — d.  Magnet  Cove,  Arkan- 
sas (Smith  and  Brush,  Sill.  Am.  J.  [2]  xvi.  865): 
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Scheerer  found  also  a  trace  of  sulphuric  acid  in  nephelin ;  Bromeis  found  a  trace  of 
chlorine. 
The   preceding  analyses    lead  to   the  formula  4M«0.3SiO«  +  2(2Al*0».3SiO*)    « 

SiAilWO",  or,  as    most  of   the   analyses  give  1  atom  potash  to  8  atoms   soda, 

S'i*i3l«(JKiNa)«0".    The  quantity  of  lime  is  variable  and  insipificant, 

NepheUn  occurs  in  crystals  in  the  older  lavas  of  Vesuvius,  with  mica,  idocrase,  &c. ; 
also  at  Cape  di  Bove  near  Rome,  and  the  other  localities  above  mentioned.  Elaeolite 
is  found  imbedded  in  th e  zircon-syenite  of  Breviff,  Stavem,  and  Fredericksvam  in  Nor- 
way ;  also  with  felspar,  mica,  zircon,  pyrochlore,  &c.,in  the  Ilmen  mountains  in  Siberia ; 
also  at  Litchfield,  in  the  State  of  Maine,  with  cancrinite;  and  in  the  Ozark  mountaina, 
Arkansas,  with  brookite  and  schorlemite. 

Nephelin  and  el»olite  easily  undergo  alteration,  producing  zeolitefi,  such  aa 
Bergmannite  or  Thomsonite ;  the  large  amount  of  soda  in  these  minerals  fits  them 
especially  for  this  mode  of  transformation. 
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OimcktUy  tk  tniBeml  occurring  in  grpeni^ih-grey  six-8id«d  priums  having  a  gi^a^r 
lustre.  huB  b«en  ibowo  bj  Blam  to  be  a  paendomorph  after  tliis  epiK-ies,  differiag  from 
it  mcrclj  In  cont&iniag  488  per  cent^  water*  Blam  also  considers  liebenerite  (iii.  589) 
MM  4  shiiikr  p^cadomorph.     ElsBolite  bus  been  observed  altered  to  mica. 


Jadi  in  part,  BeiUtdn. — A  bard,  compact,  light  green»  bluieh,  or 
whitifth  stone,  trHnslacoot^  tongb,  bm&king  with  a  upHutery  fracture  and  glisteniuitBttr- 
faw.  Hardness  —  6—7,  Specific  gravity  ••  2  9 — Z'\>  It  belongs  to  the  norti- 
blende  family,  but  varies  in  cotoposition,  and  is  not  a  distinct  tninerul  species. 

AnaJj^fes:  a,  b,  r.  From  the  East:  a.  Eastner  (Gebleii'»  J.  ii.  469),— 5.  Schuf - 
hautl,  AoiL  Cb.  Ph&rm.  xItL  838)*— <•.  Ram  me  Is  berg  (Pogg.  Ann.  Ixii.  H8). — 
iL  Dam  our,  Ano,  Cb.  Pbya.  [3]  rvi.  469). — e.  Sobeerer  (Pogg.  Ann.lxaxiv.  379).— 
/♦  From  New  Zealand:  Punamasinne;  green  (Scbeercr,  Ah*,  cit,): 


a. 

b. 

e. 

rf. 

e» 

/ 

Silica    . 

.  50'6O 

58-88 

64  68 

68-24 

67-38 

6710 

Alumina 

.  10-00 

166 

,     , 

,     , 

068 

0-72 

Ferrous  oxide 

.    605 

263 

216 

1  14 

1-35 

3-39 

*     >     > 

0*80 

1  39 

Kagneaia 

.  31-00 

2-239 

2601 

2714 

25-88 

23*29 

Lime     .        .        . 

•     *    » 

1261 

1006 

1194 

12'20 

1348 

Potash 

•     •     - 

0  80 

Water  . 

.    2-75 

0-27 

0-68 

»     • 

2-55 

250 

Chroinic  oxide 

.     0-05 
99  35 

98-46 

9974 

100-97 

10004 

100'48 

If  the  first  analysis  be  lefl  out  of  consideration,  nephrite  appears  to  hdve  nearly 
tlu'  composition  of  tremolite  (see  HoRirBLXXDK,  iii.  169). 

Nephrite  occurs  in  connection  with  taleoae  rock  or  slatn  and  granulur  limestone.  In 
China,  New  Zealand  and  North-west  America^  it  is  worked  into  images  and  ornaments. 
The  name  is  from  v€pp6s  a  kidn*:>y,  the  stone  haring  been  formerly  supposed  to  be  a 
cure  for  dise^isoa  of  the  kidney. 


I.OX»S,  Otlt  or  BS8BWCS  OT,      Oil  of  Oranffe-Jha^era, — A  volatile   oil 
obtained  l«y  distilling  oraiige-flu^ierH  Mrilh  water.     It  is  nearly  colourless  when  fresh, 
but  soon  turns  red  on  exposure  to  light.     According  toSoubeiran  and  Capital  tie 
(J.  Phano*  xrii.  610),  it  is  composed  of  two  distinct  oils,  one  of  which  has  a  very 
fragrant  odour,  and  dissolves  abundantly  in  Ibe  orange-flower  water  which  passes  over 
in  the  distillation,  while  the  other  is  nearly  insoluble  in  water,  and  oct'urs  only  in  the 
oily  |>ortion  of  the  distillate.      The  first-meu tinned  oil  is  reildj'ued  by  aniphnric  acid, 
nd  communicates  this  property  to  the  entire  e<*senee.     Aoj^ording  to  Dubereiner,  oil 
f  neroli  produces  a  peculiar  acid  by  contact  with  platinum- black.     Nitric  acid  colours 
he  oil  brown. 
Neroli-camphor.     According  to  BoullaT  (J.  Pharm.  xiv.  496)  and  PI  is  son  (ibid. 
'  XT.  162|  XX.  63),  oil  of  neroli  mixed  with  alcohol  of  90  per  cent,  deposits  a  solid  snb- 
utaooe  melting  at  60°^,  insoluble  in  water,  sparingly  soluole  in  boiling  absolute  alcohol, 
verv  soluble  m  ether.    BouUay  and  Plisson  found  in  it  83-76  per  cent,  rarbon,  1509 
hydrogen,  and   \15  oxygen;  it  is  probably  a  hydrocarbon.^For  furtber  details  re- 
specting the  oil  and  camphor,  see  Gmfiina  IlandbtMjk,  xiv.  386-388» 

nrnvoiTB  TlSSim.  (Vauquelin,  Ann.  dumiis.  dlirsl  nat  1811,  p.  212. — 
Conerbe,  Ann.  Cb.  Phys.  [2]  Ivi.  164. — Fr^ray,  f'M  [3]  ii,  463. — Lassaigue, 
',  Chim.  mM.  [2]  t  344. — V.  Bibra,  Unterttwhuntf^  uht  da*  GeMm  dtM  Mmtfihtn 

\d  der  Wirhdthkrt.—yf.  Mailer,  Die  cketn.  htstandih.  dc*  CrcAimi.— Breed,  Aun. 

u  Pharm.  Ixxxtii.  p.  124.) 

The  nerroas  system  of  the  higher  animals  is  composed^  for  the  most  port^  of  nerve- 
fibres  and  nerve-ceUa  or  nerve-veaicles,  the  former  being  found  in  the  nerves^  and  in 
the  "  white  matter"  of  the  brain  and  spinal  cord,  the  latter  in  the  **  gpsyinalter  **  of 
the  same,  in  the  ganglia,  and  in  some  of  the  peripheral  organs  of  sense.  The  peculiar 
"  slectric  otgans  of  certain  fishes  must  be  considered  as  part  of  the  nervous  system  (see 
Elsctbicttt,  ii.  476).  The  nerre-fibre  consists  of-^1,  A  *' sheath/*  probably  analogous 
in  nature  to  elastic  tissue. — 2,  A  hoUow  cylinder  or  **  meduUaij  substance,"  a  mixture 
of  some  form  of  albumin  with  various  fatty  bodies^  having  a  homogeneous  appearanco 
during  lifn,  and  undergoing  a  kind  of  coagulation  after  death.  — 3.  A  central  stem  or 
i**axia'Cylinder,"  composed  of  some  protein -com  pound  or  compounds  with  little  or  no 
fat,  thought  by  many  to  bo  fluid  during  life  and  to  coagulate  Bpcmt/ine^iusty  at  death. 
There  are  also  other  **  gelatinous  "  fibres  having  a  difff*rent  structure.  The  typical 
nerve-vesicle  consists  of  :^1.  An  envelope  probably  continuous  and  identical  in  natun* 
with  the   Qcrre-flheatli. — 2.   A  nucleus  (with  nucleolus). — 3,  **Contenta,"  probably 
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composed  of  some  protein-substance  with  fatty  and  other  granules.  The  vesicles  or 
cells  vary,  however,  exceedingly  in  form,  size,  &c 

The  reaction  of  living  nerve  is  during  inaction,  neutral  (amphichromatic) ;  during 
strong  action,  acid ;  the  reaction  of  dead  nerve  is  acid  (Funke,  Arch.  Anat.  Phys. 
1859,  p.  836).  Du  Bois-Reymond  found  the  electric  organs  of  Malapterurua 
neutral  immediately  after  death,  but  becoming  acid  on  the  third  day  {ibid,  p.  847). 
Nerve-substance,  unlike  muscle-substance,  becomes  acid  when  boiled. 

The  specific  gravity  of  the  "  white  matter  "  is  1*041,  of  the  "  ^ey  "  1034. 

Fr^my  represents  100  pts.  of  cerebral  substance  as  consisting  of  80  water,  t5  fat, 
7  albumin,  and  8  extractives  and  salts,  v.  Bibra  eives  75*6  percent  water,  and  from 
12  to  16  per  cent.  fat.  The  *'  white  matter  "  contains  less  water  than  the  "  grey,'*  the 
mean  of  uie  former  being  73  per  cent,  of  the  latter  86  per  cent  The  "  whSte  "  is 
richest  in  fat,  possessing  14*8  per  cent,  while  the  "  grey  '*  has  only  47  per  cent 
(Lassaigne).  According  to  v.  B  i  b  r  a,  the  spinal  cord  contains  less  water  and  more  fat 
than  the  brain,  viz.  66  per  cent,  of  water  and  26  per  cent  of  fat,  while  the  nerves  again 
have  less  water  and  more  fat  than  the  spinal  cord,  though  the  quantities  seem  to  vary 
excessively.  Schlossberger  (Miiller's  Arch.  1 868,  p.  309 )  gives  the  brain  of  foetus 
as  containing  from  879  to  92-6  per  cent,  of  water  and  from  1*6  to  3*7  per  cent  of  fat, 
results  very  closely  agreeing  with  those  of  v.  Bibra. 

In  100  pts.  of  fresh  brain,  Breed  found  0*027  ash,  in  100  pts.  of  which  were:  — 


Phosphate  of  Potassium    . 

.     55-24 

Chloride  of  Sodium.. 

.    474 

^          „  Sodium 

.     22-93 

Sulphate  of  Potassium 

.    1-64 

„Iron     . 

.       1-23 

Phosphoric  acid  (free) 

.    915 

„          „  Calcium 

.       1-62 

Silicic  acid 

.      -42 

„          „  Magnesium  . 

.       3*40 

No  department  of  physiological  chemistry  has  been  so  little  studied,  or  studied  with 
so  little  profit,  as  that  of  the  nervous  tissue.  Exact  knowledge  concerning  the 
protein-compounds  in  it  is  wholly  wanting.  The  substance  forming  the  axis-cylinder 
seems  to  belong  to  the  same  series  as  fibrin  and  83'ntonin  (myosin)  ;  it  differs  from  the 
former  by  its  insolubility  in  a  solution  of  nitre,  from  the  latter  by  its  insolubility  in 
dilute  acids.  The  protein  constituent  of  the  medullary  substance  and  of  the  cell-con- 
tents seems  to  be  some  form  of  soluble  albumin.  It  has  been  thought  to  be  casein. 
Our  acquaintance  with  the  peculiar  fatty  bodies  is  also  very  unsatisfactory.  Besides 
cholesterin,  which  occurs  to  the  ex*tent  of  20  per  cent,  of  total  fat  (v.  Bibra),  olcin, 
stearin,  and  palmitin,  there  have  been  obtained  various  bodies  whose  nature  is  mnch 
disputed.  (See  Cerebrote,  Cbpiialote,  Myelin,  Steakoconote,  Cebebbin,  Cbrebbic 
Acid,  Oleophosphoric  Acid,  Glycebophosphohic  Acid,  LEcrriiiN.) 

W.  Miiller  found  in  human  brain  a  small  quantity  of  creatine,  0*06  grm.  in 
4  pounds ;  in  ox-brain  he  found  no  creatine,  but  a  Ixxly  resembling  leucine,  together 
with  uric  acid  and  xanthine  or  hypoxantbine.  Ho  also  found  in  the  same  brain  a 
very  considerable  quantity  of  inosite,  20  grms.  in  50  pounds.  Both  v.  Bibra  and 
W.  Miiller  found  lactic  acid,  the  latter  obtaining  12  grms.  from  60  pounds.  Lor  en  z 
(Henle.-Meissner,  1859,  p.  290)  found  no  creatine,  leucine,  inosite,  or  lactic  acid; 
he  obtained,  however,  both  xanthine  and  hypoxanthine.  Herz  {ibid.  1860,  p.  311) 
corroborates  Miiller.  M.  Schultze  found  urea  and  creatinine  in  the  electric  organs 
of  the  torpedo.  Formic  and  acetic  acid  are  said  to  be  obtained  by  distillation  of  the 
watery  extract  of  brain.  The  presence  of  the  above  crystalline  bodies  indicates  a 
metamorphosis,  very  similar  to  that  which  probably  takes  place  in  muscles ;  but  we 
know  nothing  of  the  various  steps.  The  large  amount  of  phosphorus  in  nervous 
tissne  (1*388 — 1*79  per  cent  of  dry  brain-substance  according  to  Borsarelli)  ha.s 
prompted  many  to  attribute  much  to  that  particular  element  Mental  effi)rt  is 
said  to  increase  the  phosphates  of  the  urine ;  but  whether  directly  or  indirectly  is 
uncertain. 

Neukomm  (Arch.  Anat  Phys.  1860,  p.  1)  found  in  human  brain  in  various 
diseases,  leucine,  creatine,  and  inosite,  the  latter  at  times  in  very  notable  quantities. 
Tyrosine  was  invariably  absent  Grohe  (Med.  Centr.  1864,  p.  870)  found  glycogen 
(without  sugar)  in  the  brain  of  a  diabetic  M.  F. 

jrsvSO&ZTS.  A  fibrous  mineral  from  Stamstead  in  Lower  Canada,  containing, 
according  to  Thomson,  73*00  per  cent,  silica,  17*36  alumina,  3*26  lime,  1*6  magnesia, 
and  4*3  water. 


Syn.  with  Iridosmixe  (iii.  324). 

Manganic    hydmte  (iii.   810)  from  Neukirchen  in  Alsaci^ 

where  it  forms  a  coating  on  red  hsematite. 

xrZCBH'S.     See  Chloroniceic  Acid  (i.  921). 


NICKEL. 

V^tCKBIU.     S^mlMfs  and  Atomic  Weights,  Ni   =^   29  37 ;  Urn    •   /»8'74, 

ThiD  mplAl  Lfl  cItxM'ly  nllied  to  irun  iiud  cobalt,  and  is  assooiiited  ivith  them  in 
nifttNirit^a  tia  wrll  ns  in  mr>st  of  its  lerrestrijil  ore*.  The  principal  ore  of  nickel  ia 
the  proto-arBcmdo,  Nni'A^,  u  copp^ir  coloured  mineral,  to  which  tlio  German  miners, 
hnving  in  rain  atirroptwl  to  extract  copper  from  it,  gave  tlw  numo  of  Icupfcr^nickd^ 
or  falee  coriprr.  Thi»  mincrul  vra»  found  by  Croufitedi,  in  1761,  to  contain  «  peeuliiir 
xaeXid  which  he  called  luckcl. 

Niektfl  Also  occurs  w  tliuriwuido  {whUt  nickd  pyriUt  or  ohantkiie);  arsenate 
{nii€'i'tl-6loom  or  artnabcrffilf);  antimonide  (f^reithauptiU);  arftenio-siilphide  (gtrs- 
dorJiU  Of  fi<t'jt'c/-^/afice);*  tintimonio-ttulphide  (uUmamte);  u  oxide,  anlphlde  (atpii^ 
lary  pyrtUs  ot  miUeri(t\  sulphide  of  nickel  and  bismtith  {grunauite\  sulphide 
of  nicki'l  and  iron ;  carbomit«  {fmtrcld'Hickd)^  aulphate  {pjfr^ymdin)  and  fiiiicate 
{^pttmlHc), 

PfTjHiraiion^ — Principally  from  copper-nickel  and  from  speUs.  Spcias  is  a  depoilt 
formed  in  the  pota  in  wliich  roasled  araenide  of  cobalt  mixed  iiritb  ooppfr-nickel  it 
fust'd  witb  carboiiiit^  of  potai»iam  and  pounded  quartx^for  the  preparation  of  smah  in 
tbts  blue*colbur  works;  it  collects  below  tlie  bine  glass  in  tho  form  of  a  metalli<< 
alloy,  the*  nickel  not  oxidising?  so  easily  in  roasting  as  the  cobalt.  It  contains,  besides 
nickel,  principally  iron,  cobalt,  manganc«c,  bian.uth,  antimony^  arsenic,  and  eulphur. 
tThe  following  are  acme  analyi^es  of  speiss:  a.  of  unknown  origin  (BertUier);  b, 
from  Bohemia  (Antbon,  J.  pr  Chr>m,  ix«  12);  c.  frrjm  Henmnger*a  Oerman-silTer 
works  t  this  sample  has  been  previously  purided ;  its  strtictiire  waa  ooanely  lamioar. 
(Francia,  Fogg.  Ann.  1.  519.) 

Ki.       Co.       Fe.       Cu«     BL        dbt         Ai.         S.     Siind. 
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*.     36-2     13      I'l      1'6    2V6      •     .      299     6*9     .  .     =        98'4 
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Tlie  copper- m'cktl  or  the  speisa  is  generally  roasted  in  a  state  of  powder  (at  a  gentle 
heat  at  finite  to  prevent  it  from  boJuiig  together),  whereby  the  greater  part  of  the 
arsenic  is  removed,  the  nickel  oxidated,  and  a  saving  of  nitric  and  thus  effected  in  tb9 
aobeequeot  treatment.  Since,  however,  the  roaitting  proeesa  leaves  a  portion  of  the 
arsenic  combined  with  the  nickel  in  the  form  of  arsenic  acid,  the  roasted  ore  must  be 
aeveral  times  intimatily  mixed  with  charcoal  duat  and  again  roasted,  aa  long  aa 
VApourt  of  anenio  continue  to  be  evolved.  Erdmann  moistens  the  roasted  speisa  with 
water  and  places  it  in  a  cellar  for  aome  time,  whereby  it  is  rendered  moio  easily 
soluble. 

The  furtljer  sepantion  of  the  arsenic  and  other  metals  may  be  cflbeted  by  one  of 
thi'  follo^i^ng  ppocesaee: 

L  Lankier  dissolves  the  roasted  copper-nickel  or  the  speiss  in  nitric  acid,  passes 
sulphuretted  hydrogen  tlirotigh  tlie  dilute  acid  solution  till  all  the  arsenic,  eoppeVp 
bismuth,  and  antimony  are  precipitated  ;  then  fllterB;  |»reeipitates  all  tbii  iron,  cobalt, 
and  nickel  with  carlHinatc  of  ftodium  ;  wa^hei  the  precipitate  thoroughly,  and  lr»'ats  it 
first  with  oxalic  acid  and  then  with  ammonia,  as  describi^  with  reference  to  the  prepara^ 
lion  of  cobalt  {L  1040),  repeating  the  Bolulion  of  the  nickel-oxalate  in  aqueous  ammonia, 
till  the  liquid  which  stands  above  the  resulting  precipitate  no  longer  exhibits  a  rose- 
colour,  and  is  almost  wholly  free  from  cobalt. 

2.  Berthier  dissolves  roamed  speisi>t  or  roasted  copper-nickel — together  with  the 
qnaniity  of  iron  found  by  previous  cxperimculH  to  be  necessary  for  the  separation  of 
the  anwnic  add— in  boihng  Qitromuriatic  acid  coBtaining  excess  of  nitric  ncid ; 
efaporatee  the  solution  to  dimness;  ti-eatt^  the  residue  with  water,  which  leaves  a  large 
quaiitit)^  of  ferric  arsenate  undissolved  i  and  adds  carbonate  of  sodium  to  the  filtrate, 
stirring  all  the  while,  till  the  precipitate  begins  to  exhibit  a  green  tint :  the  whole  of 
the  ferric  arseoate  in  thereby  thrown  down,  together  with  part  of  the  cupric  oxide.  If 
the  precipitate,  which  is  w^te  at  fimt,  does  not  ultluuitely  turn  brown,  it  is  a  sign  that 
the  quantity  of  ferric  oxide  present  is  not  sufficient  to  carry  down  the  arsenic  acid 
with  it;  consequently,  more  ferric  chloride  muiit  be  addect  and  the  ferric  oxide 
sguin  cautiously  prvcipitated  by  carbonate  of  sodtum.  The  filtrate  is  next  treated  with 
sulphydric  acid  to  precipitate  (he  rt«t  of  the  copper;  the  liquid  filtered  from  the 
sulphide  of  copper  is  cOfH^letely  pirecipitated  at  a  boiling  licit  by  carbonate  of 
■odiuro  :  the  precipitate,  constating  of  the  carbonates  of  nickel  and  cobalt,  thoroughly 
washed  and  diffus^  in  water ;  chlorine  gas  pase»ed  through  the  liquid  as  long  as  it  is 
absorbed;  the  solution  exposed  to  the  air  to  allow  the  excess  of  chlorine  to  evaporate, 
and  then  Altered,  The  filtrate  contains  chloride  of  nickel  free  from  cobalt ;  it  may  be 
precipitated  by  an  alkali. 

3<  Koasted  speiss  ia  digested  in  hydrochloric  acid,  which  leaves  nothing  undissolved 
but  3  or  4  per  cent,  of  solphnt,  and  a  few  granules  whkb  have  retained  their  metalliQ 
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Btale;  tlie  laqnifl  is  dilufed  willi  wattr,  and  Sfepfiratftl  by  filtrati<in  from  tlia 
pr«*ipilal(-il  oijfhloi'iJe  of  LLmiulh  ;  the  ftUruto  lu^at^d  lo  the  boiling  paint ;  iitjupoua 
ferric  chI«>riJ«  added  to  it,  and  tbi»a  milk  of  lirac*  in  pmall  iwi-tiuiis— the  boiling 
b*nng  stilL  continued— till  a  lilte!Pt?d  sample  ^xhibit^  no  longer  n  pwlo  gre*^n,  but 
Uinph-^cTn  wlonr,  and  gives  witti  |>0ta«h  a  predpit«ti%  which,  when  lipatod  on 
L-hiitvaal  before  the  blowpipe^  yields  an  infusible  ma^B  of  (t|;Kjngy  iiieltcL  As  long  na 
the  rednced  nick**l  continues  fusiblcp  ar&onic  is  present,  and  furtlier  addition  of  lime  is 
necessary;  it  is  bo«t  to  add  the  bme  in  flight  cxedss,  in  ortlpr  to  inj<upe  fho  ctjmpl***** 
BepsiTfttitju  of  the  arsenic.  The  liquid  is  then  filteri'd,  and  the  nickel  prtcipitjttcd  by 
milk  of  lime  fw^c  from  iron,     (Erdmann,) 

4.  lJnr«:*ai't*Hl  icpiMss  i«  fused  with  sulphur  and  (larbonatc  of  potaKsiam,  na  dedcnb^d 
for  the*  prc'pttmtion  of  cobalt  {L  10 10,  4)  ;  and  ibe  r^Rulting  sulphide  of  nickd  (which 
AppcATS  free  from  xirstmic  after  one  buch  fusion  and  subsequent  waj*hing  with  water) 
i&  disaolvcd  in  nitric  acid  or  a  tnixturei  of  nitric  and  nulphurie  acids^  and  uubjected  to 
further  treatment  for  the  separation  of  hismuthi  copper  and  cobalt,  us  defHTtbiiKl  andcr 
CoBAiT.     (Wohlcr,  To^p.  Ann.  ti.  227.) 

5.  Thomson  (Aon.  Phil.  xiv.  144)  digefets  pounded  spoiaa  in  dilute  sulphuric  acid^ 
frequently  addling  iiitrie  acid  as  long  aa  jiny  action  is  thereby  produced  ;  then  decants 
the  green  £»olution  from  the  arsenioaa  acid  which  Hcpamtoa  ;  and  after  evaporation  and 
cooling,  adds  to  the  solutian  eitht-r  aulphate  of  potiissium,  or  a  quantity  of  carbonate 
aqnal  to  half  the  weight  of  the  »peiss.  The  liquid,  after  coneentmtion  and  repose, 
deposits  crystals  of  uiccol«>potassic  Knlphate^  which  may  be  fmrther  purified  by  a 
«ecoHd  crystallisiition. 

6.  ClocK  (Jahrestb.  1857,  p.  619)  dissolves  finely  pulverised  and  perfectly  ronfltdd 
copper-nickel  in  strong  hydrochloric  acid;  mixes  the  solution  with  excess  ot  acid  sul- 
phite of  sodium  ;  and  boils  till  the  arsenic  acid  is  complctt^ly  reduced  to  arsenioua  acid^ 
and  the  excess  of  sulphuroifs  add  is  driven  utT;  then  passes  sulphydricacid  gajs  through 
the  lukewiirin  liquid  to  preclpitiite  arsenic,  copwrj  antimony,  lewd  und  bismuth  ;  filters 
the  satumted  liquid  after  twelve  honre'  standing;  evuporutea  the  filtrate ;  treats  the 
residue  with  water ;  prveipitatcs  iron  und  cobalt  from  the  filtmte  by  carbonate  of 
barium  or  calcium,  ufter  treating  it  with  chlonnc  ;  and  pcmovcs  the  dissolved  baryta  or 
lime  with  siulphnric  acid.  The  tiltercfl  liquid  then  yields  with  carlxjuate  of  N>diuin  a 
precipitate  of  pure  carbonate  of  nickel, which  may  be  ignited  and  re<lueed.  The  solution 
of  »peis.s  ill  uitpo-muriittie  aeid  may  he  tretited  in  the  ^ame  manner,  after  the  nitric 
acid  has  turn  extwllfd  by  bijilinc  with  exei?»s  of  hydroL4doric  acid. 

7.  The  following  method  is  adopted  in  u  manufactor}^  at  Birmingham  for  scpamting 
nickel  mid  coltull  from  the  Hungarian  spcias,  containing  6  per  cent,  of  nickel  and  3  per 
c«nL  of  coliult.  The  ore  is  first  fused  Mith  chidk  and  fluorspar,  the  slflg  thrown  away, 
and  thr;  fiis-eil  product  is  gronud  to  powder,  and  roasted  for  I'i  hours  in  a  reif^rberatory 
furnace,  till  no  more  fumes  of  arseniouB  acid  are  given  offl  The  roasted  product  then 
dissolvt^H  almost  t'onipletely  in  hyilrochlorie  acid.  The  solution  is  dilisted  with  water, 
mixed  with  chloride  of  brae  to  convert  tho  iron  into  sesquiexide,  and  with  milk  of 
lime  to  pn  cipitiite  that  oxide  together  with  the  arsemc«  The  precipitate  (which  is  of 
no  further  ntniy)  is  then  washed,  and  sulphuretted  hydrogen  msaed  through  tho  clear 
liquid  till  a  filtered  sample  gives  a  black  precipitate  on  the  addition  of  ammonia,  Tho 
preeipitated  ^ulphidetf  (which  nre  likewise  of  na  ftirtlier  use)  having  been  washed  with 
water,  the  suhitimi  is  m-xt  treated  with  chloride  of  lime  to  precipitate  the  cobalt,  and 
tlien  with  milk  of  lime  to  throw  down  tho  nickeb  The  cobalt -prctnpitate  is  conrerted 
either  intxj  sesquioxide  by  gentJe  igniti^^n,  or  into  protoatide  by  strong  ignition,  and 
bout  iuto  the  market  in  one  or  other  of  tJiese  forms:  it  is  said  to  be  very  pure*  Tho 
precipitated  nickel  is  reduced  by  charcoal^  and  sold  to  the  manufacturers  of  Gi^rmaa 
silver,     (Louyet,  J.  Pharm,  [3]  xv.  204.) 

a*  At  Klefva  in  iSw*^den,  a  magnetic  pyrites  containing  copper  and  nickel  is  worked 
for  the  extmetion  of  the  latter  metal  The  ore  after  being  roasted  in  heaps  is  fused  in 
a  tthttfl-furnace^  with  addition  of  quartz.  The  greater  part  of  the  iron  then  passes  into 
the  slag,  as  silicate,  in  tho  treatment  of  copiK?r-ores  (ii.  24),  and  a  matt  is  obtained 
containing  about  6  per  cent  nickel,  together  with  copper,  iron,  and  sometimt.'s  a  little 
sulphur.  This  matt  ii*  red  need  to  coarse  pjwderand  roasted  in  a  reverberatory  furnace, 
then  fused  again  in  a  shafi^ -furnace.  After  a  certain  number  of  idternate  fusions  and 
c:ilciiuitions  thus  condtjctwl,  matts  are  obtained  very  rifh  in  nieke!^  llie  final  product 
Uing  an  aUoy  fomit^  of  71^—80  per  cent,  nickel,  18—22  copper,  and  1*5  to  2* 6  iron. 
This  alloy  i&  broken  up  into  small  pieces  and  sent  into  the  market  as  "  ctystoUised 
nickel."    (Felouze  tjt  Freiny,  TraiV,  3me.  cd.  iii.  6ao.) 

For  other  modes  of  preparntion  see  the  work  just  cited'  also  GmdifCt  HandbooJL 
V.  356-360. 

In  all  processes  for  obtaining  a  pure  salt  of  nickel,  the  most  difficnli  point  is  the 
fttiparatiou  of  tha  cobalt.    The  methods  of  separating  thets«  two  metals  iiaTO  bc«ii 
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lUreadjr  doaeribed  under  Coballt  (i,  1046);  tho  best  and  eiisicst  of  execution  iflp4!?hap«i 
ihiil  of  A.  Stromeycr  founded  on  tho  precipitution  of  cob&lt  by  nitrito  of  potjuHuRip 
Good  resulta  are  aljo  obtiiined  by  Licbig*B  method  with  cyanide  of  potassium  and  mer- 
(orie  oxide  («ee  further  p.  39),  and  by  that  of  H.  Robo  with  chloriuo  and  carbonate  of 
barium,  as  m  the  •ixlh  mode  of  preparatioa  above  deACribedy  vbich  yields  a  pejs 
feclly  pure  eali  of  nickel 

Rtduclion, — A  pure  solution  of  nickel  haTing  b«en  obtained  by  one  of  the  urocesacfl 
above  described,  it  is  procipituted  by  a  caufltic  alkali  or  alkaline  carbonftti' ;  tJie  bulky 
preeipitaie  of  hydrate  or  carbomtte  of  nickel  is  carefiiUy  washed ;  then  spread  out  on 
filteni  to  dry,  and  the  dejticcation  is  ftniiihr-d  by  beat.  Tho  dried  precipitate  b  then 
introduced,  eilher  alone  or  made  up  into  a  stiff  paste  with  oil,  into  a  crueibto  lined  with 
cbarcoal,  and  exposed  tothe  beat  of  apowerful  air-  or  blast-furnace,  whereby  the  metal  ia 
obtained  in  the  farm  of  a  fu»ed  rna^a.  On  tlie  large  scale  the  reduction  ie  effected  by  a 
ccaieotatioa  process,  A  number  of  cylinders  of  re&actoi^  day  are  set  Tertically  in  a 
fbniace  bo  that  the  tlame  may  play  round  them  on  all  sides.  They  are  open  ut  top  and 
terminate  below  in  truncated  cooeft,  the  bases  of  which  are  b*^iow  the  fire-bar^, 
and  are  praridiHl  with  aptTtnrc«  for  remoring  the  chaf^e.  The  dried  oiide  of  nickel, 
in  lumps  or  small  cubes  m«a»aring  about  0*02  mm.  in  tfieside,  is  mixed  with  pukeristd 
charcoal  and  Ihrown  in  at  Ihn  top  of  the  cvlinder^  nnd  tho  fire  is  strongly  urgtiL  Tho 
oxide  of  nickel  is  then  decomposed  by  the  heated  carbonic  oxido  in  the  funiaee,  the 
reduced  metal  retaining  the  ^mi  of  the  lumps  or  cubes  of  oxide  inlrudui^ed  Thn 
reduced  metal  is  dbicharged  £rom  time  to  time  through  the  orifices  in  the  bottoms  of 
the  cylinders,  a  fresh  charge  being  «t  the  same  time  introduced  by  the  top,  so  that  tho 
proctts  is  to  a  certain  extent  continuous.  To  obtain  the  metal  in  iugotSi  the  lumps 
formed  as  above  are  l^ised  at  the  strongest  heat  of  a  forge-fire. 

Metallic  nickel  may  also  be  obtained  by  igniting;  the  oxide  in  hydrogen  gas,  or  by 
banting  oxaZate  of  nickel  or  of  nicket-ammouium  under  a  layer  of  pounded  gluss  not 
ecwtainiQg  any  lu«Ty  raettd.     These  processes  yield  it  in  the  pulverulent  form. 

Nickel  may  be  obtained  in  hnlliiiiit  white  liunioae  by  the  electrolysis  of  an  ammo- 
niacal  solution  of  sulphate  of  nickel  and  anmioniiun,  (A.  C.  and  £,  Becqusrel^ 
Compt,  rend.  Iv.  18.) 

The  nickel  of  commerce  is  seldom  part,  Liissaigti«  foond  the  composition  of  thiee 
samples  from  difEbient  sources  to  be  as  foUows  t 

German 

Ij.  Thompson  (London  Journal  of  Arts,  Feb.  1863,  p.  65)  found  in  Tsnous  samples 
of  commercial  nickel  from  76  to  86  per  cent,  of  the  pure  metal  He  obtained  a  pur«r 
product  containing  88  per  cent,  nickel  by  roasting  nickel-glance  {orscnio-sulphide  of 
nickel)  with  half  its  weight  of  quicklime  in  a  cupoln-fumace  urged  by  a  blast. 

?'"  "^-''^'  —Pure  nickel  in  the  compact  state  is  silver-white,  duc!tile,  malleable,  not 
niM  isiblo  than  iron,  whicht  according  to  Deville,  it  cren  surpasses  in  tenacity. 

Ki^  mlng  small  quantities  of  carbon  is  more  fusible  than  tho  pure  metal.   Tho 

specihc  gravity  of  nickel  is  8'279,  increasing  to  8*666  by  forging.  Nickel  ia  magnetio 
at  ordinary  temperatures,  but  loses  this  power  at  260^,  rccoYmng  it  however  on 
cooling*  Nickel  previously  hwitcd  bums  in  oxyptn  gas  like  iron,  and  is  eouvertrd  into 
oxidei  Tho  pnlverolent  metal  obtaiintd  by  nAluction  in  hydrogen  at  a  low  red  beat» 
tak"  ''- "  r—^ntaneoofily  in  contact  with  the  uir.  Nickel  diJBSolves  in  hydrochloric  acid 
RL  :  iulphmic  acid  with  e^-olution  of  hydrogen,  essilj  in  nitric  and  in  «i^n>- 
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iriCKSStt  AAZ*OT8  OF.  Nickel  unites  with  other  metals^  forming  for  tho 
most  part,  white  mulK^abU^  alloys  (see  tho  several  metals )v  The  most  important  is  the 
alloy  tii  nickel,  copper  and  xinc,  known  as  German  silver  (see  Coiraii,  Aixoys  of*  ii.  61 ), 
Meteoric  iron  b  an  alloy  of  iron  and  nickel  (see  MFnoBiTsa,  iii.  377).  An  alloy  of  nicktd 
and  ttlumitiium,  AUNi,  is  ol>tained  in  lai^e  tin-white  lamiiu^^  of  m  gr.  3647,  bymelt- 
ilig  8  pts.  aluminium  with  3  pts.  sublimed  chloride  of  nickel  und  20  pta.  chloride  of 
potassium  and  sodium,  and  trv^ftting  the  r*  suiting  rejj^ulus  with  dilute  hydrodiloric  *  * 
Michel,  Ann.  Cb.  Pharm.  cxv.  102),  The  alloys  of  nickel  with  araunic  and  ;uitiii 
oecnr  as  natund  minerals, 

ITICKSXh  AJTTZBCOirXBB  OF.  AfUinumial  AVriW,  BrdthauptUf,  M^b  or 
Nni'^b, — Thid  miniral  waB  formerly  found  in  the  Andreasberg  mountaiuft,  but  has 
lon^  been  exhausted  ;  it  occurred  in  thin  hcxsgonal  phUcs,  slso  maa**ivG  and  dissem- 
inated, with  metaUic  lustre^  light  copper- red  colour  on  the  fresh  fracture  i  sp.  gr.  7'6il ; 
LudocM  6  6. 

V  2 


acid 
;uitimony 
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mCXEK,  AMTTZMOMrZO-BinbPBTBB  OF.     Sec  NicxEL-OLAycc  (p.  43). 

WZCXB&,  dAJUiBWATB  OF.  Annahergite,  h^icM-bloow,  Nickel-green, 
Ni'A80*.4H'^0  or  Nn"i*AsK)".8H*0. — This  compound  occurs  native  in  soft.,  apple-green, 
c.jpillary,  monoclinic  crystals,  also  massiTe  and  disseminated.  Hardness  =  2 "6  to  3  0. 
8p.  grr.  =  3  078 — 3131.  The  following  analyses  are— /i.  by  Berthier  (Ann.  Ch. 
Phys.  [2]  xiii.  6  ';  b.  by  S tromeyer  (Schw.  J.  xxv.  220)  ;  c,  by  Kersten  (Pogg.  Ann. 
X.  251): 

A8«0».     N|20.      Co20.     H«0. 
fl.  Allenwnt         36-8       36-2       2'6      25-6   =.    101 

b.  RieckeUdorf    3697     37-85      .    .     2432     Fe«0«  M3,  SO*  023   =-   100 

c.  Schnceberg       3830     3620     1-63     23*91     FeH)  trace  «     9994 

The  formola  requires  3841  As«0*,  37-62  NiK)  and  240  ETO.  The  mineral  occurs  on 
white  nickel,  at  Allemont  in  Dauphiny,  and  is  supposed  to  result  from  a  decomposition 
of  this  ore ;  it  is  found  also  at  Kamsdorf  near  Saalfeld,  at  Annaberg,  and  in  other  mines 
of  nickel  ore«.  It  has  occasionally  been  observed  associated  with  copper-nickel,  in 
the  cobalt  mine  at  Chatham,  Connecticut  (Dana,  ii.  418).  Respecting  the  artificial 
arsenate  of  nickel,  see  i.  313. 


rZBBS  OP,    A  veiT  small  quantity  of  arsenic  is  sufficient  to 

render  nickel  fusible  before  the  blowpipe  under  borax.     (Berzelius.) 

a.  Ni*As  or  Nni*As.  A  brittle  non-magnetic  alloy  having  this  composition,  is 
obtained  by  heating  100  pts.  of  finely  divided  nickel  in  a  close  vessel  with  excess  (200 
pts.)  of  arsenic,  or  by  heating  arsenate  of  nickel  to  whiteness  in  a  charcoal-lined 
crucible.  Ij.  Gmelin  (Handbook,  v.  388)  describes,  on  the  authon'ty  of  Plattner,  an 
arsenide  of  nickel  called  Placodin,  having  nearly  the  same  composition,  viz.  57*05  per 
cent,  nickel,  39*71  arsenic,  0*92  cobalt,  0*86  copper,  a  trace  of  iron,  and  0*62  sulphur. 

3.  Ni*A8  or  Nni'As'.  Speiss  is  sometimes  found  in  crystals  of  the  dimetric  system 
having  this  composition.  A  specimen  from  a  disused  smalt-fiimace  was  found  by 
Wo  hie  r  (Pogg.  Ann.  xxv.  302)  to  contain  62*70  per  cent  nickel,  44*06  arsenic,  1-66 
sulphur,  and  1*60  manganese,  iron,  and  copper,  the  formula  Ni'As  requiring  54*13  nickel 
and  45*87  arsenic.  This  crystallised  speiss,  which  is  sometimes  found  in  the  speiss  nm 
out  from  the  crucibles,  appears  to  be  produced  by  long  continued  fusion  of  copper-nickel 
contained  in  cobalt  ores. 

.  y.  Ni'As  or  NniAs.  This  is  the  composition  of  Copper-nickel,  the  principal  ore  of 
the  metal,  which  occurs  in  hexagonal  prisms,  oP .  o»P,  isomorphous  with  antimonial 
nickel,  having  the  length  of  the  principal  axis  b  0*81944,  more  frequently  maasiye, 
with  nearly  impalpable  structure ;  also  renifbrm  with  columnar  structure ;  also  retiea- 
lated  and  arborescent.  Hardness  =  5*5.  Sp.  gr.»7'33 — 7*671.  Opaque,  with  metallic 
lustre  and  copper-red  colour,  with  a  grey  to  blackish  tarnish.  Streak  pale  brownish- 
black.  Fracture  uneven.  Brittle.  Before  the  blowpipe  on  charcoal,  it  emits  arsenical 
fumes,  and  melts  to  a  white  globule,  which  darkens  on  exposure  to  the  air.  In  nitrio 
acid  it  becomes  covered  with  a  green  coating  and  dissolves  in  nitro-muriatic  acid. 

Analyses.—^.  From  Riechel^orf  (S tromeyer,  Gott,  geL  Anz.  1817,  p.  204). — 
b.  From  Krageroe  in  Norway :  sp.  gr.  7*662  (Scheerer,  Po^.  Ann.  Ixv. 292). — c.  From 
Ayer:  sp.  gr.  7*39  (Ebelmen,  Ajin.  Min.  [4]  xi.  55).— -a.  Westphalia  (Schnabel, 
Rammelsb^s  Miner alchemie,  p.  20). — e,  Allemont  in  Dauphiny  (Berthier,  Ann.  Ch. 
Phys.  [2]  xiii.  52).—/.  From  Balen  in  the  Pyrenees  (Berthier,  Htx;.  cit,)\ 

At.  Sb.  S.  Ni.  Fp.  Pb.        Co.       Co.    Gangue. 

a.  54*73  .  .  0*40  44*21  0*34  0*32 -  100 

b.  54*35  .  .  014  44*98  0*21  .  .         .  .      0*16      .  .  «  99*84 

c.  52-71  .  .  0  48  45*37 1*44       .  .  =100 

d.  54*06  005  2*18  43*50  0*45  ,  .  0*32  .  .  0*20  «  10076 
f.  J  8*80  8*00  2*00  39-94  .  .  .  .  016  .  .  .  .  «  98*90 
/.  33-0  27-8  2*8  33*0  1*4  2*0  «  100 

Copper -nickel  is  found  accompanying  cobalt,  silver  and  copper,  in  the  Saxon  mines  of 
Anmil]^!^,  Schneeberg,  &c. ;  also  in  Thuringia,  Ilesse  and  Styna,  and  at  the  oClier 
localities  above-mentioned ;  occasionally  also  in  Cornwall,  and  at  Leadhills  in  Scotland. 
At  Chatham,  Connecticut^,  it  is  found  in  gneiss,  associated  with  arsenide  of  cobalt. 

8.  NiAs  or  NniAs'.  This  compound  occurs  in  two  forms: — 1.  As  CloantkiU  or 
White  Nickel,  in  monometric  forms,  viz.  cubes,  octahedrons,  trapezohedrons,  202,  and 
the  combinations  shown  in  figures  174,  175,  176,  202,  205,  &c.  (li.  pp.  123,  124,  ISO), 
isomoi|>hou8  with  smaltin,  CcoAs^  (i.  1040). — 2.  As  Rammelsbergite,  in  trimetric  prisms 
having  the  angle  ooP :  odP  =  123^—124°.  Also  massive  and  in  reticulated  and 
imitative  shapes.  Hardness  »  5*25  to  6.  Specific  gravity  »  6*466 — 7*2.  liostrs 
metallic     Colour  tin-white,  inclining  when  massiTe  to  steel-grey.    Streak   gtejiaik 
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hljirk,     Opftqup.     Fractiii*  pTttnalar  and  nn^Toti.     Brittlt^   HamTnolsbergite,  hnwc'V<«r» 
IM  §lj^hlly  Jucfilc.     B«bArp«  before  the  blowpipe  bke  copper- nickel, 

ATMtt/«m.—i».  From  SchneeWiig  (Hofman  n.  Pogg.  Ann.  xir.  i91 .  494). — h.  Rierhi'U- 
4orf  (Booth,  iM,  xxxiL  395). — c.  Joac^himftthal  lu  B^jbemia:  Hp^cJflc  grarity  680 
(Murisin,  RammfUh«rg*9  MineraieAemie^  p.  21). — d.  KiimwJorf  near  Sjtalfeld:  specific 

S^vilv  6  736  (RAmmelsherg,  i6»rf,).— ^.  Thi*  Aimivi«rtbalinthpViiiftis(B<?rthior, 
ttti.  Miti.  [3]  xi.  £04). — ■/.  Allomont  (Rammi'lMberg,  toe.  cit.),—^.  ChAtbom,  Con- 
'  ut  i  ChaikamiU:  tmuvire  (Shepard,  8IU.  Am.  J.'iLtrii.  361). 
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CMoifttithjtft  ocoura  with  silver  dad  copper  in  thfl  same  loCAtities  as  Bmaltin  (ii.  i04U); 
fh«  Coiiuoctieut  minorul  (Chathamite)  ocrare  in  micM<^late»  «esociat«»d  geneniily  wieb 
mispiokel  and  sometimes  with  copper  uickcl.  RannneLgbergite  is  luuod  at  Scbnecberg 
and  St  Uifch«lMlotf. 

CJoantbitd  and  Ktn&ltin  maj  be  regardi»d  as  belonging  to  the  Pfttne  ruineml  species, 
indeed  tbf  nickel  and  cobalt  iiro  found  r^placin^onc  aimtber  in  all  prfjportionii  without 
Aiiy  idt4*r:ttiou  in  tlie  crystalline  form  of  the  mtnGral  (s*>e  Dana,  iL  67).  There  aro 
also  minemltf,  stiU  oocurriug  in  the  wime  forms,  in  which  the  number  of  atoms  of  iirtui*nie 
in  to  thiit  of  tbe  positive  mftiili*  (nickel,  cobalt,  iron)  as  4  :  3  and  as  3  :  2»  the  percen- 
tage of  arsenic  in  the  former  being  about  76,  and  lu  the  latter  78  or  79.  TIicmc  mono- 
mefrio  arsenides  of  nickel  and  cobalt  may  therefore  bo  included  in  theg#iif>ral  formula 
B*Ab%  where  K  stands  for  tiickoF,  cobalt*  and  iron  (regwrde*!  aa  motiatomic  mctalii)  rw- 
pbiciiig  (me  another  ifiomorphoiiely.    {HammeUhcrg^M  ilineralcketme^  p.  26.) 

WZOXXIt,  ilJt8S]rZOS0X.PKZ]»S  or.     8«e  NTC]ii{].*CJKJi?frK  (p.  43). 

SrzcxSZf,  a&onCZBfi  or.  N  tl>r  or  Nni'^r'. — The  iKthydruUH  bromide  obtained 
by  puiHiti^  brinuLDe-vaiiour  over  reil-bol  uickeb filings,  forms  sluniug  yellow  sod(*a 
m>lu1i|4^i  in  watiT,  ulcohul  and  riher;  the  aqtiecms  solution  yii^Ids  by  cvaporatiou  greru 
ciTstak  c»f  iht?  hydrat*»d  bromide  Nni*'Br*.3H»0. 

Bromide  of  nickel  unites  with  ammonia,  either  in  the  dry  or  iu  the  wet  way,  forming  the 
comj^tound  NiBr3NII*  or  Nni^Br-.^NH*.  It  forms  light  blue  crytftala,  soluble  id  a  small 
quaiiiitj  of  w;iter,  biif  dtcomposed  on  diluting  the  solutiou. 

MtCMXSt^  CASaOlTATS  Or*  Occurs  native  as  Smerald-nickri  (see  Ojjmo- 
NATxs,  i.  7ti9), 

VICKE&,  GBX.OSXOB  Or.  NiCI  or  Nni"Cl*.— Obtained  bv  heating  nickeb 
filings  to  low  redncmi  in  a  stream  of  chlorine,  or  by  gently  heating  the  liydrate^l  chloride. 
It  is  TolatiLa  and  sublimes  at  an  ineipieut  n.'d  heat,  in  golden -yellrtw  scales  like  mosaic 
gold.  It  ia  decomposed  by  hydrogen  at  a  red  heat^  yielding  a  sbiiiiug  coheieut  mass 
of  metallic  nickel. 

Anhydrous  chloride  of  nickel  diasolvc^  in  water  after  prolonged  t^oilin^,  yielding  a 
solution  of  a  fine  green  colour,  which  may  be  Itki^'wi^e  furnicd  l>y  djhis*>lvirip  the  oxidti 
or  carbonate*  of  nickel  in  hydrochloric  acid.  This  tHjUvtion,  when  L-nifwrattd,  dtipii^ita 
the  bydrated  eh^jride,  Nni"Cl-*9H*0,  iii  grct^n  crjstalw,  which  when  exposed  to  the  air, 
deli«^ue.sce  or  cfttur«*see  ulightly,  aecordiiig  to  Uie  quantity  of  moisture  prtisent.  Cliloride 
of  niekel  di9«olvi>t»  stigbtly  ut!«u  in  a/tsi'W. 

A  lib ydn^UEi  chloride  of  uickvd  absorbs  umnKiuta  g.is^  fomuug  the  ftmmonio'cklorid, 
NiCL3Nll*.  nnabt^ouA  to  the  nm mod io- bromide  above  detM?nb<  d  (H,  Rose).  The  same 
eomfMiufid  in  itbtuincd  in  blue  octaljedn>u»  by  dissolving  chlorid*' of  nickel  in  wartn 
raa^tte  iiminou»a  iu  a  cWfd  vessel.     (Erdmaiin.) 

Chioridr  of  Xu'Arf  *ind  jimtftouiitm^  }%H*CtStti  CVS H*0,  in  deposited  on  mixing 
I  pt.  of  hydrucbU»r»c  acid  Ksilunited  with  ammonia,  and  2  pts.  of  the  t»ami]  uciil  baturated 
with  ciiHtomUe  of  nic-kel,  iu  deliquescent  crystals  iaomorphouif  with  tbe  corrcftfiuJiding 
magnrsiura-Bidt.     (Hautz,) 

WZCXaX.  SBTBCTXOir  Ain>  BBTXllIA.T10Sr  or.  l.  Blowpipe  IU' 
flf'/i''»i/(,  -  All  iii»  kib&sills  henti'd  wi(h  atrhonaU  of  sothum  otk  charcoal  m  the  inner 
flume  are  easily  re^lucr'd  to  a  gri\y  mtt**llic  pjjwder,  which  ii*  attracted  by  the  magnet. 
With  i*t*rax  they  give,  in  the  outer  Hume,  a  clear  bi'acl  which  is  hyacinth-red  while  hot, 
}ind  psile  or  dark  yellow  (aceordivig  to  the  qtiuntiiy  of  nickel  present)  on  cooling  ;  th* 
}\il4ition  of  oitrate  or  any  other  salt  of  potai»iiium  gives  a  blue  or  dark  purple  colour  tr 
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tlie  b«ad.  In  the  innpr  flumr  tlie  bcaii  lecomes  grey  and  opaque,  owing  to  thp  pp6uc- 
tiofl  <if  the  metal,  Witb  witirorosmtc  »<«/<  tbey  give  in  Ijoth  flaraee  a  dear  Wad  which 
is  dark  yellow  while  hoU  and  almost  colonriena  on  ooc^ling.  The  pT»'«eiice  of  cobalt, 
eren  in  smnll  quantity,  loAslcs  those  ivactionato  a  great  extent,  by  the  deep  blue  colour 
iirhieh  it  procluoea. 

2.  lieaetions  in  Soluiion,—l^ickf^  tomwbut  one  class  of  ealtj,  nnd  the«e  am 
analogous  in  coraposition  to  thf?  rhloride  abovo  di'Kmbed ;  ihcy  aw*  green  in  solution 
or  wh^n  thry  confain  wtitiT  of  or>'*^tallisation  ;  yellow  whm  anhydrous*  Their  solution* 
redden  litmus. — Sulphi/dnc  nciti  does  not  preeipit^tte  nickel-siilts  from  acid  sulutlons, 
*'iik1  ouly  rrry  partially  from  a  neutral  &(:jhition  of  a  isalt  of  a  raiuend  acid,  such  aa  the 
»iiilphato  or  chloride  ;  but  acetate  of  nickel,  or  any  nickel-salt  mixed  with  acetate  of 
Bodiuni,  ie  completely  prccipilatJiHi  by  aulphydric  acid  on  heatiiic^  the  solution^  unless  a 
lar^e  excess  of  acetic  acid  is  pr<*K»'nt.  The  precipitated  sulphide  is  blaoJt,  difficultly 
^>lublo  in  dilute  hydpochloric  or  acetic  acid,  easily  in  nitric  or  nitro-muriattc  add, 
Stdpkide  of  ammtmium  precipitjites  sulphide  of  nickel,  slightly  soluble  in  the  re4igentt 
forminp^a  dark*brown  solution,  whence  the  «rulphide  is  prec4pitated  by  boiling.  (H<*nce, 
a  brown  colour  in  the  tiltrufe  from  the  sulphide  of  ammonium  precipitate  is  a  sign  of 
the  pPfibublc  presence  of  niekeL) — Htfdrocifanic  acid  precipitates  all  the  nickel  aa 
greenish- white  cyanide^  fri^m  at^etate  of  nickel^  or  from  any  nickebealt  mixed  with  suffi- 
cient acehitc  of  jiiAmTn.— Olefin  id fi  of  pottumtim  pre4ripitates  the  cyanide  from  all 
nickel-Jkilts  ;  excess  of  the  reagent  disaulves  the  eyiinido  of  nickel,  forming  a  soluble 
double  cyanide  of  nickel  and  pot^isaium^  which  is  decomposed  by  dilut^>  fiulpburie  or 
hydrochloric  acid,  hytirocyanic  acid  being  evolved^  and  cyanide  of  nickel  precipi  lated, 
which  rcquirca  boiling  witli  excese  of  acid  for  its  conversion  into  a  soluble  uickel- 
sult.  Ftrrvcifanide  of  potusaium  gives  a  greenii*h -white  precipitate  ;  fcrric^nnide  a 
yeiiowi^h-green  precipitate,  lK)th  insoluble  m  hydrochloric  acitf. — Pho^haie  or  arnc- 
note  of  sodium  giTcs  a  gref^nish- white  precipilate  of  phoephate  or  arsenate  of  niek«l. 
Oxalic  acid  gnidually  precipitates  all  the  nickel  as  greenish -white  oxalate,  soluble  in 
ammonia;  when  the  solution  is  cxposted  to  the  air,  the  03cahite  of  nickel  slowly 
eeparates  out, — Alkaline  carhmaUs  proeipitate  an  apple-green  basic  carbonate,  solublo 
with  gmcnifch-blue  colour  in  fxcess  of  carbonute  of  ammonium.— /'o^^A  precipitate* 
the  fipplo-gTfen  hydnite.  insoluble  in  excess,  soluble  in  animouiacal  &vi\\M.~-Aminoni(i 
dues  Tiut  pret  ipitatc  nickebsalle  when  fi*ee  acid  or  chloridi'  of  ammonium  is  present  j 
from  nentml  solutions  it  partially  precipitates  the  liydnite,  which  is  soluble  in  exce«% 
ftmning  a  blue  solution,  whence  the  hydjate  is  precipitated  on  tho  addition  of  suffi- 
cient potash.  If  but  littlo  nickel  be  present,  the  ammonioeal  solution  becomes  distinctly 
blue  only  aiTter  long  expo(«nre  to  the  air. — Altnfhtf  hypochlorites  mixed  with  caustic 
<i/A'fi/i  (a  solution  of  blmt'hing  powder  or  chloride  of  floda  for  example)  form  a  black 
precipitate  of  hydmled  peroxide  of  nickel. 

3.  Quantitative  Es  1 1  m  a  I  ion. — Nickel  is  best  precipitated  ffom  its  solutions  bjr 
tatuiic  ffotasht  which  throws  down  an  apple-green  prmpitate  of  the  hydrated  protoride» 
and  if  the  liquid  be  beatc<l,  leaves  not  a  trace  of  nickel  in  the  solutioti.  The  precipi- 
tate must  be  washed  with  hot  water,  dried,  ignited,  and  weighed ;  it  then  coofiista  of 
pure  protoxide  of  nickel,  containing  78  67  p^r  cent,  of  the  metal 

The  oxide  may  also  he  reduced  by  beating  it  to  redness  iii  a  stream  of  hydrogen, 
and  the  reduced  met»!  weighe<l  after  cooling  in  the  stream  of  gas. 

In  senarating  nickel  from  other  metak,  it  is  often  necessary  to  precipitate  it  by  #W- 
phid€  of  iimifuminm :  this  ppwipitation  is  attended  with  difficulties,  because  the  sul- 
phide of  nickel  is  somewhat  sohible  in  the  alkaline  sulphide.  To  make  the  precipita- 
tion as  complete  JIM  |Ki.>*isible,  Rose  din*cts  that  the  solution  bo  diluted  with  a  C9nsiderubl« 
quantity'  of  water,  and  tlun  trt^iitnd  with  Kiilphido  of  ammonium,  us  nearly  colouriesa 
AS  it  can  be  obtained,  avoiding  a  lar;^o  t  xr<  y^  of  the  prtvijitant  and  likewise  «n  excess 
of  ammonia  ;  the  gla^fs  is  then  to  be  cnrtred  up  with  t^ltiring  piiper,  and  left  in  a  warm 
place.  UndfT  the^e  circumstiinces,  the  exc&«s  of  sulphide  of  ammoniimi  is  decomt«a«rfi 
by  the  oxygen  and  carbonic  acid  of  the  idr,  wttliout  riinkof  the  sulphide  of  nickel  Lwlng 
oxidised.  As  soon  os  the  snpernat;tnt  liquid  luis  lost  its  bn^wn  colour,  the  precipitate 
is  collected  on  a  filter  and  washed  a^f  quickly  as  possible  with  water  containing  a  little 
sulphide  of  ammonium.  It  must  then  bo  dissolve  in  nitpomnriatic  acid,  and  the 
nickel  precipitafe<l  by  pjtaah  as  abovn, 

4 .  Sfparaiion  fro  m  other  Me  tals.  — T  he  met  hods  of  separating  nickel  from 
other  metals  axe  for  the  most  pjirl  the  same  as  those  already  described  for  so],jarMiutf 
eobalt  ftQVDL  the  same  metals  (i.  I  iHfl),  excepting  of  course  the  precipitation  with  nitrite  of 
potassium,  and  the  other  met  hods  which  serre  for  the  separation  of  cobalt  from  nickel  itsell 
From  copper  and  the  other  metals  of  the  first  group,  it  is  separated  by  stdpht/drit!  tt^ridj; 
from  the  metals  of  the  alkalis  and  alkaline  earths  and  from  magnesium, 
by  precipitation  with  svlpkidr  of  ammonium,  with  the  precautiona  above  indicated,  and 
in  the  case  of  m  a  g  n  e  s  i  a,  with  addition  of  sai-ammoniac  to  retain  that  base  in  eotutton* 


lutton*  ^m 


OTCKEL :  ESTIMATION. 

Kickel  TD3T  ""~ - •  ■ -- r-  *  -  ^  ---- tp^i  fpQ^j,  \}^e  a!  V  ji  I  Um  e  Ja  1 «  by  prnporatitig  tho  whale 
to  drj'nr^s  ;]  "^  in  a  ctUT»'nt  of  hvdmgrn,  nherfhy  the  nickel  is 

reduced  to  I]  i     ntFiy  be  sepftmffMi  from  th*' tilkxiline  salts  by  dissolvCng 

jxxl  th<^  Isillffr  with  water.  Tbis  mode  of  seponitioti  is  cepociAUy  applicable  when  the 
nictab  Jtr«  in  the  stati*  of  chloride, 

I'Tf^m  inagneaitim,  nickel  maybe  separatod  hy  ci/aitidt  of  pntas^unK  The  two 
tnet^iU  »re  Hi^t  precipitated  by  an  alkaline  corbonatc,  und  cyMuidf^  of  potaaaium  ia  then 
add(Ml  ill  quantity  anllicient  to  rediaaolre  the  magnv^iunit  Jt  fresh  quaiitity  of  aUcaline 
CBifbofinte  i(»  tlien  added,  and  tho  whole  ia  evaporate*.!  to  dryn4<s.'«.  On  trraliiig  the  ro 
aiduc  witii  vnXv-tf  the  magneaiti  remains  undisstMrod,  while  thtj  uickel  diasolvefl  us  double 
cyiinidi*.  atid  m^iy  be  precipitated  by  sulphide  of  aromonium  aa  aboye* 

When  the  tnagne^ium  and  nickel  can  be  converted  into  neutral  ac<«tatea,  the  aepara- 
tiriti  is  ciuiily  efiectcd  by  passing  ttdphydric  acid  gas  through  th«  dilute  solution.  Tho 
nit'kcl  ii^  thea   completelj  precipitated  as  sulphide^  while  the  magnctiium  remains 

Lastly,  tlie  ieparation  of  niekd  and  maginesium  maybe  effected  by  treating  the  solu- 
tion with  ft  mixture  of  hjfpoch/oHte  and  hfdraU  of  2>oiafstiim  or  sodium^  whrrtby  per* 
oxide  of  nickel  is  precipitated,  mixed  or  combined  with  h^'dnito  of  magncsittm  ;  and 
the  pivcipitato  after  thoro^igh  washing,  is  digesdied  with  an  excess  of  solution  of  fMr* 
eurir  cklk'Ttdf.  A  double  chloride  of  magneaiam  and  mercury  is  therobv  formed,  and 
the  tnngnesia  reroaina  dissolviKl,  an  eqniTalent  quantity  of  oxychloriae  of  mercury 
lyt^xufi^  sit  th*?  fiametirno  precipitated.  The  solution  is  f^mporalcii  to  dryneaa.  the  rcaidtie 
calcin*:d  and  tn?ated  with  puro  nitric  acid,  thr  result inp  solution  evaporated  lo  dryness, 
aud  the  restiduc  of  nitrate  of  magnesium  Cidclnod  and  weighed  aa  ma^csia.  Tho 
pemxide  of  nickel  ia  also  ignited  to  drive  off  the  mercury  with  which  it  is  mixed^  and 
itnnlly  reduced  to  the  metallic  state  by  ignition  in  a  current  of  hydrogen.  (H.  Rose, 
7Vuiii  df  Chime  AnaiyUque,  1861,  ii.  2i3.) 

From  barium,  atrontinm,  and  caleium,  nickel  ciaj  he  sopamted  hy  cyanide  of 
poiassium  in  the  satne  manner  as  &um  magneaiuin. 

From  aluminium  nickel  may  be  aepanled  bj^  the  same  procesaci  as  cobalt 
(i.  104&),  also  by  eyanide  of  potassium  in  the  manner  just  described  for  mngnetiium ;  or 
by  earbimate  ofltarium,  which  precipitati^s  the  alumininm  and  not  the  nickel. 

From  iron  (in  the  ferric  atate)  nickel  may  be  aeparated  by  succinate  of  a?n7nonium 
or  by  acitate  e/*f>rfit*wi,orb\rdigp«ting  the  precipitated  Bulphiiles  iu  dUuU  hydrvcMorie 
rtn</ji8d*«cribed  for  cobalt  (i,  1046);  firommauganesoby  the  liist  mentioned  method; 
n\m  by  ptntasidphide  of  calcium^  or  by  eyanitU  qfpftfamum,  or  by  igniting  the  mixed 
chluridrK  in  an  atmowph*tre  of  hydrogen^  exactly  as  described  for  c^jbult ;  from  itinc  aUo 
by  thieljwt  method,  or  by  convertinglhe  two  metals  into  iic*  tatCiF,  adding  a  large  excess 
of  acid,  and  precipitating  the  tine  with  tulphifdric  acid  as  for  cobalt.  From  u  ran  i  u  m, 
nickel  ia  separated  by  precipitating  the  former  mttul  in  the  state  of  uranic  oxide  with 
carhmtaU  of  barium* 

The  methods  of  sepamting nickel  from  eoha It  have  lieen  already  described  (i,  I0i$). 
Liebig**  method  may  L.      '  oualy  modiEed  n»  follows  :— Instead  of  treating  tho 

solution  of  the  mixed  e  !  i  mercuric  oxide,  a  solution  of  hypoihloHti  of  sodium 

is  added  in  excess  to  i'U*.  .-  .M.^^i  alkaline  HqTjid,  in  quantity  sufficient  to  destroy  llie 
free  cyanide  of  potaasinm.  The  nickel  ia  thereby  precipit^tted  na  peroxide  in  tho  form 
of  an  intensely  black  powder,  which  in  easy  to  wash^  and  may  then  be  converted  by 
ignition  into  the  protoxide,  in  which  »tate  it  may  bo  weighed*  Tmeea  of  nickel  which 
eacnpe  diacoTery  by  other  methods  may  thus  ofleu  be  detected  iu  cobalt.  Care  roust 
be  taken  to  ascertain  tho  absence  of  manganeae,  as  it  would  go  down  with  the  niekelf 
acronnmnied  al»o  by  Inices  of  iron  if  the  latter  metal  were  proaent,  (MUkr's  EStmaiU 
of  Ch*  mittttf,  3nl  ed,  pt.  ii.  p.  568.) 

Annitjsiscyf  Kickrt-ores. — Most  of  these  ores  cuntain  hirge  oujintities  of  arsenic,  tho 
Bepamtion  of  which  by  precipitation  with  ^ulphydric  acid  is  along  mnd  tedious  process. 
A  better  method  is  to  fase  the  finely  dividetl  compound  with  ^ix  limes  its  weight  of  il 
mixtnrt^  of  aqnid  portions  of  nitre  and  carbonate  of  sodium,  extract  the  alkaline  nrse^ 
nate  thiis  formed  with  water,  and  dtsaolvo  the  remaining  oxide*  in  hydrochloric  acid. 
Or  the  compound  may  be  fused  with  three  times  its  wiMght  of  sulphur  and  curbonnte 
of  jM>(assium,  the  alkaline  sulphiirvenate  extnitHid  with  water,  and  the  residual 
itiiEphidr«  disflolvcil  iu  hydrochloric  acid  wifh  gradual  addition  of  nitric  acid.  The  acid 
Holttliojk,  in  either  casq,  i**  then  nearly  neutral  is*  d  with  carbouate  of  sodium^  acetate  of 
#i<>djum  i» added,  and  the  whoh'  ishe^'iti'd  to  Ivoiling,  whereby  all  tho  iron  vn  precipitated. 
The  iUtnile  is  acidulated  with  hydrtK*hIoric  aeid  and  sut united  with  sulphydric  acid  (la 
n»move  copper,  bismuth.  ^c\)niid  filtered;  the  filfnife  U  heated  to  ex{xd  sulphydric 
iieid;  and  the  eobidt  and  nickrl  are  precipitated  by  carl»>nate  of  sodium,  and  N^parated 
by  one  of  the  methods  alove  r«ferrcd  to.  Or  ilie  ore  is  dissolved  in  strtm^  hydrochloric 
acid,  with  gradual  addition  of  uitrie  acid;  the  solution  ia  heated  to  boiling  and  nearly 
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nentmlised  with  carbonate  of  sodiam,  with  addition  of  acetate  of  sodium,  and  (unleas 
the  precipitate  has  a  reddish-brown  colour)  of  ferric  chloride  also ;  the  liquid,  after, 
boiling  for  some  time,  is  filtered  from  the  basic  ferric  arsenate  thus  produced ;  and  the 
filtrate,  which  is  now  firee  from  arsenic  and  iron,  is  treated  as  before.  {Conington* 8 
Manual  of  Chemical  Anaiysis,  p.  143.) 

6.  Atomic  Weiakt  of  Nickel. — Roth  off  (Pogg.  Ann.viii.  184),  by  conrertin^  a 
weighed  quantitpr  of  nickel-oxide  into  chloride,  and  determining  the  amount  of  chlorine 
contained  therein  by  precipitation  with  nitrate  of  silver,  found  the  atomic  weight  of 
nickel  to  be  Ni  &=  29*5,  or  Nni  =  69.  Erdmann  and  Marchand  (Ann.  Ch.  I^iarm. 
Ixxzii.  76),  by  the  analysis  of  the  protoxide,  found  Ni  =  29*27 — 29*38.  Schneider 
(Ann.  Ch.  Pharm.  civ.  220),  from  the  analysis  of  oxalate  of  nickel,  found,  as  a  mean  of 
four  experiments,  Ni  =  29.  Dumas  (Ann.  Ch.  Pharm.  cxiii.  24),  by  the  same  method 
as  Rothoff,  found  Ni  »  29*5 ;  and  lastly,  W.  J.  Russell  (Cbem.  Soc  J.  xvi.  58),  by 
reducing  pure  protoxide  of  nickel  in  an  atmosphere  of  hydrogen,  finds,  as  a  mean  oi 
several  experiments,  Ni  =  29*37  or  Nni  =  68*74. 

WZCJKBX.,  BMSmAIA.  Native  hydrocarbonate  of  nickel,  Nni"C0*.2Nni'^*0«. 
(See  Carbonates,  l  789.) 

WXCXB&,  rXiUOMBS  OF.  NiF  or  Nni'F'.— Obtained  by  dissolving  oxide  of 
nickel  in  hydrofluoric  acid,  and  separates  from  the  acid  solution  in  irregular  green  crya- 
tals.  It  unites  with  the  fluorides  of  the  alkidi-metals,  forming  very  soluble  double  fluorides 
which  are  deposited  in  granular  crystals  on  evaporation.  Fluoride  of  nickel  and  alu- 
minium separates  by  evaporation  from  a  mixed  solution  of  the  component  fluorides,  in 
green  neecUes  which  dissolve  in  water  slowly,  but  completely. 

SUicofluoride  of  nickel  crystallises  in  green  hexagonal  prisms. 

V1CXB&»  ZOBZDBB  OF.  Nil  or  Nni"I^ — When  pulverulent  nickel  is  heated 
in  iodine- vapour,  a  mixture  of  iodide  of  nickel  with  metallic  nickel  and  the  oxide  is 
formed,  from  which  the  pure  iodide  may  be  obtained  by  substitution,  also  by  heating 
the  hydrated  iodide.  It  forms  iron-black  metallic  shining  scales  which  become  moist 
on  contact  with  the  air,  form  a  red»brown  solution  with  a  small  quantity  of  water,  and 
a  green  solution  with  a  larger  quantity.  This  solution  may  also  be  prepared  by 
dissolving  hydrate  of  nickel  in  hydriodic  acid,  or  by  treating  finely  divided  niokel  with 
water  and  excess  of  iodine.  When  evaporated,  it  deposits  the  hydrated  iodide, 
NniT-GH^O,  in  deliquescent  crystals,  which  when  heated  in  contact  with  the  air,  give 
off  a  little  iodine,  yield  a  sublimate  of  the  anhydrous  iodide,  and  leave  a  residue  of 
nickel-oxide.  The  aqueous  solution  dissolves  a  considerable  quantity  of  iodine,  which 
colours  it  brown-red. 

An  oxyiodide  of  nickel  is  formed  by  digesting  the  solution  of  the  iodide  with 
hydrate  of  nickel,  or  by  evaporating  the  same  solution  ouickly  to  dryness  in  contact 
with  the  air,  and  dissolving  out  the  undecomposed  iodide  from  the  residue  with 
water. 

Anhydrous  iodide  of  nickel  absorbs  ammonia  gas  when  heated  in  it,  forming  the 
yellowish-whitc  compound  NiI.2NH*  or  Nni"I^4NH*.  By  dissolving  the  ioiiide 
m  hot  aqueous  aromunia,  blue  octahedrons  are  obtained  consisting  of  Nil.SNH^  or 
Nni"P.6NH',  sparingly  soluble  in  water  and  in  aqueous  ammonia.  The  ammoniacal 
solution  mixed  with  alcohol  yields  a  green  precipitate  contjiining  ammonia. 

WZCXBZ^  fIXTJtZOS  OF.  Formed,  according  to  Schrotter,  by  heating  pro- 
toxide of  nickel  to  206*^  in  ammonia-gas. 

WlCMMLf  OXZOB8  OF.  Nickel  forms  two  oxides,  a  protoxide  and  a 
sesquioxide;  the  former  only  is  a  salifiable  base. 

Protoxide,  Ni'O  or  Nni"0.— This  oxido  is  obtained  in  the  anhydrous  state  by 
calcining  the  nitrate,  hydrate  or  carbonate  of  nickel,  or  by  heating  metallic  nickel  with 
nitre.  It  may  be  freed  from  traces  of  peroxide  which  it  sometimes  contains,  by 
heating  it  to  about  100^  in  hydrogen-gas  (Erdmann).  Russell  (Chem. Soc  J.  xvi. 
68)  prepares  it  by  calcining  oxalate  of  nickel,  dist^^olving  the  residue  in  nitric  acid, 
evaporating,  and  exposing  the  residue  to  strong  and  continued  ignition  over  a  gas 
ftirnace.  It  is  a  dense  green  or  greyish-green,  non-magnetic  powder,  which  does  not 
Rbtorb  oxygen  from  the  air,  either  at  common  or  at  higher  temperatures.  It  is 
reduced  to  the  metallic  state  by  hydrogen  at  a  red  heat,  and  by  charcoal  at  a  white 
heat. 

Anhydrous  oxide  of  nickel  has  been  found  crystallised  on  the  surface  of  black  copprr 
(ii.  30)  rcilucf-d  from  nickeliferous  copper  ores,  in  microscopic  regular  octahe<lron8, 
opaque  with  metallic  lubtre,  non -magnetic,  and  having  a  specific  gravity  of  6'6()5, 
insoluble  in  nitrio,  hydrochloric,  and  even  nitro-hydrocbloric  acid,  ana  dissolving  with 
difficulty  in  l>oiling  nulphurio  a^'id  (Gent h).  Similar  crystals  of  anhydmiiH  niokel- 
cude  have  been  found  by  Bergeraann  (J.  pr.  Chem.  lz4V.  263),  together  with  native 
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biftmnth,  in  c«Tit;e8  of  a  minernl  cKielly  coQsiaf  ing  of  ant^nato  of  niclielt  said  to  he  from 
JobASiii-G«orgenftadt  Dobray  (Compt.  read.  lii.  9^6}  baa  obtained  protoxide  of 
oiek«l  ID  ibo  cijstAlUne  fbfm  bj  strongl^  igniting  a  mixture  of  eulpbjite  of  uickel  nud 
Kulphatf*  of  potanium. 

The  hydrated  fftoUmde  or  karate  of  nickei,  NiHO  or  Nni^H'O*  b  obtained  lis  an 
apple-green  precipitate*  bj  treating  ibe  solution  of  a  nickel-salt  with  pxcegs  of  caustic 
potaah  or  soda,  and  ia  depoeiteS  as  a  green  crystalline  powder  from  a  solutioti 
of  the  carbonate  in  excess  of  ammonia  on  standing  or  cTaporation  (Felouze  and 
Fr^my).  When  heated  it  gives  off  ita  water,  and  leaves  the  anb;droi(s  protoxide. 
It  dissolres  easily  in  acids,  forming  the  nickel  saita ;  also  in  ammoniat  forming  a  riolet 
solution,  from  which  it  is  precipitated  by  the  fixed  jdkalift  or  alkaline  earths,  the  prempt' 
tate  eoneiating  of  a  compound  of  oxid^  of  nickel  wJrh  th^  precipitating  oxide. 

A  crystalline  hydrate  of  njckel  containing  Nni*^^OlH^0  has  beien  found  at  an 
inentftaliofi  on  ehrome-iroa  at  Texas  in  Pennsylvania,  It  w  tranmareat,  has  an 
emtnild-gi«en  eokmr^  and  a  denaity  of  3-0&.    (Silliman,  SilL  Am.  J.  [2]  iii.  40.) 

Pratenilo  of  ni^el  unites  with  other  metallic  oxides,  playing  the  part  of  an  acid 
with  atftemg  bases,  nieh  as  potash  (vid,  sup.)  and  that  of  a  base  with  alumina,  ferric 
oxid(-%  &c.  When  ammonia  is  added  to  a  solution  containing  nickel  togpthor  with 
metals  whose  oxides  are  insoluble  in  ammonia,  the  predpitati^  oxide  almost  alwaya 
carries  down  with  it  a  certain  quantity  of  nickel-oxide:  hence  this  method  of  sepamt- 
ing  nickel  &om  other  metals  does  not  give  exact  results  in  qnantitatiTe  analysis.  The 
same  indeed  is  true  more  or  leas  with  regard  to  the  separation  of  all  metiils  by  tho 
relatiTe  aolubilities  of  their  oxides  in  caostie  alkalis,  e.y,  of  alumiuinm  and  iron  by 


Sesquioxide  or  Peroxide  of  Ntektl,  Ni*0*  or  Nni^'.^Thia  oxide  is  pro- 
duced %  calcining  the  nitrate  at  a  moderate  heat.  It  is  a  black  powder  of  specific  grarity 
4  84  (llerapath)  which  is  resolted  by  ignition  into  oi^'gen  and  the  protoxide,  and 
bohares  with  acids  lijg^e  a  peroxide,  disaolving  in  them  With  erolution  of  oxygen,  and 
fi/rming  solntio&s  of  nickel-sal tj. 

A  hydra  fed  sesquioxidr,  Tfni*0',3H^0  or  NniH*0*,  is  obtained  by  treating  the  by- 
dmted  protoxide  or  the  carbonate  with  chlorine- water  or  the  solution  of  an  alkaline 
hviHM'lilonte,  or  by  prcdpitatiug  a  nickel-salt  with  a  mixture  of  caustic  alkali  and 
alkiiline  hypochlorite.  It  is  daxk  brown  while  suspended  in  wat^r,  but  forms  a  black 
shilling  mass  when  drr.  When  heated  it  readily  gires  off  water  and  oxygen.  W  itb 
iifidg  it  bebaTes  like  the  anhydrous  seeqtioxide,  but  dissolrea  with  greater  &cility. 
With  aqueous  oxalic  acid^  it  fonnff  oxalate  of  nickel,  with  cTolution  of  carbonis 
iiuhydride.  It  diseolres  in  ammoniOf  with  oTolution  of  nitrogi^n,  the  solution  contain* 
ing  protoxide  of  nickeL 

Another  h^dmted  peroxide  of  nickel  of  dingy  light-green  colour,  but  unknown 
compoeittun,  is  obtained  by  treating  the  hydrated  protoxide  with  peroxide  of  hydrogen. 
(Thenard.) 

WnCMMXtf  OSTesiiOSSOa  OT,  Formed  by  digesting  the  hvdrated  pro- 
toxide in  aqueous  chlundc  of  iii^'keL  It  is  spanugly  eolublo  in  water,  and  turns 
reddened  litmus-paper  blue. 

irZCKBS*,  OXTasv-SAliTS  or.  Nickel  forms  but  one  dass  of  salts,  cor* 
responding  in  composition  to  the  protoxide,  chloride,  &c.,  e.o.  the  nitrate  NiNO*  or 
Nni-N^O*,  the  eulphate  Ki'SO*  or  Nni"SO\  the  acetate  C-H4fiO»  or  C«H''Nni"0\  &c» 
Most  of  them  are  soluble  in  water  aud  are  produced  by  dissolnng  eitlier  of  the  oxides 
or  the  correspcmding  h}  drates  in  acidiit  the  sesquioxide  being  first  reduced  to  protoxide ; 
in  many  cases  also,  with  evolution  of  hydrogen,  by  acting  on  the  metal  with  dilute 
ueids,  the  pulvi*rulcnt  meta!  di^MoIving  easily,  the  compact  metal  often  very  slowly. 
Thc*c  nickel-fcalu  which  are  inRoluble  in  water,  and  are  obtained  bv  precipitation,  r.tf. 
thecarKinaU?,  borate,  and  phosphate,  dissolve  readily  in  nitric,  hydrochloric,  and  sid- 
pburic  acid,  ^c. 

Nickel-salts  are  for  the  most  part  emerald  or  apple -green  In  the  hydrated  Btate, 
yellow  when  aiihydronsi,  so  that  charactens  traci^d  on  paper  with  a  nickel  tiolution  lorn 
yelUiw  when  heated,  Soluble  nickel-ealts  redden  litmus  slightly,  have  an  astringent 
metallic  tast«,  and  exert  an  I'mettc  action.  Those  which  contain  volatile  acids  are  de- 
composed by  ignition,  the  itiorKanic  Balt«  generally  ItNiving  a  residue  of  protoxide,  the 
orgnnic  salts,  metallic- nickel.     (For  their  behaviour  with  roageota,  see  p»  3S.) 

iric&BXi,  oxtxohj^s  or,    dee  p.  40. 

WXCSJBIn  I^HOSPSSOSS  or.  Th<^  trtt^pkn»pUdf,  Ni*?  or  Hni^P*,  is  obtained 
by  heating  chloride  <ir  sul|<hjrh'  of  nickel  in  a  current  of  phospboretted  hydrogen  gaa. 
It  is  black,  insr^lulilr  in  hyilroohluric  acid,  but  c«i9ily  decomposed  and  dit^olved  hf 
nitric  acid,    (H.  Jioer,  Pogg  Ann  xxiv.  322J 
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L  A  phospltldo  conUining  only  a  imiall  qnantttj  of  phosplionis  is  ubt^ininl : — I.  Bjr 
I  passiiig  pboupbonis-Ti^arover  rrd-hot  nickel  (DavyX  or  by  throwing  pk-cva  of  pboii- 
phofus  on  it  (Pisllctier), — 2.  By  fuKiiig  nickel  with  gladLil  phosphoric  acid  and 
charcodi  powder  (Pellot  jor),  or  6  to  8  pts.  iiickfl -filings  or  nii-kei -oxide,  with  10  pts. 
bone>njsh,  5  pta.  ponndtni  qiuirti.  and  1  pU  duircord  in  a  charcoivl-luH-d  cmcihk-  (^Ber- 
tbier).     Iti»  flilTer-whitr^,  britllo,  njuch  more  ftwible  than  nickel,  not  magnetic. 

,  mCTKS];,  fiS&BirXDll  OF.  Ni^Sc*  or  Nni^Se.—Obtaincfl  by  ignirinier  mt^Ullic 
I  Bickcl  in  Bckninm-TupfHir,  na  a  silvfr-whit<*,  non-magnetic,  brittle  cryit^Hine  mtitia 
I  lappiircutly  nionomt  f ne)*  having  n  dull  mctttlJic  luBtrr,  iind  Bpccific  gmvity  =  8*462. 
I  It  is  not  attaekfxl  by  hydrochloric  acid,  slowly  dissolvefl  by  nitric  arid,  completely  by 
I  tiitromuriatic  «4cid-  When  tuM-d  T»ilh  bonix,  it  fields  a  golden  yellow  mctiiUic  masta 
I  with  s(riar<d  surface'.    (G.  Little,  Ann.  Ch.  Pharra.  C3iii.  21 L) 

I      jnC&ltXif  SSXiXGATU  or.    See  PncRLiTB  and  ^rLiCATES. 

I  WXGWLESt,  snxp&ATlS  Ol*-  Thie  sfdt  occurs  as  a  hydruti!  in  capillary  inter- 
I  lacing  cry, stalls  At  WHllace  mine,  Lak^i  Hnron,  on  a  snlpbide  of  nickel  and  iron,  mosilv 
I  #8  an  efflGPesccncc,  Kob*  U's  pt/romdm^  oecnrring  as  an  earthy  pulo  yellow  crust,  with 
I  mjitirc  bismnth  and  Kr&enicul  nickel,  at  the  Fr«derich*B  mine  ue&r  Bayrent>  appean  ta 
I  l»e  Hie  same  species.     (See  St'LPttATES.) 

I  arcms^  sin&pHXBS  of*  Kickel  forma  with  fmlphur  the  three  following 
I  oomponnds :  ,, 

I  a.  Mefniiulpkidet  Ni*S  or  Kni*S.  Produced  by  igniting  sulphate  of  nickel  in  a 
cUn^nt  of  hydrogen-  Palo  yellow,  metalUc-shiBiug,  brittle,  magnetic  mass^  which  may 
bo  melted  in  glass  Tcssela. 

3,  Frotosulphide,  Ni*  or  Kni^S,  This  compound  occurs  native  tm  CajnUar^ 
I  Pyriifs  (Haarkifs),  in  rhomhohedral  crystals  harinff  Ihe  length  of  the  principal  a^tia 
I  ^  0*3295,  the  angle  R:Il  =  144**  8',  mid  perfcclly  deavn bio  pnndhl  to  tlw  rliom- 
l]>ohedral  faces;  more  frequently  in  delicate  capillar)*  cry  fit  ^lUi  sal  ions.  ILirdncsA 
I  ^  3 — 35,  Hppcifie  gravity  6-25 — 5  Bf>  (the  minerid  from  Joticbimsthal,  4001  aiX*f»rding 
Ito  Kcnugott)*  It  is  brittK  has  a  brass-yellow  colour  and  metallic  lustre,  and  i» 
ilnright  ID  the  streak.  It  usually  oocuia  in  capillary  crystals  in  the  cavities  and  among 
I  the  crystals  of  other  minerals,  as  at  Joachtmsthal  in  Bohemia ;  at  Johanngeorgenstadt, 
I  Piribram,  Biecholsdorfy  Andreasbcig ;  in  Cornwall,  &c  ;  also  in  Laacast^j  Count ji 
I  Pennsylvania. 

I  Proto«ulphide  of  nickel  is  formed^  with  emission  of  light,  when  sulphur  is  f(is»^  in 
I  contact  with  finely  divided  nickel;  it  is  also  prrxl  need  by  the  action  of  sulphur,  ot  si 
'  mixture  of  sulphur  and  potiish  on  the  oxides  of  nickel  at  a  ret!  hent ;  and  l»y  igniting 
the  protoxide  in  sidpbydrie  acid  gas;  hastly,  according  to  Berthiert  by  reducing  iful- 
nhate  of  nickel  with  charcoul-powder ;  in  tliis  cane,  howcTer,  a  f'Uiall  qnanttly  of  I  he 
ticmisulphide  m  formed  at  the  same  time.  When  prepared  by  eillKr  of  ih^*^  nit'thods 
it  resembk**  the  native  sulphide  in  colour  and  lustre.  It  is  ItsA  fusible  than  Ihe  h*»mi- 
eulphide;  is  decomposed  by  ignition  in  the  air,  but  Dot  in  clofie  re^^si-'ls.  It  ii^  but 
iilowly  decomposed  when  heated  in  chloriue  gaji,  and  not  at  all  by  hydrogen  at  a  red 
beat.     It  disHolves  slowly  in  hot  nitric  or  nitronumatic  acid 

A  hydratcd  protostdphtdr  of  niclri  is  obtiiinetl  by  the  action  of  snlphydnc  acid  on 
neutral  solutions  of  nickel-salts  containing  weak  aeidss,  the  acetate  for  example,  or  by 
precipitating  any  neutral  mekcl-solutiop  with  sulphide  of  ammonium  orpotaseiuni.  It 
taa  a  dark  brown  colour,  nearly  blnck.  It  oxidises  on  ex|>0Hure  to  the  air,  and  is 
converted  into  soluble  sulphate.  T^Tien  heated  out  of  contact  with  air»  it  givrn 
off  water  and  melts  to  a  mass  of  the  anhydrf>us  sulphide.  When  recently  preeipitatiH^ 
and  Rtill  moist^  it  dissolves  spjiringly  in  sulphurous  acid,  idso  in  iimmotii?i  and  sul* 
phide  of  ammonium^  potasmum,  &c,j  forming  a  brown  dilution  which,  on  expusurt"  to  the 
air,  bccoms  coloarless  and  deposits  sulphide  of  nickeh  The  precipitated  sulpbide  iu 
nearly  insoluble  in  acetic  or  dilute  hydrochloric  acid,  altbough  a  rery  small  quantity 
of  free  hydrochloric,  sulphuric,  or  even  ncetic  acid,  sufTic^'S  to  prevent  its  format  ion  in 
Bolations  of  nickel-iialttt  by  the  action  of  sulphydric  acid.  Nitric  and  nitromuriatic 
acids  dissolve  it  more  rfiadJlv. 

J}ii\ilphidr^  Ni'S*  or  5fniS".  Obtained  by  heating  a  mixture  of  carbonate  of 
nickel,  carkmate  of  pofasainui,  and  mlphur  to  dull  redn^hs.  The  mass  when  wjushwl 
leaves  the  disul  phide  in  the  form  of  a  steel -grey  jxtwder,  which  is  decomposed  by 
chlorine,  with  formation  of  chloririe  of  nickel  and  chloride  of  sul[ihur. 

Senarmont,  by  decomposing  chloride  of  nirkil  with  ebloride  of  ptitaasium  at  160**, 
obtaint-d  a  yeJlowiHb  STilphide  of  nickel  having  the  composition  Niii*S'  or  NniS.Nni^", 

arcmsm  ian»  zmow,  Siri.PBn>lS  of.  (^Nni.|Ffe p.— Occurs  n^as 
Lillehammer  in  southern  Norway,  in  monometric  crystals  wnth  octahedral  clenTaige, 
or  11%  grmiular  masses,    Eardac^  —  3-^-^4.   Specilic  gnv^ity  «  1^6.   It  is  sot  mag^' 
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B  bronze -yellow  colour,  and  light  bronac-brown  stfe^ak,    Contams  22'2€ 
[  |>r'r  c<*or,  mck^J,  40-8G  iron   and  3686  enlphur.     It  occurs  with   copper  pyrites  in 
[Iiornlilendo  ^x»k8J  *ad  ia  worked  for  tho  extraction  of  ntckeiL    An  impiins  Tariclj, 
iilijrhtty  inLsfd  with  magnetic  iron  ore,  is  found  at  InT«?miy  in  ArgylGshire* 
wscKSX.-aXiOO]ic    8c^«  Nfcjuu^  Auur^rs  or  (p.  35). 

irxcm2X»*BoirmirowiT8«  Boorponita  or  inlph&ntimonito  of  lead  and  copp» 
Ui  iiiH)  from  Wollibirg,  in  which  lend  u  paftl j  r<*p£tfi'd  by  nickd  and  cobalt,  con- 
j  lain*  r.*  87  yt^r  crnt.  sulphur,  24  28  antimony,  3*2'i  ar««*nie»  35  5'2  lead,  905  copper, 
[5*47  ni^k»,l  and  ci^bolt,  and  0*8i  iron  (—  98*25).  (RummoUbcrg,  Togg.  Ann* 
xxvii,  2^13.) 

MlCMMlw^GTa  A  Iff  eg,  A  mineral  upedes  analogous  to  cobalt-glance  (K  1057)  in 
bmi  and  composition,  and  expressible  dioniicaUj  by  the  fonnula  Ni^(AB ;  Bb)  or 
[JIiuS(A« ;  Sb)  or  NniS'.Nm(As  ;  Sb)',  the  araenic  and  antimony  being  aomctimtNi 
at  togcUier,  eometlmcs  fingly,  thua  farming  the  ttixco  varieties,  antimonMi, 
r§micnt  and  nntimimh-arstnicftl  nicktl-ghmct. 

Tho  crystals  of  this  tpeoies  belong  to  the  monometric  syntcm,  being  for  arsenical 
ni ckc] -glance,  cubesi,  octahedrons,  and  the  intermediate  forms  shown  in  %nres  174, 176, 
176  {Qsct8TkiAjQavLkVWt\  and  oombinutions  of  the  pentagonal  dodccahciiron  with  the 
cube  (fig.  211)  and  octahedron*  For  the  rarietics  containing  antimony  the  prevailing 
form  is  lh«  octahedron  modified  by  fnces  of  the  cube.  Cleavage  enbic  in  all  varieties. 
Tho  mineral  likewise  occurs  masaire,  with  granular  structure ;  the  purely  arsenical 
varie^  also  lamellar.  Hardness  «  5 — 6*5.  8p*  gr.  =»  5'6— OS  (of  the  aatimonisl 
varietiM,  6*3 — 45).  Luatre  metaUIa  Colour  silrer-whito  to  steel-grey.  Streak 
grayish-black.    Fnutnre  uneveur    Brittle. 

Analyses:  1.  Antimonial.—a,  From  the  Landskrono  mine  in  Si cgcn,  Westphalia  ; 
mean  of  two  analyses  (11.  ^osts  PoKg.  Ann.  xv.  6S8). — 2,  Antiinomo-arstmumL — 
//.  Alb^rtine  mine  near  Harsgerodoin  the  Hart2  (Hammelsberg,  iM.  Ixviii.  511). — 
c.  Sayn-Altenkirchen  (UUmnnn,  EammtUber^s  MincmUh^mie^  p»  63).— dL  Freua- 
bniR  (K  lap  roth,  BdtrH^,  vi.  329).— 3.  ArsimicaL  e.  Haueifti>n  near  Lobonstein  in 
Thuringid:  Hp.  gr.  5954  (Kammelsberg,  loe,  c«Y.).— /.  Jungfer  mine  near  Muaen: 
(TyK<a1Iis<><l  (8  ch  nab  elf  BamitL  Mineraich,  p,  62). — g.  Pfingstvrieso  near  Ems:  ctys- 
UHi&t^i,  with  Ucei  of  thf«  penti^nal  dod^lie<lron  (Bergeroann,  J.  pr.  Cliem. 
Ixxv.  244). — A.  Albertine  mine  near  Harsgerode  (Hammelsberg,  L/e.  eit.). — t.  Mer- 
iiuiy  mine  near  Ems:  massive  (Scbnabel,  he,  cii.\ 

Antl.  Antintoflio-srtentcftl.  Anaaital, 

Sulphur  •  15-77  1738  16*'40  15*25  20"ie  U9i  lO'M  1883  17'82 

Antimony  .  54  61  50-84  47*56  47'75  ,    .  .    .  0  61  086 

An^enic  .  .     .  2  65  9  64  1175  4802  4C02  4503  4401  38-92 

Nickel  .  2770  29*43  26*10  25*25  3I'82  3266  3418  3030  3527 

Cobalt  .  .    *  . 0*27  .     .  2-23 

Iron  .  .    *  1-83  .    :  .    .  .    .  2*38  10'^  6*00  4-97 

Copper  «  *     .  »     .  *    -  -     .  -     .  .     ,  ■     .  •     .  2*75 

9808  10213  lO'OO  1000  lO-OO  1000  10014  1000  101*96 

There  are  also  varieties  of  nickel^glance  difffriug  somewhat  in  composition*  iroit^ 
the  aliove,  so  &r  at  least  ss  the  analyses  can  be  trusted,  via.  1.  4inoifjitt\  occurring 
tri  small  sieel-grey  octahedrons  (haniness  ■>  4)  at  Lichtenberg  in  the  Fichtelgebiiga 
(r,  K obeli,  J.  pr.  Chem.  xxxiii. 403) ; — 2,  GersdorffiU  from  Schladming  in  Slyria,  wlief9 
it  occurs  both  erystaUiae*!  (Pics a.  Ann.  Ch.  Pharm.  li.  250)  and  massive  (Lowe,  Poggi 
Ann.  Iv.  603)  J — 3.  J? ickiJ-glance  from  Prsikewdorf  in  Hungary  (J-owe)* 

Amoibltc.  Gcndorfflce.  Nic-kH^oUnes 

(torn  Vrakeodatf^ 
r — ■»-= » 

SoIpllBr  •  •  •  15  87  1611  16*35  14  22  10-25 

An«llie  .  .  .  45-34  39*88  39-04  42  5^  46- IQ 

Kickal  .  .  .  37-34  37'90  19-59  38  42  2875 

Cobalt  *  ,  .  trace  0  83  1413 

Iron  .  ,  ,  2-50  14*97  1M3  209  8  90 

Silica  •  •  ,  .    -  .    .  .    ■  P87          ^ 

9905  99"69  10023  9912  100-00 

RimmekbAri!  soggssts  that  hulj  thid**  of  nickel ,'  Nui"S,  may  be  monomeiric,  like  many 
lulphidett  of  iJie  form  M''^,  and  iu  that  ca^e.  t^inco  the  arecnide,  KniAjB^i  is  likewiBe 
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monometric,  these  nickel-glances  may  be  regarded  as  isoraorphous  mutures  having  th» 
composition  7nNni''S.nNi As^  op  Nni(S ;  As*). 
mCXB&-&IirjrJBITB.      Siegenite.    Linnaeite  (cobaltoso-cobHltic  snlphide,   i. 


8. 

Mi. 

Co. 

Fe. 

a. 

41-98 

33-64 

2209 

2-29 

h. 

42-30 

42-64 

no 

4-69 

c. 

39-70 

29-66 

26-69 

1-96 

d. 

41-64 

30-63 

21-34 

3-37 

1050)  in  which  a  considerable  proportion  of  the  cobalt  is  replaced  by  nickel,  a.  From 
Siegen  in  Prussia,  where  it  occurs  in  octahedrons  (Sch  nab  el,  UammtUberg's  Mineral- 
ehemie,  p.  110).— -6,  From  the  same  locality  (Ebbinghaus,  loc.  cit.), — c.  Finksbu^ 
Oanoll  County,  Maryland:  pale  steel-grey,  with  a  yellowish  tinge;  distinct  cubic 
cleavage;  intemown  with  copper  pyrites  (Genth,  SilL  Am.  J.  [i]  luuuii.  416) — 
d.  La  Matte,  Imssonri :  seldom  oyitslUne,  fwmetimes  however  e^ibiCing  the  forms  O 
and  O  .  ooOoo ;  cleavage  very  indistinct ;  colour,  between  steel-grey  and  tin-white 
(flenth,  he.  cit): 

Cu.  Pb.       Gangae. 

-  100 

«  10063 

2-23          .     .         0-46  »  9959 

.     .         0-39         107  «  98-24 

Capillary  Pyrites,    Native  sulphide  of  nickel  (p.  42). 

WZCXB&-VZT&XOXto    Sulphate  of  nickel  (see  p.  42,  also  Sulphatbs).  . 

VICOTULWnra.  Thbacoo-camphor.  CPH'^irO*.— A  white  crystalline  substance 
obtained  by  dtstillinff  tobaoco-leaves  with  water.  It  is  soluble  in  water,  alcohol,  and 
ether;  melts  when  neated  and  then  gradually  evaporates.  (llermbstadt>  Schw. 
J.  zxxi.  442;  Barral,  Gompt.  rend.  xxi.  1^76.) 

mCOTIC  AOXa.  C'H*0*.  A  crystallisablc  dibasic  acid  found  in  tobacco-juice 
by  Barral  (Compt.  rend.  xxi.  1374).  According  to  other  chemists,  however,  the  only 
acids  contained  in  tobacco-juice  are  malic  and  citric  acids. 

WZCOTnra.  C»«H'*N«.  (Gm.  xiv.  219;  Gerh.  Ir.  184.)~Vauquelin  in  1809 
ascertained  that  the  acrid  principle  of  tobacco  was  volatile,  and  capable  of  separation 
from  its  compounds  by  means  of  a  fixed  alkali.  Posselt  and  Keimann  in  1828 
succeeded  in  obfaininff  it  in  a  state  of  comparative  purity  from  the  leaves  of  Niootiana 
Tabacuniy  MaerophylM  rusHea  and  M.  gttUinoaa,  For  a  long  time  nicotine  was 
supposed  to  have  the  formula  C^*IfN  =  C*H*N,  which  was  subsequently  altered  to 
C**irN  B  C^H'N,  in  accordance  with  the  more  accurate  analyses  of  Mel  sens  and 
SchloBsing;  but  Barral,  by  a  determination  of  its  vapour-density,  showed  it  to 
possess  in  the  free  state  a  condensation  twice  as  great  as  this,  its  formula  becoming 
therefore  C7"^*iV*a  4  Tolumesof  vapour,orin  accoi^apce  with  modem  ideas  C**H"N'«=s 
2  volumes.  Xt  is  considered  however  by  some  chemists  that  in  forming  certain  com- 
pounds, nicotine  breaks  up,  as  it  were,  into  two  groups,  having  the  composition 
G*H^,  eadi  equal  to  H*.  The  experiments  of  Kekule  and  v.  Planta,  who  treated 
nicotine  with  the  iodides  of  the  alcohol-radicles,  indicate  unmistakably  the  fact  that  in 
niootine  the  group  C*H'  is  equivalent  to  H^  The  molecule  of  nicotine  is  therefore 
derived  from  two  molecule  of  ammonia  in  which  the  hydrogen  is  replaced  by  C^H', 
thus: — 

C»H"K«  -  j^jgllj  derived  ftom  j^H;. 

This  explains  why,  in  treating  nicotine  with  oxalic  acid  and  with  chloride  of  benzoyl,  no 
substances  are  obtained  analogous  to  oxanilide  or  benzanilide  (Gerh.  iv.  185).  On 
the  other,  hand,  most  chemists  of  the  present  day  will  prefer  to  regard  niootine 
as  a  diamine.  There  is  indeed  no  sufficient  evidence  to  show  that  any  splitting 
up  of  nicotine  takes  place  under  the  influence  of  the  iodides  of  the  alcohol-radiclea. 
We  shall  therefore  assume  in  this  article  that  the  compounds  assumed  by  Gerhardt  to 
contain  one  atom  of  methyl,  ethyl,  &c.,  contain  twice  that  number,  and  that  the  vapour- 
density  correctly  represents  the  m<ilecuje  of  nicotine  which  enters  into  all  its  known 
combinations. 

Preparation, — 1.  Tobacco-juice  is  treated  with  excess  of  Eiolution  of  hydrate  of  potas- 
sium ;  the  mixture  is  then  shaken  up  with  benzene  or  ether  in  stoppered  bottles ;  the 
ether  is  decanted  and  distilled  at  a  gentle  heat  sufficient  to  vulatibse  the  ether ; 
and  the  heat  is  afterwards  raised  to  a  sufficient  temperature  to  drive  over  the  nicotine. 
— 2.  A  mixture  of  lime  and  powdered  tobacco  is  placed  in  a  cylinder  and  a  current  of 
steam  from  a  boiler  is  sent  in,  the  other  end  of  the  cylinder  being  connected  with 
a. condensing  worm.  The  liquid  which  comes  over  contains  nicotine,  ammonia^  and 
eome  other  bases  not  yet  examined.  The  liquid  Is  neutralised  with  sulphuric  acid 
and  the  solution  concentrated  by  evaporation.    When  sufficiently  concentrated  it  is 
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H  lutj.iu  uti  >  th**  niroiiiic  almost  pur^.      It  mny  K*  further  puntlfd 

H  l-v  r^^^tirtiMt i      ..      .    r.nnpu  roud.  K  874). -X  Tobacco  in  Ter^- amiill  j>i*'C**8  is 

H  digested  with  diluto  eutphurie  tu?td  for  (lire^  dAjrs  aod  then  preesed.     The  i^tfidne  i« 

H  repeiiti'dly  treat^vl  in  this  nmnii^f  iiDtil  it  has  lost  ita  acrid  t&gte ;  and  thf^  liquid  mo 

H  obtained  it  ^Tapor»t<»d  to  half  and  then  diatiUed  with  lime.     Th^  distillate,  which 

H  coDtaiiis  the  niv^>tiQ<*,  must  he  shaken  up  with  i^thcr,  and  the  latr^r,  nfter  decant  fit  iotii 

H  dirtiiltcd.     The   ether  rcadilv  ditftils  away,  V      '  "       in  an  impure  stAtfw 

H  II  if)  tA  hi*  kept  wArtn  for  a  coriisidt^rable  i  to  140°,  at  which 

B  Irritjwmtnne  it  will  ^vo  uff  ammonia  and  oth. .  ....   v,  ,,,,  ^.-    ^.,.^-,.Litie«.     Lime  in  to  be 

■  a«ld«'d  to  thi^  rwiidue,  and  the  tnixtur«»  distilled  iu  on  ml-both  at  190*^,  in  a  current 
H  of  hv'in>gr*n.  Th*'  prxnltict  of  this  operation  rfdiatilled  in  s  current  of  hydrogen 
^B  jriekb  the  nicotine  pure  aud  eoloarle«s  (Barral).^«4.  Tobacco  \s  tKfited  with  water, 
H  und  the  foiiition  ©oncenlrated  ;  the  extract  ia  disaolred  in  alcohol,  whicli  tdttr  decair- 
H  totioti  is  likewise  coneentratcj ;  and  thi*  hi»t  extract  is  treated  with  hydrate  of 
H          potaiaium,  then  agitat«*t)  with  ether,  to  dtsaolTe  the  nicotine  and  also  Home  fon^ign 

■  fldbtftanceft,  which  ans  p,M  t^>)  *^  ^  ^'  --'--*-!:"„  ||,^  alkaloid  in  the  stale  of  oxalate. 
H  Thin  pr»vipttuti*  is  H'Sf^hi^  1  i  r^  then  treated  with  {^>ota«h,  again 
H           dtmolved    in  ether,    and  ku:                                     ik      The  re^due  of  I  he  distillation 

ia  colcmrt'd  but  limpid,  and  contuiox,  br»id€*  nicotine,  wat<«r,  ether,  and  ammonia; 
a  tr'mp**rature  of  140\  maintaine^l  for  12  houra^  and  asaiated  by  a  current  of  dry 
hyiliMj^'cn,  puffico^  to  exfH»l  the«e  three  bodie^^  ao  that  the  nicotine  paiseaover  pure  ana 
t'flourliTi'i,  whnn  tlif  terrifk^roture  ia  aubaequeDliy  raiaed  to  180°. — Two  lbs.  of  good 
toLtacco,  grown  in  the  department  of  Lot,  are  capable  of  yielding  by  this  pfoceaa  ftom 
60  to  60  grrammes  of  nie<vt ine.     ( Sc  h  1  a* » i  n g. ) 

The  amount  of  nicotine  in  leaf  or  munufdctand  t/)baceo  may  be  acenrately  aacertained 
Ity  a  simple  and  easy  proeeftA.  Ton  grammes  of  tobacco  are  exh»ualed  with  ainiDOiiia«d 
rih''r  in  a  continuouB  distilht^yn-  appamtuft,  the  ammoniacjfcl  giw  ia  expelled  from  Ike 
ni+'<>tinc  s^ilution  by  l-oilin^ ;  the  liquid  is  then  decanted,  and^,  after  eraporaiiou  of  the 
Hh^r.  neiitr:ilisi'd  by  «  ^Ituion  of  AolphuHc  acid  of  known  atrvngtb.  (Schl«aaing« 
I'ompt.  r- nd  D.e.  1846,  Chem.  Gaa.  1847,  43.) 

h^trnitit^n  of  nuM^tine  from  tkt  content*,  of  the  ttiimnch^  or  from  the  tulntance  cj 
nntmaf  tissurt  in  cote*  of  poinoning, — L  For  this  purpose  it  is  only  necessary  t©  add 
fxoesH  of  hydrate  of  ^totaaaium  *nd  nepestedly  extract  with  ether  or  pure  benzene.  On 
*»vttp<intion  in  a  retort  at  a  g^lle  heat,  the  nicotine  will  r^'main  iu  an  import  Bla4e, 
It  may  then  be  converted  into  a  sulphate,  the  solution  fdtered,  and  the  nicotine  re- 
al jtdii  nod  by  a  repetition  of  the  first  process  by  means  of  hydrate  of  potassiiUD  and  ether* 
—2.  Or  the  contents  of  the  sromach  maybe  repeattnily  exhausted  by  a  dilute  acid,  and 
the  filtered  and  eraporuited  i-olution  may  be  made  to  gire  up  its  nicotine  in  the 
manner  prt'viou*ly  indicutt-d*  (Si^c  alao  AuLaLoiufl,  Dktectiok  or,  i»  Citmico-iJtaAt 
tirviaTiOAnoNa,  vol  i,  p.  126.) 

The  following  table  contains  the  percentage  of  oscotiBe  in  Tanoua  kinda  of  iobftcoo 
aceonling  to  tie  expenmenta  of  Schkcaing : — 


N«iit«  of  tlie 

Nieotln«  in  lOfi  fuutt 

NwJiMofthe 

KI«Hlni«  Jn  lOfl  |j<l. 

lulMCCil. 

of  th«  dri«d  lolMcco. 

tobacco. 

of  Um  drird  toiuceo. 

Lot         .        . 

.     7-96 

Alaace      . 

,     3-21 

Lot-et -Garonne 

.     7  34 

Vifgiuia  . 

.        .     687 

Nopd      • 

668 

Kentucky 
ItfarylawL 

,     S*09 

Ille-ft-Vilaine 

.     6-29 

.     22» 

Paa-de-Calais 

.     4-94 

Hxrannah 

,     200 

Prfrprrtim. — ColourloM  tran«pai«nt  oil,  which  doea  not  freeze  at  — 10°»  it  givrs  off 
fxcessirely  irnliitiug  Tupourt  wben  heated,  and  boils  at  2^*^  (Barral).  Ita  specific 
grarity  at  variotia  temperatures  is  at  follows : 

Temp.     .        ,        4^  16°  SO*  W^  laVh^ 

S(i.gr.     .         .      1-033  1*027  I'OIB  I'OOOS  0-9424 

Nicotine  has  a  burning  taste  even  when  rery  much  dilut^d^  ind  etiises  choking.  When 
it  is  pt.-icid  on  the  tongue  of  a  dog  iti  a  fatiil  doae,  the  epithelium  aepantes  after  death 
with  facility  (Orfilai  It  dilati^  the  punil  when  taken  intemally  (Orfila).  6  milii- 
^rammcB  ^nfticed  to  kill  aniidilte'fii^Hddogtn  3  minutes.  When  |th  of  a  grain  was  dropped 
into  the  eye  of  a  cat,  contrcfrtion  of  the  pupil  took  place  followed  by  narcotic  symptoiM 
which  piisjwd  off  in  an  hour.  Nicotine  ha*  a  strong  alkaline  reaction ;  it  strongly  defleeta 
the  phiue  of  polurisation  to  the  \i.'i!\^  At  100°  it  dissolvps  1058  per  crnt,  of  Miiphur, 
It  is  very  w>!nble  in  u^nttr^  aleohftt,  tiktr,  and  fat  oiJs,  I>tasolvcs  in  any  quantity  in 
iurptfUmi  imd  hydroiiirbon*  hjiving  siinihtr  solreiit  powrrs.  Vaj>onr-aenaity  (after 
allowing  for  a  rcaidue  of  3  per  cent,  in  the  balloon)  6'G07  ;  cak,  6  616. 
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L     Ikeomptaititm»,—\.  Ki^^tine  recline  ever  bo  c&Fffyij  in  r  eurrant  of  hydrogen 

Whmomm  npidly  yellow  aiul  fmnily  browD  when  expoBe<l  to  li^ht  or  air, — 2.  II  always 

letves  II  reoinouii  tvbi duo  whfrti  di^t  iUetl. — 3.  Bunu  with  a  bright  smoky  flame  in  a  lamp 

witli  a  wiek,^4.  Evolves  intliimm;iblfl  vapoura   when   heated  to  itit  boiling  point, 

—fit  Boilitig  sitlphitric  acid  decomposee  it  eDlirely* — 6.  Heatt^  with  tincture  of  iodine 

I  il  yielda  Lri-iodonicotme  (Werthoim).— *7.  When  it  is  dropped  bto  chlorine^  -riolent 

r  action  takes  place  yomctioies  aecoiapanicd  with  «miasioQ  of  light ;  and  a  red  eoloor  is 

d«v«lopM,  which  how<*vcr  disapp^Lrs  on  exposure  to  light  for  some  days.    This  decolor- 

Ued  fluid  troatod  wirh  wat«r,  yields  a  white  substanci^  which  cryEtaUi&es  from  alcohoL 

r  —8.  Hydrocldomt«?  of  nicotine  treated  with  ckhrinc  yields  a  crystallified  mbatance 

I  iolublo  in  wdUT  btit  insolable  in  atcoliol — 9^  Nitric  acid  dii«compo8<>«  it,  yielding  a 

Hquid  frofzi  which  alkidis  diiien^go  a  Tolatile  base,  probably  ethylamine  (Aoderson)* 

— 10.  When  the  alojholic  Holution  ia  treated  with  giuieoitfi  cyanogen,  a  brown  non-baaie 

Buh»tn nee  is  formed  (Hofiaann,  Stahlaehmidt ).— 1 1 .  Cyanate  of  tthyl  Ibmia  with 

nicotine  a  conmound  crystallising  in  beautiful  larain»,    (Wurta.) 

E€aciion»of  Nicotine.^l.  Niwtine  in  aquiMius  aolution  giTes  with  tincture  cf  iodine 

ayellowiah  turbidity  becoming:  crimson,  tht£i  reaction  occnrring  erea  when  the  nicotino 

1 1011111011  conlains  only  ^^^^  of  base  (P  o  b  a  e  1 1  and  R  e  i  m  a  n  n).   According  to  t.  Plan  to, 

I  the  precipitate  is  of  a  kemo&-browD  co!ofir«  (Probably  the  tint  cHangea  as  the  quantity 

I  of  iodine  tincture  becomes  larger.) — 2.  Aqueous  solution  of  nicotine  gives  white  precipi- 

I  fates  with  solution  of  metati  of  teady  Ttureuric  chloride,  stannous  and  stannic  chhrides^ 

%mUis  of  tinCj  and  gaUotannic  acid ;  with  platinic  cMorid^,  a  yellow  procipitato;  with 

f'firric  salts,  an  ochre-yellow  precipitate  not  soluble  in  excess  of  base;  with  tHckloride 

af  g€>id,   a  reddiah-yellow   precipitate*     With  chloride  of  cobalt^  a  blue  precipitate 

is  fonneid  becoming  green  and  slightly  soluble  in  excess  of  base.     When  perchlmdc 

of  antimony  is  ad£d  drop  by  drop   to  a  solution  of  phosphoric  acid,  a  liquid  is 

I  obtained  which  gives  a  slight  turbidity  in  an  aqueous  solution  of  nicotine  containing 

l-^th  (Schulj£e)«     With  phosphate  of  magnestutn,  an  aqueous  solution  of   nicotino 

I^Tet  a  golatinons  precipitate,     HydrocUimc  sotntion  of  nicotine  gives  with  eoluticm 

IjRf  platim'c  chloride  a    yellow    crystalline  precipitate  if  the  aolatjons   are  strong; 

ll>ut  if  weak,  four-sided  prisms  are  deposited   after    a    time.      A  similar  solution 

nol  niootuia  gives  with  picric  acid,  sulphur  yellow  flocks,  with  auric  chloridt^  light 

'jellow  flocks,  sparingly  sokibl©  in  hvtlrochloric  acid. — 3.  I^itria  acid  partially  dceom* 

|K)ecs  nicotine,  with  evolution  of  red  fumrs,  the  solution  when  boiled  becoming  of  4 

reddish* brown  colour  similar  to  the  tint  of  a  strong  solntion  of  platinic  chloride.    PkoS' 

pho-molyhdic  acid  gives  With  nicotioo  and  it«  salts  &  bright  btdky  yellow  precipitata, 

(Sunnenscheiu), 

SaltB  of  IflooUne.  Sufphatc  of  Nicotine  is  uncrystallisable,  very  soluble  in  water 
and  in  alcohol.  lOD  pts.  of  itulphuric  acid  neutnilise  329'7  of  nicotine,  corresponding 
to  the  formula  2C"'H'*N'H*.90\— The  nitrate  erystaUisefl  with  flifficulty.— The  ht/dro- 
chlorate^  C**H'*N*.2HC1,  is  a  deliquescent  salt  which  may  be  obtainod  in  long  flbrona 
nrystals  by  treating  nicotine  with  gaseous  hydrochloric  add,  and  keeping  the  product 
for  a  time  in  vacuo.  The  alcoholic  solution  deflects  the  plane  of  polarisjition  to  the 
righL^The  phosphate  is  obtained  b^  neutralising  an  aqueous  solution  of  phosphoric 
acid  with  nicotine,  as  a  syrupy  liquid  which  yields  lat^^  taminar  crystals  josemblLng 
cholestcriu. 

Oxalate  of  Nicolini  forms  crj'stals  very  soluble  in  water  and  boiling  alcohol,  insoluble 
in  ether, — The  acitate  is  a  syrupy  liquid  soluble  in  ether, — The  far^rafe  forms  gmnnlar 
oy stale  very  soluble  to  water. 

Double  salts  of  Nicotittc.  Hatinum-salt,  C'"H'*N»,2HC1.2PtCl».— When  a 
solution  of  pktmic  chloride  is  added  to  a  frtrong  hydrochloric  solution  of  nicotine,  a 
yellow  crysfalline  precipitate  is  obtained.  If  tlie  solutions  are  dilute*  four-sided  priams 
will  gradually  fomi,  or  sometimes  large  rub^^-red  crystals.  The  salt  is  very  soluble  in 
slight  excess  of  nicotine;  dissolves  with  difficulty  in  cold,  b^t  more  easily  in  boiling 
water,  is  insoluble  in  nicohol  and  in  ether* 

Compounds  of  Nicotine  mth  ProtinMoride  of  Flutinum,  a.  C**H»*N^,4HC1.2PtCL 
When  nicotine  is  gratlually  added  to  a  hydrochloric  solution  of  platinous  chlortdet  *lw> 
mixture  bi'ing  agitated,  an  oran^>yclluw  pretiipitate  is  obtaineil  having  the  aboro  oom- 
position  (Racwsky).  It  is  insoluble  in  cold  water,  but  fiolublc  in  boiling  water,  ind 
i«  deposited  from  the  latter  solution  on  standing  in  the  cryetAlline  form. 

0,  When  the  motlier^liquor  of  the  above  salt  is  ovuporatt^,  red  prisms  ape  obtained 
containing  only  2  atoms  of  hydrochloric  acid,  C^N*H^*.2PtCL2HCl.     (Kaeweky.) 

Gold^sait,  Hydrochlorate  of  nicotine  added  to  a  solution  of  auric  chloride  throwa 
down  a  pale  yellow  flocculent  precipitate,  almost  inaolublo  in  hydrochloric  acid. 
(v.  Plant  a,) 


i 


Mercitfy*9aU,  of  Nhotine,  I.  With  MfrmHc  CUaride.  tu  C*H»'N*.mgXl».^ 
Olit&iiif^  ^t^  prrcipitatiDg  a  nolntion  of  indrcunc  chloride  by  a  solotioD  of  meotine» 
-  WhitP  cryslHlline  precipilaUv  innoltiWe  Lu  Wllt4^r  and  in  ethw,  aimoet  insokbb  in 
dcoboL     Mdu  below  loo"*.     (Ortigoua.) 

0.  C*»H'«N*.3Hlig''CR — Obtiiiflctl  by  adding  s  saturated  solation  of  mcrcum  cblorido 
to  ft  dilute  *olutiou  of  tiuvtttnp  iu  hydrochloric  utrid,  until  a  ppmmnont  pivcipitftte 
Li*gin.i  lo  be  formed.  The  turbid  liquid  wh^a  lefV  at  rcbt  fur  ^omc  OHyn!,  yields  the  i»alt  in 
eoltJttrlt'Hfi  or  jrellowish  cryBtali*  often  an  inch  long,  spiiringly  soluble  in  ali>>hol  or  eold 
wnftT,  disMjUing  readily  and  writhout  decompgetitiou  in  water  acidulated  wiih  hydfo- 
chiorit*  aijid,  deeorap<.>»e<i  by  boiling  with  water,     (Budcker.) 

7.  C'»H'*N*.UCl4Htig"CR  Cijrtalline  predpiute  obtained  by  adding  a  cold 
neutral  HoialioQ  of  hydrodilorate  of  niooitine  to  a  largo  exoeaa  of  aqneous  eolation  of 
mercuric  chkride.  Dimwlvi**  in  boiling  water,  yielding  on  cooling  radiating  groupa  of 
iietHliea. 

Cifano<Miorpm«rewr^le  of  Nicotine.  Obtained  on  adding  to  a  dilute  Golution  of 
neutral  hydroeUofate  of  nleotiDe,  about  an  equal  Tolnnie  of  a  saturated  solution  of  ro«r- 
curie  cyanide.  It  ia  depoHitcd  tti  tuf^a  of  silky  zi««dle&  DiaeolTea  easily  in  eold  op 
boiling  water,  and  in  alc*:>hoK  The  sohition  it*  not  precipttatad  by  hydrata  of  potaa* 
ainm  even  on  heating.      Treated  with  1  'c  acid,  it  avolTes  hydrocyanic  acid. 

Its  fommla  haa  not  lK?en  detcmiiued  wji 

2.  With  Mercuric  Iodide,  a.  C'*H'*N  ..  u^  1  .— Colouple«  ciyataU  obtained  by  Iri- 
tuTiiting  nicotine  with  loercnric  iodide,  and  ttubFequently  tr^ting  the  mass  with  boiling 
water.  The  reaction  ia  §0  eaezgetic  that  HulEcient  beat  ia  evolTed  to  Taporise  part  of 
the  nicotine. 

fi,  C'«H'*NVHhg1'.2HL  To  prepan)  this  B^t,  nieotiDe  is  diiuok(?d  in  dihite 
hydriotlic  acid,  and  a  lolution  of  mercuric  iodide  in  hydiiodic  acid  is  added  until  the 
precipitate  ceiises  to  be  rcdisiiolred,  and  the  solation  becomes  turbid.  The  imh  soon 
b^'giu*  to  crystalliiK'.  The  motheivliqnor  cannot  be  concentrated  without  decomposition. 
Yi  How  |>rt«mit  «|i«!Lringly  Bolnble  in  cold  water  and  in  alcohol.  Dt'composcd  by  boiling 
water,  with  ^('jiivration  of  a  reddiah-yeilow  reainous  matter.  Xuiioluble  in  iolntion  of 
hydrate  of  po1a»iiium. 

^IcijtiHf  with  y  it  rate  of  Silver,  «.  C**H"N*.NO'Ag. — Cohmrlefls  prisms  obtained  on 
mixiitg  a  cold  dilute  {Jcobolie  a<dution  of  nicotine  with  an  excess  of  an  alcoholic 
frulution  of  giWer  nitrateu 

B,  *2C**H**N*.K0'A^.  Prepared  like  the  preceding,  but  empbying  an  excess  of 
nicotine.  It  is  deposited  in  a  dilute  solution  aud  by  spontaneous  eyapotation  in  fine 
pri^niK 

Compound  of  Nicotine  feith  Iodine,  (C**n"N*)-I'. — Ethereal  solntions  of  iodine  and 
riiiwimv  combine  when  roLxed,  erolring  anfficient  heat  to  make  the  etlier  boil. 
In  a  nliurt  time  the  mixture  becomes  &lle<]  with  crystals.  In  more  diJute  eofutiona 
the  Bub»lance  is  depo»ited  in  thtt  form  of  ruby-red  needles  (Wert  heim).  The  com- 
jKtund  nielta  at  lOO*'  without  dt^cumpo*iition.  It  is  decompoM-d  in  thu  cold  hy  solution 
of  hydnit**  of  potasBiunv  oic^linc  bi'ing  lihenited  nnd  iodide  iind  iodate  of  jKjtfVHfe^ium 
U*iui;  fufiuixi,— A  hydr*nhbfratr^  (C'^II"N^)'P:2IIC1,  is  obtained  in  ine^eleiir,  ruby-red 
cryi*t»lM,  by  eautiuUi^ly  Hatumting  with  hydrot^hlciric  acid  a  vciy  weak  akoholic  Bolution 
yf  the  iodine-iximpuujid,  und  placing  the  b'^md  in  racno. 


Meihyt't  Bikf^,  and  Amyl-derivaiive*  of  Nicotine, 

MmnfL-NicjoTiNR.  C'»II*"(CH')^',^ Prepared  by  mixing  nicotine  with  iodide  of 
roe!  hyl.  The  reaction  prtxHt-ds  slowly  in  the  cold,  but  is  greatly  assisted  by  beat  The 
rrj'»«lalline  product  of  the  reaction  is  to  be  recryatallisi'd  from  water.  The  aqueous  aolu- 
tioii  mixl^d  wUh  recently  prmpitatcd  05.tdo  of  «iWer  yitlJs  iodide  of  silver  and  solution 
of  methyl-nicutine.  The  E<>lution  evaporated  over  sulphuric  add  at  100<^  yields  a 
viscid  muss  containing  met}iybni«x)tine. 

Mt'thybnii^utin*.*  is  soluble  in  weiter,  yielding  a  bitter  alkaline  solution  which  feels 
sHp(>ery  between  the  Ongers.  The  liolution  Maturates  acids,  fonning  salta  of  which 
tilt'  frulphatcp  hydrochloi'Hte,  nitnit*'  and  hydToeyRnate  crystAllise,  but  with  difficulty 
(Siabtschmidt).  The  hydrofluate,  acetate,  oxalate  and  lartrute  do  not  crystallise. 
The  alkaline  Noltttion  deMxibed  abctve  precipitates  tsalts  of  iron  and  copper;  it  also  dis-^ 
aolves  recently  precipitated  hydrate  of  aluminium.     (Stahlsehmidt.) 

Ifydriodatf.  if  Mfthf/{-Titci>fim\  C'-H'*N*,*iUL  The  atom  of  nicotine  nnqueation^ 
ably  containing;  10  atom;;  of  carl>on  (C  »  12),  we  may  assnme  that  it  reacts  upon 
2  atoms  of  ioiiide  of  methyl,  so  that  the  r»uiting  compound  has  the  aljove  formula* 
It  is  prepared  by  Uie  aetton  of  iodide  of  methyl  on  nicotine  as  above.  (Stahl- 
Schmidt.) 

The  phiinvmaali    e/  mtikyl-nkUiM,    C'«H**N'.2HaaPta«   ia  a   aryatnlline 
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powder,  Bparinglj  soluble  in  cold  water,  insolnUe  in  alcohoL — The  goli  §atU 
C'*H'*N*.2HC1.2AuCl*,  is  a  pale  yellow  precipitate^  almoft  insoluble  in  eold  water  and 
alcohol. 

ExHTL-incoTDnL  The  hydrate  of  this  base  is  prepared  by  a  similar  prooeis  to  tha 
hydrate  of  methyl-niootine,  sabstitating  iodide  of  ethyl  for  iodide  of  methyl  Its  pn>> 
perties  are  similar  to  those  of -metlr^l-niootane. 

HvdriodaU  of  Ethyl^icotine,  C'*H*'N'.2HI,  obtained  by  the  action  of  iodide  of  ethyl 
on  nicotine  in  sealed  tubes  at  100^,  forms  fine  oolonileas  prisms^  tctt  soluble  in  water^ 
RM^ngly  in  alcohol  and  ether  (Von^Planta  and  KeknU). — ^The  flatniMm-^aU^ 
d*^H^*.2HCL2PtCl*,  is  a  yellow  flocculent  prpcipitate  which  gradually  becomes 
orange  coloured  and  cnrstalUne.-— The  gold  salt,  C*^H''N'.2HCL2AnCl*,  is  a  suh>hnr- 
yellow  precipitate  produced  hj  adding  solution  of  trichloride  of  gold  to  a  solotioD 
of  hydrMihlorate  of  ethyl-nicotine ;  it  is  soluble  in  boiling  water  uid  is  deposited  in 
beautiful  needles  on  cooling. 

AmrL-iriconiini.  Known  only  in  solution  and  in  the  state  of  platinum-salt.  It  is 
prepared  in  the  same  manner  as  the  corresponding  compounds  of  methyl  and  ethyl, 
onW  as  iodide  of  amyl  acts  sluggishlY,  the  tnbes  must  be  neated  for  some  days. 

The  ptatinuntrMU,  C»H"N^2HC1.2Pta',  is  a  yellow  precipitate  not  yet  obtained 
in  the  (Tystalline  state.  C.  G.  W. 

WZCM&unr.  A  riscous  substance  obtained  from  NigfUa  saHva,  (Beiaich, 
Pharm.  Centr.,  1842,  p.  314.) 

VIORXC  AOXa.  This  name  was  applied  by  Lowig  and  Weidmanntos 
black  humus-like  substance  found  among  the  products  of  the  action  of  potassium  or 
■odium  on  oxalic  ether.  They  assigned  to  it  toe  formula  CH'O^  (Handw.  d.  Chem. 
T.  673.) 


A  mixture  of  rutile  with  titaniferous  iron,  occurring  in  brown-black 
ffronules  in  the  gold-sand  of  Ohlafian  in  Transylvania;  also  in  crystals  having  the 
rorm  of  mtile  at  Bemau  in  Bavaria,    (^Rammei§ber^$  Mtnerdtchemie^  p.  1008.) 


An  impure  oxide  of  zinc  which  collects  on  the  sides  of  the 
furnaces  in  the  smelting  of  sine-ores  and  the  preparation  of  brass. 


fAPBTAsa,  anorAPBTBSBt  WZVAVHTISB.    Laurent's  names  for 
moni-,  di-,  and  tri-nitronaphthalene. 


Ninaphihylidine,  C^WT^H)  (C.  S.  Wood,  Chem. 
Gac  1859,  p.  218). — An  orsanic  base  produced  by  passing  sulphvdric  acid  gas  throqgjb 
a  boiling  alcoholic  and  feeUy  ammoniacal  solution  of  dinitronaphthalene : 

C'«H«(NO«)*  +  4H«     -     C'»H«NK)  +   3H«0  +  8*. 

The  passage  of  the  gas  is  continued  for  about  three  hours,  by  which  time  the  greaisr 
part  of  the  alcohol  has  distilled  off.  The  residue  is  then  supersaturated  with  dilnts 
sulphuric  add,  heated  to  boiling,  and  filtered.  The  filtrate  on  cooling  deposits  sulphals 
of  ninaphthylamine,  from  the  solution  of  which  the  base  may  be  precipitated  by  aa- 
monia. 

Ninaphthylamine  cnrstallises  in  beautiful  carmine-red  needles,  slightly  decomposed 
at  100°.  The hudrocMoratf,  C"H»NK).HC1,  forms  acicular  crystals;  the  chloropl^Oi' 
vatr,  C'*n*NK).HCi.PtCl',  is  precipitated  in  yellowish-brown,  rather  soluble  crystiUa^on 
addinjz:  platinie  chloride  to  a  solution  of  the  base  in  ether-alcohoL  T^BSulpkaU 
(C'*H*NH>)'.H^SO',  crystallises  in  white  scales,  but  is  decomposed  by  recrystallisation 
from  its  aqueous  solution. 

mOBZTBy  or  ColumbUe.    Native  niobate  of  iron  and  manganese  (p.  64). 

WXOBUJM.    Syn.  Columbium,    Symbol  Nb. — Atomic  weight,  94. 

A  metal  discovered  in  1801  bv  Hatchett,  in  a  black  mineral  called  eolumbiU  hom 
North  America,  and  thence  oJled  Columbium,    Wollaston  in  1809  irgi^*niiiyj  ft 
further,  and  pronounced  it  to  be  identical  with  the  tantalum  discovered  by  Ekeberg^ 
in  Swedish  tantalite.    This  idea  of  the  identity  of  the  two  metals  remained  etntsBf 
till  1846,  when  H.  Boso  (PogK.  Ann.  Ixiii.  317 ;  Ixiz.  115),  byamoracareftdinTSSti 
gallon,  was  led  to  conclude  that  the  American  columbite  and  the  tantalits  tm 
Bodenmais  in  Bavaria  contained  two  acids  bearing  a  very  close  resemblance  to  tantsl' 
acid,  but  nevertheless  distinct  firom  it,  and  from  each  other.    To  the  metals  snpposi 
to  exist  in  these  adds,  Rose  assigned  the  names  Niobium  and  Pdapium,     But  frc 
later  investigations  (Pogg.  Ann.  xc  456),  he  inferred  that  these  two  adda  oontaiB 
the  fame  metal  asfodated  irith  different  quantities  of  oxygen ;  he  therefore  difcai^ 
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the  tiAmo  pelojpttmii  and  dMignntf<l  iho  motal  foiitid  in  Amerfean  polumbite  nntl 
Baraj^ao  Uatalito  m  otobiom.  Thiis  metal  is  clearly  the  same  u  tJi©  onediflOovoriHl 
bj  Uatcbett  nior*  Uum  m%ty  yi«r«  ago,  uid  onght  perhaps,  in  jiistiee  to  lUidiiRvjvcn^r, 
fo  reuin  the  n&sis  co/timftrHm  vhieh  iiogiiTo  to  it;  but  as  the  redtjcorery  of  the  niutiil 
in  cett&ioly  due  to  Rom,  who  monoorer  pnrpartd  and  aoAljsed  a  considerable  omnber 
of  iti  oompoonds,  chemiata  are,  for  the  moit  part,  agreed  to  desigiiat^  it  by  the  namo 
which  he  asaigncd  to  it,  namely  Niobium,  (Soo  cha  Memoirv  already  rited ;  alao 
Pogg.  Ann.  civ.  310,  432  and  681  ;  cr.  424;  cri.  143 ;  crii.  556;  cviii.  273  and  I6&; 
cju.  193  and  426  ;  cxii,  468  and  549.— Juhresbor.  1858,  p.  l^^l ;  lSd9,  p.  156  ;  1860, 
p.  14A.-^7WuVi  eompUi dt  Chimie  (maft/tiqne,  par  H,  Hoee ;  Piin^,  1858|  1861  j  i  306  ; 
iL  469.) 

Niobitun  ocean,  aa  olrendj  mentioned,  in  colambite,  which  is  a  niobate  of  iron  and 
mangaooae,  in  moat  caaea  piutly  replaced  by  taatoltun  ;  certain  Groenland  cotumbitea, 
howerer,  oontain  niobinm  tmmixed  with  tantalum ;  tantalitefi,  on  the  othor  hand, 
^ntadij  eootain  niobium  aci  well  aa  tantaliun.  (See  TAjrrALUif.)  Niobium  likowinu 
ooCTin  iMOdatfvl  irith  yttrium^  nranniftti  iron,  and  nmall  qnantitieaof  oth«T  metalft,  in 
Siberiwi  aami'  .  also  in  pyrochlore,  eoxonite,  und 

aimfiotyoff 

Now  when  ^i«i.     ........w.;  ,.....,,,,,     ,.^     ,^v..   with  cnustic  allcDli,  or  with  acid 

aulphate  of  potasAium,  and  the  fuHuJ  mass  trt^<itcd  with  wati?r,  &c.,  in  the  manner  to 
be  nereafler  di^scribiMi,  on  oxide  of  niobium  U  obtained,  which,  when  mLxe<l  with 
charcoal  and  i^nitcnl  in  a  Btream  of  ehlorioe,  yieldi  two  cblotine  compounds,  ene  white 
and  the  other  yellow.  These  were  rt^garded  by  Eoae  aa  distinct  eliloride§  of  niobiuoif 
NbCl"  and  NbCl*,  atid  when  treated  with  water,  were  auppoaed  to  yield  the  corre- 
apondiog  oxides  Nb-C  and  NbO'. 

It  waa  r**markablc,  ho* crer.  that  the  lower  oxide  could  not  be  concerted  into  the 
higher  by  dir«et  oxiJntirm  ;  and  for  this  reaaon,  oa  well  aa  on  account  of  certain  diffe- 
renced in  the  blowpip^j  reactioDa,  Roee  rcgarrlcd  theee  oxides,  and  their  corrcisponding 
eoroponndj,  not  aa  rtlated  to  ouo  another  like  different  oxidcMi,  chlorides,  &c,  of  one 
and  the  tame  metal  (ihe  ferroua  and  ferric  compound.*)  for  example),  but  ratlior  aa 
diattneC  aariea  of  compounds  containing  the  same  metal  in  different  atlotropic  modifi- 
cationa.  Hence  hedeaignatvd  the  higher  oxide,  ^.,  as  componnda  of  ta&bium;  the 
lower  aacomponnda  idnifponirMnm,  But  on  the  other  hand,  the  two  ehloiidea  were 
found  to  be  a>nTertible,  one  into  the  other,  anri  by  their  interreniion  the  higher  oxide 
could  be  formed  from  the  lower;  moreriver  the  lower  oxide  ap[]«ared  to  be  formed 
(though  not  readily)  from  the  higher,  by  the  action  of  hydrogen  and  other  reducing 
agenta.  In  thcae  reapecta.  ther&for?,  the  ao-caUed  hypooiobium  compoandt  seemed 
to  be  related  to  the  niobium  compomida  in  the  aame  manner  aa  different  oxides,  ^Icc, 
of  the  same  metal. 

The  oltie  to  the  ei^lanatlon  of  all  these  anomalies  has  been  furnished  by  the 
recent  inTeatigatioiia  m  Marignac  (Compt.  rend.  Ix.  234,  1356;  Ann.  Ch,  Fharm. 
cxxxT.  49;  cxxxTi.  295;  Archives  de«  Si'ieners  physiques  et  natnrellce,  xxiii.  167, 
249  ;  XXT.  6;  Jahresb.  1865,  p.  1U8),  which  have  «hown  that  there  is  but  one  chlo- 
ride of  niobium,  vix.  the  yellow  clilorido  above  tiientioned,  which  is  a  pentachloride, 
NbCl*  ;  that  the  white  chlorine^ompound  formed  at  the  same  time  is  an  oxychlo- 
ridc,  NbOCl*;  that  botb  these  compaunda  when  treated  with  water,  yield  the  penr 
toxideNb^O*,  which  is  identical  in  all  it*  properties  with  Rose's  lower  oxide  (Nb'O*); 
and  that  hk  supposed  higher  oxide  (NbO*),  waa  merely  a  mixture  of  niobic  and  tan- 
talic  oxides;  in  tact  Roees  experimenta  were  matle  with  niobium  compounds  pre* 
pored  from  columbite«  containing  tantalum  aa  well  aa  Diobium;  and,  according  to 
his  own  descriptions,  the  so<eaUcd  niobic  acid  and  ita  aalta  (originally  regarded 
oa  oOBpounds  of  a  distinct  metal — pelopium),  invariably  exhibited  characters  inter- 
madiatii  between  the  corresponding  compoanda  of  hyponiobium  and  tantalum, 
Murignac'a  reaiiUa  have  bten  conftrmed  by  Blomstrana  (J.  pr.  Chem.  xcvii.  57; 
Jiihrab.lS66,p.  207). 

MfUdUc  niohtum  is  obtmncd,  according  to  Rose,  by  heating  fluoride  of  niobium,  or 
ffnoride  of  niobiam  and  potaoahuD  or  sodium,  with  sodium  in  a  covered  iron  crucible, 
and  washing  out  the  soluble  ealti  vil^  water.  It  la  a  black  powder,  of  specific 
grarity  6-27— 667,  which  oxidises  with  incaadesoetice  when  heated  in  the  air. 
forming  niobic  oxide,  Nb*0*«  When  aomewhat  atroiijgly  heated  in  ehl^mne  ^a*,  it  U 
converted,  also  with  incandescence,  into  a  mixtnre  of  niobic  chloride  and  oxychloride. 

According  to  Delafontaine  (Jahresb.  1866,  p.  205)  the  product  obtained  as  above 
is  notmetA  lie  niobium,  but  a  protoxide,  NbO,  which  is  not  attacked  by  water,  caustic 
alkalis,  or  1  trong  acids,  even  at  the  boiling  beat.  The  presence  of  oxygen  in  it  was 
not  directly- < proved,  but  was  inferred  from  the  formation  of  oxychloride,  NbOCl*,  on 
heating  it  in  chlorine  iraa,  and  from  the  quantity  of  oxygen  required  to  convert  it  info  the 
pentoxide.     For  mctiillie  niabium  this  qujintitv  shoidd  be  2985  per  rent,  of  its  weight ; 
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for  the  protoxide  22*64  'per  cent.  Now  Delafontaine  found  that  the  black  powder,  when 
roasted,  gained  from  17  to  10*3  per  cent,  of  its  weight;  and  the  increase  observed  by 
Rose  was  from  20*6  to  22*2.  According  to  Blomstrand,  pure  niobic  chloride  is 
reduced  by  hydrogen,  at  a  red  heat,  to  iridescent  steel-grey  metallic  niobium. 

WZOBZUai,  BSOMZBB  OV.  Niobic  bromide  and  oxybromido  are  analogous 
in  composition  to  the  chloride  and  oxychloride,  and  are  obtained  by  similar  processes ; 
the  former  is  purple  red,  the  latter  yellowish ;  both  are  apt  to  retain  small  quantities 
of  free  bromine. 

WZOBZmCa  CB&O&ZDB  OV.  NbCl*.  This  compound  is  obtained,  together  with 
the  ozychloride,  by  the  action  of  chlorine  at  a  red  heat  on  the  corresponding  oxide 
mixed  with  charcoal.  Niobic  oxide,  separated  from  columbite  by  processes  to  be  here- 
after described,  is  mixed  with  starch  or  sugar,  and  the  mixture  completely  charred  by 
ignition  in  a  covered  crucible.  It  is  then  introduced  in  small  pieces  into  a  glass 
tube,  which  is  strongly  heated  by  a  charcoal  fire  or  a  gas  furnace,  while  a  stream  of 
dry  carbonic  anhydriae  is  passed  through  it.  As  soon  as  all  the  moisture  is  expelled, 
the  tube  is  left  to  cool,  the  stream  of  carbonic  anhydride  being  still  kept  up;  the 
carbonic  anhydride  apparatus  is  then  replaced  by  a  chlorine  apparatus ;  and  the  tube 
is  again  heated  after  the  carbonic  anhydride  and  atmospheric  air  have  been  com- 
pletely expelled  by  the  chlorine.  Two  chlorine  compounds  are  thus  obtained — viz. 
nidnc  oxychloride,  white,  volatile,  but  not  fusible,  and  niobic  chloride^  yellow,  volatile, 
and  easily  fusible. 

Niobic  chloride  is  yellow.  It  is  converted  bv  water  into  niobic  oxide,  Nb'O*,  and 
hydrochloric  acid ;  by  aqueous  ammonia  into  nio!)ic  oxide  and  chloride  of  ammonium  ; 
yielding,  according  to  Marignac,  65*28  pts.  of  chlorine  to  49*39  niobic  oxide,  the 
calculated  quantities  being  65*38  chlorine  to  49*35  niobic  oxide.  Its  vapour-density, 
according  to  Deville  and  Troosl;  (Compt.  rend.  Ix.  1221  ;  Ann.  Ch.  Fharm.  cxxxvi. 
249),  is  9-6  ;  calculation  from  the  formula  NbCP  gives  ^4  +  5  .  85*5  ^  q.qq^^  ^  9.4 

Niobic  chloride,  treated  with  strong  sulphuric  acid,  gives  off  hydrochloric  acid,  and 
forms  a  solution  which  becomes  turbid  on  boiling,  and  solidifies  to  a  jelly  on  cooling. 
It  dissolves  in  hydrochloric  acid^  and  with  aid  of  heat  in  aqueous  jw)^<wA.  With  alcohol 
it  forms  a  clear  solution,  which,  when  freed  by  distillation,  from  alcohol,  h^^drochloric 
acid,  and  chloride  of  ethyl,  leaves  a  thick  syrupy  liquid,  consisting  ofniobate  of 
ethyl.  Zinc  immersed  in  the  hydrochloric  solution  of  niobic  chloride,  diluted  with 
water,  produces  a  fine  blue  coloration ;  a  still  finer  colour  is  obtained  by  pouring 
sulphuric  acid  on  niobic  oxychloride,  then  adding  water  and  metallic  zinc. 

Niobic  oxychloride^  NbOCl',  is  white,  and  contains,  according  to  the  analysis  of 
Deville  and  Troost,  432  per  cent,  niobium,  48*9  chlorine,  and  7'3  oxygen,  the 
formula  requiring  43*3  niobium,  49*4  chlorine,  and  7*3  oxygen.  The  va^ur-density, 
determined  by  the  experiments  of  Deville  and  Troost,  is  7*9 ;  calculation  from  the 
formula  NbOCl«  requires  ^^   "^    16   +   3  .  35*5    ^    ^.^^^3   ^  ^.^     ^j^j^  compound 

is  instantly  converted  by  water  into  niobic  oxide : 

2Nboci«  +  3H«o    -    enci  +  Nb«0*. 

Heated  in  vapour  of  disulphide  of  carbon,  it  is  converted,  according  to  Delafontaine 
into  niobic  oxysulphide,  Nb'CS*. 

WZOBZUai,  BBTSCTZOW  AVB  B8TZMATXOW  OV.  1.  Reactions, — 
The  compounds  of  niobium  cannot  easily  be  mistaken  for  those  of  any  other  metal, 
except  tantalum.  Indeed  these  two  metals  may  be  said  to  form  a  group  apart,  dis- 
tinguished by  marked  characters  from  all  others,  especially  by  the  perfect  insolubility 
of  their  oxides  in  acids  after  ignition,  and  by  their  blowpipe  reactions ;  further  by 
the  fact  that  when  fused  with  excess  of  acid  sulphate  of  potassium,  they  dissolve,  forming 
a  fused  mass  from  which  the  oxide  of  niobium  or  of  tantalum  may  be  completely 
separated  in  the  insoluble  8tat«  by  dissolving  out  the  soluble  salts  with  water ;  from 
silica,  which  resembles  these  oxides  in  its  insolubility  in  acids  after  ignition,  they  are 
easily  distinguished  by  their  blowpipe  reactions. 

Niobic  oxide  heated  before  the  blowpipe,  especially  in  the  inner  flamp,  assumes  a 
greenish-yellow  colour  while  hot,  but  becomes  colourless  on  cooling.  With  borax  it 
forms  in  the  outer  flame  a  colourless  bead,  which,  if  the  oxide  is  in  sufficient  quantity, 
becomes  opaque  by  interrupte<l  blowing  or  flaming.  In  the  inner  flame  the  bead 
assumes  a  grejrish-blue  colour,  provided  it  contains  a  sufficient  quantity  of  the  oxide 
to  produce  opacity  on  cooling.  In  microcnsmic  m//,  niobic  oxide  dissolves  in  large 
qoantity,  forming  a  colourless  bead  in  the  outer  flame,  and  in  the  inner,  a  violet- 
coloured,  or  if  the  bead  is  saturated  with  the  oxide,  a  beautiful  blue  b<»ad,  the  colotip 
disappearioff  in  the  outer  flame.  The  addition  of  ferrous  sulphate  changes  the  colour 
to  blood-red. 
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Afl  the  tuobium-coiDpDtiiids  Iiitbert4>  dij»coTeir«ci  b  naturAl  miocFils  nn  sal  U  of 
niobic  acid.  The  niobates  \»ia  ii  close  nNieinblnncc  to  tb«  Untatairfi.  but  arc  distio- 
gutfibtHl : — 1.  By  the  tbtj  different  dttoaities  of  tbe  oxides  or  aiihjdrtdeA  obtninod  from 
tbotn«  tantaLic  oxide  haTizig  a  d^nmtj  of  7'B,  wher^a^  that  of  niobie  oxide  ie  only 
about  ♦6.-2.  By  tbe  bohariour  of  tbeae  oxides  before  the  blowpipe.— 3.  By  the 
bebnrioiir  of  the  eoltttioiie  of  the  alkaline  TiwbfilAfl  and  taotal&tes  with  hydrochloric 
acid  at  OfdinaiT  temperatures,  the  precijii  i.  oxide  boing  ia*olubl*^*  ia  exc««s 

of  that  acid,  wnpreae  the  tAntalic  oxide  ]  I  frfjm  tho  ttmtalates  dissolvDs  in 

nxt06B  of  bydrochlorie  acid,  forming  a  t^nvn'iv  --'pitiioe  liquid. — 4»  The  r^tiidue  left 
on  (»rapamti]i^  the  eolations  of  th<4  Alkuline  niobates  may  b«  bc^attd  (but  not  cjOciricHl) 
without  giviiig  nm  to  thij  (9«::|]«u'atiuu  of  acid  Batte  insohibie  in  tlie  aUuUiup  liquid* 
wbifrciaa  with  the  tantabU^^^  a  rery  considerable  ^rt ion  of  the  salt  is  ftoparat^xl  in  this 
uiflolable  condition. — 5,  Kiobic  o»ide  is  also  d!Ptiti^ii*h<*d  fW>m  taotalie  oxido  by  the 
factiity  with  which  it  ii  d«?ompoBod  by  ammon  i  ,  fine  acid  g?uj. 

6,  The  aikaline  niobates  in  solution  may  \n  nim  the  tafit^latej;  by 

their  roacHotui  with  hydrochloric  add,  sal-amiiituiar,  iKinHvriuide  of  potassium,  and 
infiieion  of  gidlit,  the  taut  three  reagents  being  added  to  acid  sulutioas. 


Hydrochloric  acid. 
Chlorida  of  ammonium. 

FentKjanide  of  potaa- 

Fenncgranide  of  potas- 

■iiim. 
luAiBion  of  galla. 


I^ihaifi. 


White  (vrecipitaie  iusuluble 

in  excess. 
PredpitatioD  slow  and  in- 

complete. 

Bod  piecipitate. 

Bright  yellow  precipitate. 

Orange*ted  precipitate. 


TantalaUs. 


White  precipitate  soluble  in 

excess. 
Complete  preeipitatiQn   aa 

acid  tantalate  of  ammo^ 

nium. 
Vcllow  precipitate. 

White  precipitata. 

Laghl  y allow  precipitate. 


2.  BMtimation  and  Separation, — Tbe  native  niobates  are  partially  decom- 
posed by  heating  with  strong  sulphuric  acid,  and  completely  by  fusion  with  clastic 
alkalia.  or  by  loiig-continnod  fustou  at  a  vary  high  trnipi^riUure  with  alkaline  ear- 
bonatee.  A  Wtar  method,  howevor  is  to  fuse  th*>  Icvigat^Ni  columbite  in  a  platinum 
crctcible  with  six  or  ei^l  times  its  weight  of  acid  sulphate  of  potassium  ;  pulverise 
the  mass  when  cold ;  and  boU  it  repefttadly  with  li>psh  quantidea  of  water  till  u*y 
mom  sulphate  of  potawrinfn,  iraa,  or  fnaqgutaas  is  dissolTed  out  of  it.  The  residue^ 
which  consists  of  hydrated  niobio  scid  mixed  with  ferric  oxides  stannic  acid,  and 
tungstic  acid,  is  then  digfvted  in  sulphide  of  ammonium  coniaining  excess  of  sul- 
phur,  which  removes  the  etannic  and  tungstic  nc)d»,  and  cr.>nv<3rt«  the  iron  into 
ffulphidi^ ;  the  liquid  is  filtered*  and  tho  niobic  acid  WBj<he<i  with  water  containing 
aulfihtda  of  ammoniutiij  then  l>oiled  with  strong  hydrochloric  acid  to  remove  iron, 
mftBOUMse^  uranium,  corium,  copper,  ^c,  and  finAtiy  wH««hed  with  boiling  wat^^r. 
Tbeliydratad  niobic  acid  thus  prtpartni  is  convieitcHl  intJj  the  anhydride  by  ignition. 

Homo  eolumbites  contain  titan  ic  aciiL  To  separat4.4  thift,  the  mineral  is  foasd  with 
al*out  twelve  time»  its  weight  of  acid  sulphate  of  [*atassinm,  and  t-he  fused  maas  is 
tjtsated  with  cold  wat€ir.  Acid  sulphate  of  titanic  oxide  then  dissolves,  while  th«  sul« 
.phute  of  niobic  oxide  remains  undiHttolvod.  Tho  residue  is  then  washed  with  water; 
but  to  obtain  r        '  *  •*  is  necessary  to  refieat  this  treatment  both  with 

Uiiri  riWiduo  n'.  1  precipitated  from  the  filtrate  by  ammonia* 

Th**  Bcpanir     .^ntalum  is  effi<cted  by  means  of  acid  jf]«er«2«  a^ 

pntaMtum twhtM^hy  tbe  tuntjUum  i»  converted  into  t) uotiintalate of  potassium,  lequmag 
lAl  to  1A7  pt**'  of  water  acid uUted  with  hydrotldoric  acid  to  dissolve  it  at  oidinaiT 
tempt^ratures,  and  the  niobinm  into  fluoxyniobnte  of  iy>tn«sium«  2KF.NbOF'^*0, 
soluble  in  12  to  13  parts  of  cold  water.  The  finely  pidverj*^  mineral  in  fused  with 
five  or  six  tin^  ■  rht  of  acid  potassium-suljihnte  ;  and  tho  nUAuc  at'id  thereby 
separiiterl    i^  wached,  then  ignited  and  Wfi^fhcil ;  s^ntn    fus^xl  with  acid 

potm»ei«m-Mu!j  .  H'l  out  with  water,  and  dJFSolvi'd  in  hydr^lnorio  acid.  Tlin 
solution^  beat  Ad  to  the  t>oilirtg-point,  is  mixed  with  a  small  qmmfity  of  bydnjpotasKi*' 
fiaoride  (0  'i6  ^mi.  to«'ach  gr»imme  i>f  the  mixed  niobic  and  tmtiilic  oxiden),  and  if 
no  crystal  I  i  wit  ion  takes  phic#t,  it  h  (^vaporatecl  to  a  smaller  bulk  (alMiut  7  cub.  cent,  for 
1  gramme  of  the  mixf^l  oxidoN\ ;  and  the  potiWHio-tantali**  fiutirirte  which  th*»fi  «i*«pir- 
ratea,  is  collected  <'u<^         '     '  till  the  filtriite  no  longnr  t<ives  tbe  reaction       i  , 

(an  oiange-yellow   ,  i   with  tinctnrr^  o(  jii^lU.     I\v  treviting  the  i 

wash-waters  in  a  su. :..  ...inr.  nnJ  withcertJiin  precaulioas detailed  in  2*i^x,^i,t^  » 
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memoir,  the  separation  of  the  niobiam  and  tantalwrn  may  be  effected  almost  com- 
pletely. 

From  the  alkali  8,niobic  acid  may  be  sejparated  if  in  solution,  by  predpitatbnwitli 
snlphuric  acid ;  if  in  the  form  of  an  insoluble  compound  (as  in  tyrite),  by  fusion  with 
sulphate  of  ammonium. 

For  further  details  on  the  separation  of  niobium  from  other  elements,  see  H.  Bose, 
TraiU  de  Chknie  andlytique,  ii.  469. 

The  atomic  weight  of  niobium  was  estimated  by  Bose  at  98 :  but  the  number 
94  determined  by  Marignac  from  his  analysis  of  the  niobates  and  fluoxyniobates 
agrees  Tery  closely  with  the  yapour-densities  of  niobic  chloride  and  ozychloride^  as 
determinea  by  DeyiUe  and  Troost,  and  is  now  admitted  to  be  correct. 

WZOBZUIK,  rXiirOBZWa-OOBKFOmrBS  of.  Niobium  forms  a  fluoride 
NbF*,  and  an  oxyfluoride  NbOF*,  analogous  to  the  chloride  and  ozychloride  ;  both 
form  double  salts  with  the  chlorides  of  the  alkali-metals  and  other  basic  metals. 

Fluoxyniohates. — By  dissolving  niobic  acid  in  hydrofluoric  acid,  an  oxyfluoride 
of  niobium  is  obtained,  haying  the  composition  NbOF*,  and  forming  salts  isomor- 
phous  with  the  fluotitanates,  fluostannates,  and  fluotungstates. 

Potaaaium-aalta. — Asolutionof  niobic  acid  in  hydrofluoric  acid  mixed  with  fluo- 
ride of  potassium  yields  a  series  of  fluoxyniobates,  flve  of  which  have  been  obtained  by 
Marignac  in  deflnite  form.  One  of  these  is  permanent ;  the  others  are  converted  into 
this  normal  salt  by  recrystallisation.  The  fluoniobate  crystallises  out  only  in  presence 
of  excess  of  hydrofluoric  acid.  All  the  fluoxyniobates  are  insoluble  in  a  saturated 
solution  of  potassium-fluoride ;  and  more  soluble  in  warm  than  in  cold  water.  From 
the  perfectly  clear  solution,  ammonia  throws  down  niobic  acid  containing  potash.  By 
evaporation  with  sulphuric  acid,  they  are  decomposed ;  and  on  treating  the  prroduct 
with  water,  niobic  acid  remains  as  an  insoluble  powder,  very  easy  to  wash,  while  the 
whole  of  the  alkali  remains  in  solution.  This  reaction  is  available  for  the  quantitative 
analysis  of  these  salts.    The  individual  salts  are  as  follows : 

a.  Laminar  or  Normal  salt^  2KF.NbOF*.H'0. — This  salt  separates  from  aqueous 
solution  in  very  thin  lamins,  so  that  moderately  concentrated  solutions  solidify  to  a 
jelly.  In  presence  of  a  small  quantity  of  free  hydrochloric  acid,  it  cirstallises  in 
rhomboidai  tables,  belonging  to  the  monoclinic  system,  and  exhibiting  the  combina- 
tion ooP  .  oP .  ooPoo .  +  Poo .  +  3P,  sometimes  also  with  +  P  and  +  |P.  Angle  ooP  : 
ooP  (clinod.)  «  92<»  C;  oP :  +Pao  =  dl""  26';  +3P:  +3P  =  90^  IC;  +  8P  : 
+  Pao  ■-  126^  34'.  It  is  therefore  isomorphous  with  flnotitanate  and  fluoxytung- 
state  of  potassium.  It  gives  off  nearly  all  its  water  at  100^,  and  is  not  dectMnposed 
at  200°.  It  dissolves  very  easily  in  not  water,  and  requires  for  solution  from  12*5 
to  13  pts.  of  cold  water  (at  17°  to  21^),  in  presence  of  hydrofluoric  acid  somewhat 
less. 

0.  Cuboid  salt,  3EF.NbOF'. — Crystallises  from  solutions  containing  excess  of 
potassiimi-fluoride,  in  forms  resembling  the  cube  but  not  belonging  to  the  monometrie 
system ;  when  recrystallised  from  water  it  yields  the  salt  a. 

y.  Aeicuiar  salt,  3KF»NbOP.HF. — Separates  from  solutions  containing  excess  of 
hydrofluoric  acid  and  potassium-fluoride,  in  slender  needles,  or  by  slow  arst&llisation  in 
well-developed  monoclinic  prisms  exhibiting  the  combination  4- P  .  —  r  .  ooP  .  osPoo. 
oP,  sometimes  united  as  twins  by  the  side  ooPoo ,  and  thence  resembling  rhombic 
octahedrons.  Angle  ooP  :  ooP  «  116°  SO' ;  -P  :  -P  (clinod.)  -  138°  60';  -i-P: 
+  P  (clinod.)  -  136°  84';  ooP  :  -P  -  134°  8'.  The  salt  does  not  alterat  lOQO.but 
when  heated  to  its  melting  point,  it  is  converted  into  the  anhydrous  salt  3ElFJn>0F'« 

8.  Hexoffonal  salt,  6KF.3NbOF».H*0. — ^When  a  solution  of  niobic  acid  in  hydro- 
fluoric acid  is  mixed  with  less  than  an  equivalent  quantity  of  potassium-fluoride,  the 
salt  a  crystallises  out  flrst,  and  afterwards  the  hexagonal  salt  in  apparently  hexa- 
gonal monoclinic  prisms,  mostJy  grown  together  and  imperfectly  developed. 

«.  TVic^tnic  salt,  4KF.3NbOF».2H*0. — ^When  an  excess  of  niobic  fluoride  has  accu- 
mulated in  the  mother-liquor  of  the  last-mentioned  salt,  the  tricUnic  salt  ultimately 
crystallises  in  intergrown,  apparently  rectangular  prisms. 

Fluoniobate  of  Potassium,  2KF.NbF»,  is  obtained  by  dissolving  the  fluoxynio- 
bate  a  in  wann  hydrofluoric  acid,  and  crystallises  on  cooling  in  needle-shaped  tri- 
metric  crystals  isomorphous  with  the  fluotantalate,  and  exhibiting  the  combination 
ooP  .  ooPoo  .Poo.  Angle  ooP  :  ooP  -  112°  80';  ooP  :  oofoo  =  124°;  ootoo  :  Pco 
«116°  10';  Poo:  Poo  B  120°  30'.  The  crystals  give  off  hydrofluoric  add  when  heated 
alone  in  contact  with  the  air ;  with  excess  of  lead-oxide  they  may  be  frised  at  a  red 
heat  without  loss  of  weight.  Their  aqueous  solution  prepared  at  a  hig^  temperatare, 
yields,  on  cooling,  a  crystallisation  of  laminar  potassium  fluoxyniobate  (a),  and  a  Tery 
add  mother-liquor. 
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Th9 /Iu0jtuni9h9t«  And /ll$oniohateo>/49dium  mre  abtamad  bj  Marigoa^ 
oti]j  in  crjiUUiiitt  crustg  whieb  nppflun^d  to  be  mi^ttures. 

Fluoxj/miobates  0/  Ammonium. — Several  of  the^e  sulU  were  obt&med  in  the 
iUDe  mAtmer  aji  the  poteesiimi-tAlU ;  thtj  are  all  likewise  converted  hj  leciTBtaUiflatioa 
into  one  and  the  tame  laminar  salt. 

a.  Laminar  aalt,  2NH*F.KbOP. — Not  i»omorpboiui  with  the  correspoDding  potas- 
attun-ealt,  and  much  more  eoluble  than  the  latter.  The  crytftala,  wbidi  belong  to  the 
trimetric  eyvtem,  exhibit  the  combinattoit  P»  ,  |^l*«  .  ^m .  ^I^oo .  oP,  and  aeanme  a 
tabular  form  in  consequence  of  the  development  of  the  baeal  ^icea.  Angle  oP  :  Pgo 
•  n2«8y;oP:  !?«  -  Ul<^30';oP:  P»- ISi'^dO'iPoorP*  =  106**  iC.  The 
lalt  may  be  heatad  to  ISO^  without  loss  of  weight. 

3.  CuHe  saii,  8NH*F.NbOP. — CrjftiUlijice,  like  baaic  fluozittonate  of  ammomum^ 
in  cubes  or  cabo-octahedroQi. 

y.  BeMgtmtd  Salt,  5KH*F.3NbOF*.HK).'— Crystalliaefl  from  Bolutions  oontalning 
eseen  of  niobic  fluonde,  in  short  hczagooal  priama,  acuminated  hj  a  very  obtttae 
pjramid  of  the  second  order. 

a,  Bsctan^fular  salt,  NH'F.NbOF*.— Separatea  from  the  mother^li^uor  of  the  pre- 
ceding salt  in  ^iroape  of  fsnr^eided  priama,  the  crystalline  form  of  which  could  not  be 
axactiy  dtftermined. 

FlwmiabaU  of  Ammtmkim  has  not  been  obtained  pore ;  a  eolation  of  the  laminar 
ealt  a  in  excees  of  hydrofluoric  add»  yields,  on  cooling,  a  cubic  double  salt  containing 
2NH*F.NbP  +  NH*F,NbOP. 

Ftuojyniohatt  0/ Copper^  CaP.NbOP.4H'0,cryHtttlliBeefromverycoDcentnitcd 
solutions  m  blue  ehining  flat  octahedrons  belonging  to  the  monoclinic  evfltem  and  ex- 
hibiting the  combination  +  P ,  -P .  oep ,  [  ooPoo  ] . oP,  Angle  «P  :  aP  «  106«>  M ; 
»P  :  [  opP*  ]  -  12e«  so'  ;  oP  :  -P  -  142*'  20' ;  oP  :  a>P  -  100^  iCK.  The  crystaU 
afe  hygroscopic  and  rerj  aolnble. 

Ftnox^n  iohate  ofZinct  ZnP.NbOP.6RH>»  crystallises  in  the  hexagonal  syvtem, 
either  in  needle-shapcKi  prisms  or  in  apparent  dodecahedrons,  on  which  the  pnarn  has 
been  obseired  together  with  the  primary  rhombohedron  and  a  subordinate  acuter 
rhombohedrOD.    Angle  R  :  K  in  the  terminal  edges  »  137*^  G" ;  R  :  odP  =  116''  25\ 

All  these  fluozyoiobates,  with  the  exception  of  one  of  the  polAesium-  and  one  of  the 
ammoatnm-<alU  of  somewhat  complicated  conttitntion,  have  their  corresponding  termst 
aa  KgBidi  ciTstalline  form  and  chemical  comiiitutioD,in  thegroiipi  of  the  iluotitanates, 
flnoslannatas,  flttotongstatee,  and  fluozircoQates,  the  flnorina  ana  oxygen  replacing  one 
another  isomorphooaly ;  thus  the  Aci<;ulAr  potassium-salt,  3KF.HF*NbOP,  is  isomoi^ 
phous  with  flnofltanoate  of  potasiiium,  SKF.HRSdF^  ;  the  lamellar  ammonium-salt, 
'2NH*F.NbOF,  with  fluodmgstaU?  of  ammonium,  2NH*F.WO*P-  the  cubic  ammo* 
nium-salt,  3NH*F.N10P,  with  fliiozirconate  of  ammonltim*  3NH*F^rP;  the 
ainc*<saU  with  the  fluostannatc,  fluotiilicate,  and  fluotitanate  of  zinc,  &c.  It  was  the 
isomorphism  of  thefte  salts  which  flrst  led  Marignac  to  the  discovery  of  the  true 
oonstltution  of  the  niobium-compounds. 

irSOBXUHft,  amtXBS  of*  Obtained  by  heating  niobic  chloride  in  ammonia 
gas.  Ii  is  a  dull  t^laek  powder  which  conducts  electzicity,  is  not  attacked  by  nitrie 
acid,  scarcely  by  nitromoriatic  acid,  but  easily  by  a  mixture  of  nitric  and  hydroflttOfio 
acids, 

WZOMTUWLt  OMX^WB  OP.  Niobium  forms  a  p^ntoxide  NbK)^,  analogons  tO 
the  pent4ichlorido  ;  also^  acconling  to  Belafontaine,  a  protoxide  and  a  dioxide* 

PnoTOXiDV,  KbO.  This  is  the  black  powder  (regarded  by  Hose  as  metallic 
niobium),  obtained  b;^  igniting  fluoride  of  niobium  and  potaasmm  with  pota^eiuin 
(the  oxygen  being  denved  from  the  air«  p.  49 )« 

It  appear*  also  to  be  formed,  according  to  Deville  and  TrooRt  (Jahresb*  1865  i 
p<  311),  by  the  action  of  magnesium  on  the  vapour  of  niobic  oxychloride  : 

2NbOa>   +   Mg«     »  SMgCl*  -K   2NbO: 
and  by  heating  fluoxyniobate  of  potassium  wiUi  sodium  : 

2KF.NbOP   +  Na»     =     3NaF  +   2KF  4   NbO. 

Dioxif>B«  NbO*.  This  oxide  remaina  as  a  dense  black  nowder  with  a  tingo  of 
blue,  when  the  pentoxide  is  heated  to  whiteness  for  several  hours  in  a  &treara  of 
hydrogen  (whereupon  if  loses  nearly  6  per  cent,  of  its  weight).  It  is  permanent  in 
the  air  at  ordinary  temperatures,  but  when  heated  to  rcdneae,  is  converted,  with  in- 
candescence, into  white  niobic  oxide,  taking  up  from  6 22  to  638  per  cent,  oxygen, 
(cale.  A'3I  per  cent.)  It  ia  not  attacked  by  water,  coiicrntrattHl  acidfi,  or  caustic 
alkaliSr  i»ithar  in  the  cold  or  at  the  boiling  heat.     (D e  1  a fo n  t  a  i  n  e). 
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Pentoxidb  ofNiobiuil  Niobic  Oxidr  or  Anhtdridb.  In  the  hydzttted 
stat«,  Niobic  Acid.  This  oxicb  may  be  prepared :  1.  By  decompoeiDg  niobic  chloride 
or  oxychloride  with  water. — 2.  By  fusing  columbite  or  other  minerals  containing  it 
with  acid  sulphate  of  potassium  and  treating  the  fused  mass  with  water  &c.,  as 
described  in  speaking  of  the  estimation  of  niobium  in  these  minerals  (p.  51). 

Niobic  oxide  is  white,  but  becomes  yellow  when  heated,  the  colour  disappearing 
again  on  cooling.  Its  specific  gravity  Taries  according  to  the  degree  of  heat  to  which 
it  haa  been  exposed  in  preparation.  When  prepared  from  columbite  by  fusion  with 
acid  sulphate  of  potassium,  and  perfectly  purified  from  tantalic  oxide,  it  has  after 
ignition  a  specific  gravity  of  4-37  to  4*46  ;  that  obtained  by  prolonged  ignition  of 
fluoxyniobate  of  ammonium  has  a  specific  gravity  of  4-51  to  4*53  (Marignac). 
That  prepared  by  the  action  of  water  on  the  chloride  is  a  hydrate  (niobic  acid) ;  it  la 
amorphous  and  has  a  density  of  5*25 ;  but  by  exposing  niobic  oxychloride  to  moist 
air,  so  that  it  may  be  slowly  decomposed,  a  crystalline  hydrate  is  formed  having  a 
density  of  4*6 — 4*7.  By  exposing  the  amorphous  hydrate  to  a  red  heat  for  a  long 
time,  or  to  a  white  heat  for  a  shorter  time,  it  is  converted  into  anhydrous  niobic  oxide 
having  nearly  the  same  density  as  the  crystalline  h^^drate.  At  the  highest  tempera- 
ture of  a  porcelain  furnace,  the  oxide  is  converted  into  a  sandy  powder  consisting  of 
microscopic  crystals,  of  specific  gravity  4  00 ;  in  one  experiment  it  was  fused  at  this 
high  temperature,  and  formed  on  cooling  a  radio-crystalline  mass.     (Rose.) 

The  hydrate  prepared  by  the  action  of  water  on  the  chloride,  and  likewise  that  pre- 
cipitated by  hydrochloric  acid  from  solutions  of  alkaline  niobates,  exhibits  bright  incan- 
descence when  calcined;  the  oxide  containing  sulphuric  acid  obtained  by  f^in^ 
columbite  with  acid  sulphate  of  potassium,  does  not  exhibit  this  phenomenon. 

Niobic  oxide  heated  m  hvdrogen  gas  turns  grey  and  is  partially  reduced ;  the  Iosb 
of  weight  amounting,  according  to  Rose,  to  1  per  cent.,  according  to  Delafontaine 
to  6  per  cent,  (tantalic  oxide  suffers  no  reduction).  Niobic  oxide  is  decomposed  by 
ignition  in  a  stream  of  sjUpht/dric  acid  gas,  or  vapour  of  sulphide  of  carbofif  being 
converted  into  niobic  sulphide  (Rose),  oxysulphide  (Delafontaine).  Ignited  in  am- 
monia  ffos  it  turns  black,  gives  off  a  large  quantity  of  water,  and  is  partly  converted 
into  a  nitride  (p.  53). 

Niobic  oxide  after  ignition  is  insoluble  in  all  acids.  The  hydrate  dissolves  with 
difficulty  in  hydrochloric  acid,  so  that  when  an  alkaline  niobate  is  precipitated  by  an 
excess  of  hyd&ochloric  acid,  the  filtrate  retains  only  a  small  quantity  of  niobic  add 
in  solution ;  but  on  boiling  for  some  time  with  strong  hydrochloric  acid,  and  then 
adding  water,  a  considerable  quantity  is  dissolved,  and  by  repeating  this  treatment 
with  acid  ancl  water  two  or  three  times  on  the  residue,  the  whole  may  be  ultimately 
dissolved.  The  hydrate  dissolves  easily  in  hydrofluoric  acidf  but  is  nearly  insoluble  in 
nitric  acid.  ' 

Niobates. — Niobic  oxide  unites  ^rith  basic  metallic  oxides,  forming  definite  salts, 
several  of  which  occur  as  natural  minerals.  The  niobates  of  the  alkali-metals  axo 
produced  by  fusing  niobic  oxide  with  the  hydrates  of  those  metals,  or  by  boiling  niobie 
acid  with  solutions  of  caustic  alkalis. 

The  alkaline  niobates  are  likewise  soluble  in  solutions  of  potash  and  carbonate  of 
potassium,  but  dissolve  with  great  difficulty  in  excess  of  soda  and  carbonate  of  sodium. 
Niobic  acid  is  precipitated  from  it«  alkaline  solutions  by  acids,  especially  by  sulphttrie 
acid,  even  at  ordinary  temperatures  (the  precipitation  of  tantalic  acid  requires  tne  aid 
of  heat).  Oxalic  acid  does  not  affect  alkaline  niobates  ;  but  carbonic  acid  gas  precipi- 
tates an  acid  salt  soluble  in  a  large  quantity  of  water ;  acetic  acid  and  scu-ammontao 
also  form  precipitates,  but  the  precipitation  by  the  latter  is  slow  and  imperfect,  es- 
pecially if  the  solution  contains  carbonate  of  potassium  or  sodium.  A  solution  of  an 
alkaline  niobate,  acidulated  with  sulphuric  or  hydrochloric  acid,  forms  a  red  preci- 
pitate mth/erroci/anide  of  potassium,  bright  yellow  with  the  ferrici/anide,  and  orange- 
rod  with  infusion  of  gaUs.  A  piece  of  zinc^  immersed  in  the  acidulated  solution, 
forms  a  beautiful  blue  precipitate,  which  after  a  while  changes  to  brown.  Tantalates 
yield  only  a  faint  blue  colour  with  zinc,  on  addition  of  a  very  large  quantity  of  hydro- 
chloric acid. 

Niobates  of  Potassium. — These  salts  crystallise  readily  and  in  well-defined 
forms.  By  fusing  the  oxide  with  2  or  3  pts.  of  potassium-carbonate  and  evaporatinff 
the  solution  of  the  fused  mass  in  a  vacuum,  the  salt  4K*0.3Nb*0*.16H'0,  is  obtained 
in  large  monoi'linic  prisms,  exhibiting  the  combination  ocP  .  [  ooPoo  ]  .  [2Poo  ]  .  oP  . 
+  P.  Anglo  ocP  :  odP  «-  lOO®  20';  oP  :  ooP  =  94°  30';  oP  :  +P  «  136^  6*  ;  oP  : 
[2Poo  J  =  132°  lO'.  This  salt  melts  when  heated  above  100°,  and  solidifies  again 
at  a  higher  temperature,  acquiring  a  transient  yellow  colour  and  becoming  insoluble. 
The  aqueous  solution  of  the  crystals  deposits  a  second  salt^  8K*0.7Nb*0*.32H*O,  in 
rhombic  octahedrons  exhibiting  the  combination  P.  ooPoo  .  ootoo  .oP,with  the  angles  P:P 
(brach.)  =  1200  40';  P  :  P  (macr.)  -  118°  0';  oP :  P  =  134°  20^;  it  is  not  altered 
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hf  i»cgyitaHi«iti<m,  A  solution  of  either  of  the  prec44iti|;  salts  mixed  with  cau^tie 
poUsh,  uid  9hw\y  evnpomted,  yidds  s  third  salt,  aK'0.2Nb*OM3H*0,  in  rery  efflo- 
rcttcont  CfTBtftli  baring  the  character  of  rhombic  octahedrons.    If  the  potash  used 

ommitis  eodAi  m  double  tali  cootiuiiiiig    ^^^  ^  3NbH)^.9H'0,  is  obtained  at  tha  aamo 

tiitiie  as  a  fmlTmleiit  precipitate,  pli^htly  «oluble  in  water,  lusolable  in  the  alkalinn 
liquid,    Bj  boiling  a  solution  of  fl  ao  of  potassium  with  acid  onrbonat©  of 

pata«aiurD,  noarlj  the  whole  of  th  is  thrown  down  as  an  add  uiobate  of 

notaaiians  K'D.3N1»*0^.6H'0,  furii«iT^  .t^'^iii  pulremlcut  precipitute,  nearly  insoluble 
in  water. 

The  niohatet  of  sodium  are  crystalline  powders  which  decompose  during 
washing, 

Niobai$o/Ifcnand  Manaaneif.  (Fe'0;Mn''0).Nb»OM  CohtmhiU*  NialdU. 
This  is  tho  mineral  in  which  niobium  or  oolumbium  waa  first  discorin^  It 
occurs  in   tiimcitric  prisms^  oxhi biting  the  ecNDbination   oePao  *  cbI^«o  *  oP .  oeP . 

»f2  .  »P3  .  i^oo  .  ^3  .  P,  with  other  fiices.  Azsa  athtc  ^  0*8292  :  1 :  0-8773. 
Angles  oeP  :  QcP  =  10U«»  40;  oP  :  f>»  -  133®  22*fi'(I>ana.  ii.  363).  A  arstal 
of  folumbile  from  the  grsnite  of  Montevideo,  examined  byMaskelyne  (PhiL  Mag, 
[41   XXV.    41)  cxhibitra  the  combination    ooPao    ,    «fr«3  ,  oP .  2P2  .  ot»P .  ooPs . 

aDP5,  with  the  angles  ooP*  :  wPs  -  153<>40';  qdP3  :  acffi  »  166<*  42^.  Colum* 
bile  sJso  forma  twins,  with  face  of  composition  parallel  to  2Foo  .  Cleayage  pamllel 
to  oePoo  and  cdPqo  ,  the  Utter  the  most  distinct.  It  occurs  also  massiTe^  but 
mrsly.  Hardness  ^  6.  Specific  grarity  »  5-4— 6*4 ;  d'i$9  for  the  Ooniteeticut 
nunaral;  6'7 — ^'30  for  the  DaTarian.  Lustre  submetallic.  Colour,  yarious  shades  of 
Uaek.  oftetD  iridescent.  Streak  dark  rod  lo  black,  Fracture  subconcholdal,  nneren, 
Brittl«»  It  is  Qot  altered  by  heat  akmsi  By  bona  before  tlie  blowpipe  it  is  slowly 
dieiolved,  gtring  the  raactions  of  iron  and  manganese;  the  bead,  if  saturated  to  a 
eertlia  «leBt»  ina^r  be  rendered  greyish-white  by  flaming,  especially  if  it  has  be<>n 
prvfknudly  liesled  in  tho  inner  flame ;  if  fully  saturated,  it  becomes  opaque  sponta- 
neonaly  on  cooling.  With  carbonate  0/  sodmm  it  gires  the  manganese  reaction. 
Manr  6olumbit«8  heated  on  cluircoal  with  soda  and  borax  in  a  strong  reducing  flame, 
jrield  tnstaliie  tin, 

Anaiyau  of  ColunMe, 
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ilaBswUfH.  Rotc)_^.  fNiai  Uie  unMi  (A  vd«J«  wV. — c.  from  Mtddtetown, 

lo  ConoKttciat  (H  •  rn  « a  n).— tf.  frocn  ib«  Mine  (.0 •  •  l«  0).^-^.  Trero  Chant«lo<ih,LtnH»m^(  D  a  m  o  u  r)* 
/.  IHmb  HermAtiijir  nrar  BjorlxkAr,  in  Flril4tid  (KorU.0n1k.itil  d)>'--«.  from  th»  iTin^n  cnouotalni 
0mr  Mluk  ia  Uie  Ur&l  (H  er  m  a  n  n).- A.  from  the  tune  1;  Q9  §  t  e  ii},  llAmnieUber^'i  Mimralchanit , 

The  columbite  of  Bodenmais,  on  tho  Rabenst«in,  ruNir  ZwicsGl,  occurs  in  granite. 
In  the  United  States  it  occurs  both  in  folipathie  and  in  albitic  granite. 

Niobat€§  0/  Tttrinm,  To  this  head  belong  tho  minc»ml»  Frr^uttmiU^  Tyritt^ 
and  Braoite^  which  are  tu  all  probability  identical  Fergusonite  has  t>een  already  de- 
etcribod  (ii,  623).  Tyrito  occurs  near  Arendal  in  Norway,  in  crystals  too  small  for 
measurement*  but  probably  quadratic,  exhibiting  distinct  cteam^e  and  haTiog  a  den- 
sity of  5-13  to  6  56.  Acooraisg  to  Bondi  and  Kcnngott^  their  form  is  identical  with 
that  of  Feigu.4onitc.  The  miiwcil  deerepitatea  and  girea  off  water  when  heated,  and 
exhibits  with  fluxes  the  reaetloiit  of  iron  nod  Qftwiiuo. 

JJraffitf,  also  frtitn  Aremhil,  has  a  grey-brown  colotuf,  metallic  lustre,  uneven  small 
splintt*ry  fracture ;  hiirdnt'sa  i-6 ;  specific  grarity  >»   fi*40. 

The  following  are  anatyses  x>t  these  minerals ;  that  of  fergusonite  has  been  aLready 
giTcn,  but  is  repeated  here  for  the  sake  of  ready  comparison. 


*  Oq  the  formula  of  colmsbitet  and  tsataJltef ,  ice  fii  1  o  iti  1 1  r  a  n  d  (J.  pr.  Cli«ta.  icvil.  46  ^  JahreiK. 

m»,  p.  eoo.) 
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Tyrlte.  Brifite.  FnfiuooiM: 

^ T r^     If.        ^ — ' — * 

Niobie  oxide  .        •        .        44^0        44-48  4349  4810  4776  48-84 

Stannic  oxide 0*09  .    .  1-00  0*85 

Zirconic  oxide         .        .          .      .          2*78  0-80  1*45  8*02  6*98 

Alumina         .  .  6*66  3-66  l*36WO« 

Yttria    ....        29*72        27*83  31*90  32*71  41*91  88*61 

Oerous  oxide  .        .        .          6*36          6*63  8*68 >  -  .,  .^q  «.ak 

Oxide  of  lanthanum                  .    .           1*47  .    .{  ^*^  *  *^  *^* 

Uranona  oxide        .        .          8*03          6*99  4*12  4*96  006  0*85 

Ferrona  oxide         .        .          6*20          2*11  112  1*37  0*31  1*83 

Manganona  oxide   .        .  .     .  .     .  0*1 1 

Protoxide  of  lead 0*41  0*09 

Lime      ....  0*81  1*68  1*96  1*82 

Potash 7*23  0*39MgH) 

Water    ....  4*62  4*66  3*71  1*03 

10019       10018  99*86  99*46  99*62  99*4 

«,»,«.  Forbei(Fhil.  Mag.  [Oxiii.  91— 4l.  Mlch«eUon(J.  pr.  Chein.  xc.  108.}— «.  HtrCwtH 
(Pogg.  Ann.  xtI.  479).-/.  Web e r  {Inaugural  dtstertation,  Berlin,  1859,  p.  fi9). 

The  composition  of  these  minerals  may  be  represented  by  the  general  formula 
6M''0.Nb«0».fH«0. 

Uranoniobate  of  Yttrium  and  Iron,  Samarakite,  Uranotantalite.  Trimetric 
An^le  of  prism  2Poo  =  136^  to  136<>,  therefore  ooP  :  ooP  -  100^  40' to  101<>  4^, 
which  is  near  that  of  columbite.  Occurs  generally  in  flattened  grains.  Hardness  or 
6*6—6.  Specific  gravity  —  66 14 — 6*68.  Lustre  of  fracture-surface  shining  and 
submetallic.  Colour  velvet  black.  Streak  dark  reddish-brown.  Opaque.  Fracture 
subconchoidal.  When  heated,  it  decrepitates  slightly,  glows,  and  becomes  blackish- 
brown.  Before  the  blowpipe  it  melts  on  the  edges  to  a  black  glass.  With  borax, 
in  the  outer  flame,  it  forms  a  yellowish-green  to  reddish  glass ;  in  the  inner,  a  yellow 
to  greenish-black  glass,  which  becomes  opaque  and  yellowish-brown  by  flaming. 
WiUi  microcosmic  salt^  an  emerald-green  head  in  both  flames.  With  carhonats  of 
sodium,  the  reaction  of  manganese.  When  pulverised  it  is  slowly  but  completely  decom- 
posed by  hydrochloric  acid,  forming  a  greenish  liquid ;  more  easily  by  sulphuric  add. 


Analyses  qf  Samarskite, 

?jSisf  i  ««•»«  ^'-'^  *'«'•"  i^\  '^«-««  \v^  ^'^ 

Zirconic .    .  .     .  .    .  4  -36  4*26 

Stannic    „ .     .  0-26  .     .  0*06  0*63 

Uranic  oxide     .       1416         16*70  16*77  19*22  1663UK)  11*60  11*08 

Ferrous        „    .       16*43        16*90  16*94  16*06  8*87  1108  10*66 

Manganous  „    .         .    .  .     .  0*66  1*20  0*96  1*61 

Cupric         „ .     .  007  .     .  0*26 

Ceroufl         „ .     .  .     .  2*86  3*31  (  ...^ 

Yttria       .        .        9*16        11*04  8*36  4*91  13*29  12*61$  *®*" 

Thorina .    .  .    .  6*06  5*65 

Lime         .        .        0*92          1*02  1*88  0*44  .    .  0*73  0*64 

Magnesia.        .        0*80          0*76  0*76  0*26  0*60  014  0-04 

Water       .        .  0*33  0*46  0*40 

96*84      101*41  99*61  96'3o  100*03  100*41  100*82 

a^btC,  hf  Fer«t.~d.  by  Chandler  under  H.  Rose's  direction  (Pogg.  Ann  Ixxf.  167;  Ixxll. 

4<iB;  Ixxiit  449).— e.  by  Hermann  (J.  pr.  Cbem.  1.  178).—/.  by  Finkener g,  by  Stephen  a, 

under  Rose*adirecUon  (Pogg.  Ann.  cxviii.  339,  406,  497.)    (Bull.  Soc.  Chim.  r.  491  ;  Jahreab.  136S, 
p.8»). 

Samarskite  is  from  the  Ilmen  mountains  near  Miask,  whore  it  ocean  witli 
SMchynite  in  reddish-brown  felspar. 

Hermann's  ytfro-Umenite,  a  mineral  from  the  same  locality,  agreeing  with  sa- 
marskite in  crystalline  form  and  density,  but  supposed  by  him  to  contain  a  peculiar 
acid,  ilmenic  acid  (iii.  246),  is,  according  to  H.  Rose,  nothing  but  samarskite  oon- 
taining  a  small  quantity  of  tungstic  acid. 

Niobate  of  Calcium,  Cerium,  ^c. — This  is  the  composition  of  pyrochlore,  a 
mineral  occurring  imbedded  in  syenite  at  Fredriksvam  and  Lauwig  in  Norway,  asso- 
ciated with  Eircon,  polymignite,  and  phosphate  of  yttrium ;  also  at  Brevig  with  thorite; 
in  the  Bmen  mountains  near  Miask,  and  associated  with  tourmalin  in  the  albite  Tein 
at  Chesterfield,  Massachusetts.    Monometric,  occurring  in  octahedrons  modified  \xj 
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fiicM  of  the  cube*  and  also  in  dodecahedrcms  and  trapezohddfonfl  202,  303.  Cleavage 
octabedfftl,  nomotime*  distinct,e8pecialljui  the  sniauer  ojBtaU.  Hardness  ^  b — 5  5. 
Specific  gravity  »  3'S02  from^kwrig  (Berzelius);  432  from  Miask  (Rose); 
4'3a8  from  Miuk  (Hermann) ;  4*202 — 4*221  from  Fredhbrrini  (Hayes)*  Lustre 
TitreouA  or  i«siiioas.  Colour  pale  hooey-jeUow,  brown,  dArlc  reddish,  or  blackish- 
brown.  Sabtmnslucent  to  opaque,  Fracturs  eonchoVdaL  Before  the  blowpipe  it 
beeomea  pale  brownish-yellow  or  lemon -yellow^  but  retains  its  lustre  and  fusea  with 
gieiat  dtfflcnlty.  With  iorax  it  yields,  !□  the  outer  fiame,  a  reddish-yellow  transparent 
glass,  which  becomes  opaque  by  flaming,  and  with  a  larger  proportion  of  borax  forms 
a  white  enamel.  In  microcosmie  tali  it  disaolres  completely,  forming  in  tae  onwr 
flame  a  yellow  glass  which  becomes  gnsa-^^ieen  oii  cooling. 


FrfdrtkiTARi. 


Bret-lf. 


^fihlBT. 

Hir««* 

'Wdhkr, 

CtijrdPiUut. 

Wfilil«f. 

UenQann. 

Kiobie  oxide 
Titanic  oxide 

' 

.    e2'75 

J63  10 

}20'20 

67-02 

6107 

67-87 

J  60-83 
1  4-90 

Stannic  oxide 

.      0-61 

,     , 

*     • 

0-67 

Ceric  oxide    . 
Alomina        * 

.      680 

::l 

616 

•     • 

1816 

l6-23» 

Fenicoxidd  < 

,      2-16 

2-86 

Ura&ic  oxide 

.    h     ■ 

^    , 

4-60 

Ur&nous  oxide 

.      6*18 

1-20 

isii 

282 

Ferrous  oxide 

>      «    . 

,     , 

1-28 

223 

Mang&nous  oxide  . 

.      276 

*     • 

169 

*    • 

014 

•    • 

OerouB  oxide 

. 

, 

.    • 

6U0 

Yttria  . 

«      •    . 

. 

,    , 

*     • 

0*81 

094 

Thorina 

f      • 

, 

» 

462    ' 

Xime 

,    1286 

19'46 

»"88 

1602 

10-08 

9*80 

Magnesia      . 

. 

, 

«     . 

«    • 

1-46 

Soda     . 

, 

,     , 

.     * 

4-60 

6-20 

3*62 

Potash  . 

•      ■    * 

•     • 

.     . 

0-06 

Fluorine 

.    trace 

•    • 

*     , 

not  det. 

3-2S 

2'21 

WaUr  . 

•      4*20 

0-80 

7-oe 

M7 

116 

97'30 


97*10         96-74 


96-87         103-41       101-87 


W«hler(roKt.Ami.  tM.  4tT  :  Mtil,  SO;  xWiJL  83  t  Ano.  Ch,  Phinn.  IxK  »M>.-Haf  et  (Silt 
Am.  J.  xM.  1M»  lG4),~Ch?<lealuft  (Jabr^ilft.  IB6S.  p.  S^l.H-Uerm  aa  d  (J.  pr  Clunu  xxjiLM; 
1,  tSOilxtUl.W), 

I^rzoehlore  ^or  Hicrolite)  from  Chesterfield,  MaseachnscttJ,  contains,  according  to 
Shepard  ^Sill.  Am.  J.  xxxii.  338),  76*70  per  cent,  niobic  oxide,  7'42  tungstie  oxide, 
nranoua  oxide  and  yttria,  14*84  lime,  and  2*04  water. 

Euxenite  (ii.  611)  &om  Norway  is  eisaentially  a  titano-niobate  of  y^ium  and 
uranium. 

JE«chlfnite  (L  69)  &om  Miask,  is  according  to  Hermann(gaffimefa&CTy*j  Mineral' 
ckfmie^p.  424),  a  compound  of  titanic  and  niobic  oxides  with  eerie,  ferric,  lanthanic 
oxide,  oe. 


Kiobie  oxide 

.    38*89 

8606 

83*20 

Titanic  oxide       •         , 

.     H94 

1066 

2690 

Zirconia  (?) 

.     1762 

1768 

22-20  Ce,0,t 

Ferrous  oxide      . 

-     17-66 

432 

6  46 

Yttria         .         .        •         , 

.       9*36 

4-62 

1-28 

Lanthanum  oxide         . 

.       476 

1113 

622 

Ccroua  oxide 

.       2-48 

16-60 

612 

Lime  *        .        *        . 

.       2*40 

Water 

.       1*66 

1-66 

1*20 

101*06 

100*61 

100*67 

Spedfte  gxATity  , 

•        *      6*08 

4-96 

Poly  era  #^  a  mineral  &om  Hitteroe  in  Korway,  agreeing  in  crystalline  form  with 
colnmbite  and  samarskite,  eontaiBS,  aooording  to  Scheerer  (Pogg.  Ann.  bdi.  430; 
Itxii.  668)  aud  Hermann  (J.  pn  Ohem.  L  181),  titanic,  niobic  and  cirvouic  oxides, 
combLniid  with  ferric  oxide,  uranie  oxide,  cerous  oxide,  and  yttria,  small  quantities  of 
alumina,  and  traces  of  lime  aod  magDesta, 

SnOBZVas,  SVliraxSBS  ay.    By  the  action  of  sulphydric  acid  gas  on  niobic 

•  The   lirconia  foumf  a'-cordifift  lo   Uir  Hrnt  wid   •erotid  «i>»lyiet  fiT*»  no  crTital)iiMt>le  i«lt   with 
byiirorhlorir  arid,  und  a|jj[y»r<^  In  the  tbifd  u»lytlt  «i  a  mlztttre  o*  refit  aim!  titaaic  oildei. 
t  With  ojLido  of  IjiaUiuiuiii, 
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chloride,  at  ordmair,  or  more  quiddy  at  higher  temperrtnreB,  or  bj  paaiiiift  tiM 
vapour  of  sulphide  of  carbon  mixed  with  carbonic  anhydride  (to  carry  it  forward)  Offer 
strongly  ignited  niobic  oxide,  H.  Rose  obtained  a  black  metallically  lostroiia 
powder,  which  he  re^rded  ae  a  sulphide  of  niobium.  According  to  Delafontain«^ 
It  iH  an  oxysulphide  Nb'O'S"  or  (NbO)^S«. 


lO&XTS.      A  variety  of  chiolite  (fluoride  of  aluminium  and  Bodimn, 
2NaF.AllP),  found  at  Miask  in  the  Ural.     (See  Sodium,  Fluobtob  of.) 


A  yellow  amorphous  substance,   produced    by  the  action  of 
sulphide  of  ammonium  on  paranitraniline.    (Arppc,  Ann.  Ch.  Fharm.  xcvi.  113.) 

M  ATJL/LCSOXi.  A  heavy  colourless  pungent  liquid,  formed,  together  with  othen^ 
by  the  action  of  strong  nitric  acid  on  oenanthol  (Tilley,  PhiL  M^.  [3]  -g^rr^",  81) ; 
also  on  dioloidic  acid  (Red tenbacher,  Ann.  Ch.  Pharm.  Ivii.  146% 


See  AxABiiTE  (i.  162). 

An  explosive  substance  produced  by  the  action  of  stnmg 
nitric  acid  upon  starch,  also  called  Xyloi'din  (g.  v.), 

anXRAXr.  Oraham's  name  for  the  radicle  NO',  which  must  be  sapoosed  to 
exist  in  the  nitrates,  when  they  are  regarded  as  formed  on  the  type  of  the  ailorides, 
e.g.  nitric  add,  NO'.H. 

Syn.  with  Nitbatbs. 
See  AxnssEi  Nrmio  Debtvatites  of,  under  FXDDnuLiniiiB. 
]VrntaJVZ9ZO  ACZBS.    See  Ainsic  Acid  (I  302). 
See  Anise,  Oil  of  (i,  298). 
See  Anisidine  (i.  804). 
See  Anisol  (i.  305). 
See  Nitric  acid,  under  Nitbogen,  Oxides  and  Oxtoek-Acids  of. 
Native  nitrate  of  sodium.     See  Nitbatbs. 

BWirXAXmvB.     See  Aniline,  Nitbic  Debiyatitis  of,  under 
Phektlajcines. 

irZTSAZO»BBWT&-CrnULCO«AMXC  ACZ9J      „       ,^    , 

. .  (     See  the  last  reference. 

WTTMMm  A  name  applied  sometimes  to  nitrate  of  potassium,  sometimes  to  nitmto 
of  sodium,  but  more  frvH^uently  in  commercial  language  to  the  latter,  the  potasaium- 
salt  being  more  especially  distinguished  as  saltpetre. 

VZTBZO  ACZS.    See  Nitrogen,  Oxides  and  Oxtoen-Acids  of. 

Syn.  with  Nitrogen. 


This  term  might  be  applied  to  the  compounds  of  nitrogen  with  any 
other  element  or  radicle,  but  it  is  chiefly  used  to  designate  the  compounds  of  nitrogen 
with  phosphorus,  boron,  silicon,  and  the  metals.  The  metallic  nitrides*  haye  for  the 
most  part  the  composition  denoted  by  the  formula;  RN,  R'N,  or  R'N  (B  denoting  a 
monatomic  metal),  the  last  being  analogous  to  ammonia.  They  are  mostly  obtaincdoj 
the  action  of  ammonia  on  metallic  oxides  or  chlorides ;  frequently  also  by  the  direct 
action  of  atmospheric  nitrogen  on  metals  at  the  moment  of  se|>aration  from  their  oxides 
by  charcoaL  Must  of  them  have  a  metallic  aspect^  are  easily  decomposed  by  heat, 
sometimes  with  explosion  ;  some  of  them  however  withstand  a  very  high  temperature 
without  decomposition.  Many  of  them  are  re<luced'to  the  metallic  state  by  ignition  in 
hydrogen  or  ammonia-gas ;  heated  with'  water  or  hydrate  of  potassium ;  they  often 
yield  metallic  oxides  and  ammonia ;  they  burn  when  heated  in  the  air.  They  unite 
with  other  metallic  compounds,  especially  with*  metalaraictes. — [For  the  special  oescrip- 
tions  of  these  compounds^  see  the  several  metals ;  for  the  methods  of  analysing  them, 
see  page  65.] 

VZTRnaBS.  This  term  is  applied  to  the  cyanides  of  the  alcohol-radicles 
reonrded  as  compounds  of  nitrogen  with  acid  radicles;  thus  cyanide  of  ethyl 
C«H».CN  «  propionitrUe  C»H».N.  (See  Cyanides,  il  202,  211,  268,  272,  274;  also 
Benzonffbile,  i.  503,  and  Cyanide  of  Cbtyl,  i.  840.) 

Mendius  (Ann.  Ch.  Pharm.  cxxi  129)  has  shown  that  the  nitriles  are  converted 
by  direct  assumption  of  hydrogen  into  amines,  according  to  the  general  equation: 
OH««-»  +  H*  »  C»H'"+'N;  e.ff.  formonitrile  (cyanide  of  hydro^)  into  methyl- 
amine,  acctonitrile  into  ethyluminf*,  &c.    The  conversion  is  effected  by  bringing  to* 
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5f) 


nttril^  mUed  with  hydrochlorie  add  and  A]«o<bo1  into  contiict  with  metallic  dno.  (See 
HvnrrLAMxtfii,  iii  996.) — Actioo  vi  brutmne  on  iiitale««  (Engler,  Amu  Ch*  Phann. 
'      137,) 

r.    See  IxDDr  (iii  266). 
19.    See  NrTBou!!  Acm,  nndia  Kitboosv,  Oxidbs  wd  Oxigbk-acids  or. 
K^zxRO- AZOBrnrxsani.    Soe  AsoBBDonni  (l  478)* 
irZTROBHia'X^Mioss.    See  BENBAimni  (L  641). 

MTFRassZT^AinXiXOai.     See  PuBKYL-BKsrzjkMmR,  nndor  PitsimAJfnfsa. 
VSTKOBSn'ZAiriSZl^ZSBt  or  BK]fZOiRTii4Ni9ti>i  (m«o  ANi«>u>i3rs,  i  304). 

3rzxsOB£ir££jrsS.  S^  Bxirznni  (L  643). — The  fuDowing  are  adilitiona]  mod<*« 
of  formation  aod  intastbnnaiioa  of  th«te  compouuda, 

1.  KitroWnzf^ne  is  produced,  tofipether  with  other  produ<?tii,  b^  the  action  of  strong 
nitiic  add  on  oQ  of  tarpeDtLoe  (H.  Schiff,  Ami.  Ch.  Phjfcrm«  cut.  201).  See  TuurKif- 

2.  In  preparing  nitrobenzene  for  use  in  perfumery,  H,  Vohl  tecommemis  tlmt  the 
beRMiM  be  nnrt  distilled  at  a  temperature  below  S3^,  to  free  it  from  a  TuIutQe  i^alphiir- 
cHed  bod  J  which  it  mrnaUy  cuutauui  The  nitrobensene  is  eabtteqaeotly  to  be  di«tiUi-d 
in  a  current  of  aqnoons  Tapour,  and  the  portion  of  the  prt^duct  which  n^miUDij  dit»iK>IvtHl 
iu  Ihe  water  separated  by  addition  of  common  salt.     (DingL  poL  J.  clxvli.  148.) 

3.  Nitiobensene  distilled  for  a  long  time  with  ehr«}maie  of  potassium  and  sulphuric 
Acid^  is  converted  into  nit rophenoic  acid,  C*H\KO*)0^  (Church*  Chem.  8oa  Qu* 
J.  uv.  52).    See  Fkenoic  Acid. 

4.  When  ^Tvpour  of  nitrubemeene  mixed  with  hydrogen  is  pasaml  orer  heated 
platinnm  sponge,  there  i«  obtain ihI  aiAongst  other  products  a  yellowish  oil,  forming 
witlt  Itypoctklorite  of  calcium  a  blue  snbatance  which  is  reddened  by  acids  and  tnmra 
blUA  again  by  aUudia.  It  is  insolable  in  water,  ioluble  in  alcohol  and  ethi^,  and  ia 
neutral  to  litmus.     (G*  J  um  el,  BnlL  Soc  Chira.  18^1,  p.  47.) 

6.  Kitrubenzene  heated  with  sulphide  of  carbon  to  ISO^  is  coo  verted  into  aniline. 
(Schtagdenhttuffen,  J.  Phanii.t3]  xxxiv.  175,) 

For  other  modes  of  effbcdng  this  transformation,  see  AinuinE  tinder  Phxntl- 
AMiirxs. 

6.  Nitmbenaene  treated  with  2  ptsL  iron  filings  and  J  pt  strong  hydrochloric  acid 
is  eooTerted  into  a  red  oolooring  mntter  called  e  r y  t  h  r ob  e  n  i£  t  u,  A  fler  24  hours'  contact 
the  solid  mass  is  to  be  triturated  and  exhausted  with  wat*'r,  fhe  eU^nr  solution  pre- 
cipitated with  common  salt^  and  the  finxluct  puriJ^etl  by  rew>lution  and  pw^cipitatiou. 
(RLaarent  and  J.  CastlehsK,  Rtp,  Patent  InvetitiJuj*,  Oct*  18G2,  p,  339.) 

7*  Dinitrobensene  treated  with  ir&N*jUtnqs  and  acftie  acid,  is  oonrerted  into  pheny- 
lene-diamine,  CTl^NO')'  +  H"  -  4H»0  -»-  N\BXC«H%  (A.W.  Hofmann, 
Proe.  Roy.  Soa  xi.  618.) 

WXTmoSEirsOEra.  Sjrn.  with  Hydride  of  Nitiobenzoyl  (see  Bistzix,  HrnniDS 
or,  I  674). 

KrTKOBEirroic  acxbs.    Sao  Bbhsoic  Acm  (i.  466). 

wmoasirzoiriT&IX^a.  See  BxicEOKmuui  (I  664).  For  the  action  of 
fiulpliide  of  mumonium  tm  \\ii>A  com^^nnd,  see  dULVlULMIIKintKtAKlXB. 

irrr&OBSirxoTXH  pekoxxsb  oi>.    See  Ihatoxmxs, 
vTrsLommmiMKm  or  irxTROBsmtopaBirovB.    8e<*  Ssisaoiab 
mvrmjommm%ioT%^nwm%QTMK.    s.o  i^exzoi^  (i.  560). 

MlTllOSBOBlO-FBiaiTO  or  •<3AJLBOXtZC  AC13>*  See  FHxitO^  DlUTA- 
TiTEs  or. 

IfXTmOBUTTBOSriC  ACZIK     Syn.  with  BcTTmi-KTTEic  Acid  (i.  698). 

VSTBOCA^CXTE.     Native  nitrate  of  calcium  (see  KiTliATis). 

iriTBOCiLY&XC  AC211.  C'lP^NCF)©.— Produced,  together  with  uitToeaprylic 
add,  by  the  a(!tion  of  tioOiug  oitrie  acid  on  the  non^Tolatile  fatty  acids  of  cocoa-nut  oil. 
(Wirz,  Ann.  Ch.  Pharm.  civ.  289.) 

UTTBOCAYBTXXC  ACZX>.    See  CaFnTZ.]C  Acid  (l  746), 

WZTBOCA^BOX*ZC  ACZD.     Syn.  with  NrmoPDZiCTC  AOB. 

vrrmaCB^XiVXiOSB.     See  CBLLULOflB  (L  819)  and  PrBOXTUit. 

MZTBOCBlOSOBSirZEirx.  SeeCBioAiDJioFPiHiTnorsxirrLi  under  Phamvl, 
Celuiusb  or. 
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arzrmOCR&OmOBnZOZC  ACZBS.  These  acids  are  produced  by  the  action 
of  fuming  nitric  acid  on  the  corresponding  chlorobenzoic  acids.  NitromonochlorolKn- 
zoic  arid,  C'H*C1(N0*)0*,  is  slightfy  soluble  in  cold,  easily  in  hot  water,  and  crys- 
tallises in  needles  which  melt  at  206(?)  Its  silver-salt  is  a  white  precipitate  which 
separates  from  water  in  flat  crystals.  Nitrodichlorobenzoic  acid,  C'H*C1\N0*)0*,  is  a 
yellowish  oil  which  does  not  solidify  even  aft«r  long  standing.  (0  tt  o,  Ann.  Ch.  Fharm. 
cxxii.  129.) 

„     .,,,..,  c     See  Chix>bomicsic  Acid  (l  920). 

irZTBOCBOZiZC  ACZB.  CH>N«0'?  (Redtenbacher,  Ann.  Ch.  Fharm.  IviL 
145.) — An  acid  produced  by  the  action  of  nitric  acid  on  choloidic  acid  (i.  929).  The 
heavy  oil  which  condenses  in  the  receiver  has  an  acid  reaction,  but  is  not  a  uniibrm 
substance.  Wlien  washed  with  water  and  left  in  contact  with  aqueous  potash,  it 
acquires  a  yellow  colour,  and  if  the  alkaline  solution  is  concentrated,  deposits  lemon- 
yellow  crystals  of  nitrocholate  of  potassium.  To  obtain  the  whole  of  this  salt,  the 
alkaline  solution  is  decanted  from  the  unaltered  oil  and  evaporated  in  a  vacuum.  It 
may  be  purified  by  redissolving  the  crystals  in  tepid  water,  and  again  evaporating  in  a 
vacuum. 

Nitrocholate  of  potassium,  CHKN*0*  ?,  has  a  lemon-bellow  colour,  and  apparently 
the  same  form  as  ferrocyanide  of  potassium  ;  it  has  a  slightly  intoxicating  oaour,  and 
is  not  permanent  in  the  air.  The  crystals,  as  they  dry  even  m  vacuo,  and  especially  if 
heated,  split  into  a  great  number  of  small  fragments,  acquiring  at  the  same  time  a 

Powerful  odour  and  apparently  suffering  decomposition.  The  solution  of  the  salt 
ecomposes  under  the  same  circumstances.  When  boiled  for  a  long  time,  it  yields 
crystals  of  saltpetre.  When  decomposed  by  an  acid,  dilute  sulphuric  acid  for  example, 
it  yields  nitrous  acid,  nitric  acid,  a  fat  oil  and  hydrocyanic  acid,  products  which  may 
likewise  be  obtained  from  the  mother-liquor  of  the  crude  nitrocholate.  Nitrocholate 
of  potassium  does  not  precipitate  metallic  salts. 

jrmiOCBRTSBVB.     See  Chrtsenb  (i.  958). 

WZTKOCZnAAUUVB.     See  Cinnamskb  (i.  983). 

WZTSOCZnAMZC   ACZB.     See  CursAXic  Acm  (i.  983). 

VZrmOOZnABIZBB.     See  CiNNAMiDB  (i.  989). 

irZTXOCZnAJrZSZBZBB.  Nitranisyl-dnnamide  or  Cinnitraniside,  C"H"N*0* 
(see  i.  304,  989). 

WZTXOOOOCirszo  ACZB.  a  product  of  the  action  of  nitric  acid  on  cannine 
(i.  804). 

«ZT»OCOBBZVa.    See  Codeikb  (i.  1068). 

WZTKOCOUMARZV.     See  Coumabin  (ii.  94). 

yiTaoCUMJUIB  or  VZTSOCirMO&.    See  Cuikbnb  (ii.  174). 

N XT JlOC&BSTZiZC   ACZB.    See  Cbesylic  Alcohol  (ii.  207). 

VZTROCUMJUI IJLAMZVB  or  VZTSOCVXZBZVB.  See  CuxsNYLAMlira 
(ii.  178). 

WZTROCinazwzo   ACZB.    See  Cuhintc  Acid  (i.  178). 

WZTXOCTBKBIVB  or  WZTSOCTMO&.     See  Cykene  (ii.  296). 

jrZTBOBRACOVBSZO   ACZB.    Syn.  with  Nitranisic  Acid. 

VZmOBZCBZiO&OyBBVZC  ACZB.    Nitrodichforophenol,  NUrodickloroear' 

bolic  acid.    (See  Phenol,  Derxvattves  of.) 

VZTXOBRACTZJUMtlBB.  C'H'WO".  Isomeric  with  nitrobenzamide  (i.  641). 
Obtained  by  the  action  of  ammonia  on  nitrodracylic  ether  (Wi  lb  rand  and 
Beilstein).— See  also  Reichenbach  andBeilstein(Ann.  Ch.  Pharm.  cxxxii.  143). 

VZT&OBRACrZiZC  ACZB.  Paranitrohenzoic  acid.  C'fl*(NO*)0*.  (Wil- 
brand  and  Beil stein,  Ann.  Ch.  Pharm.  cxxvi.  255;  cxxviii.  257. — G.  Fischer, 
i^'<^.  cxxvii.  137;  cxxx.  128.)-— An  acid  isomeric  with  nitrobenzoic  acid,  produced  by 
the  action  of  fuming  nitric  acid  on  toluene  (hydride  of  benzyl).  It  was  first  observed 
byGlenard  and  Bondault  (Ann.  Ch.  Pharm.  xlviii.  344),  who  however  assigned  to 
it  the  formula  O*H\N0*)0*.  Fischer  obtained  it  as  a  secondary  product  in  preparing 
nitrobenzene  from  benzene  containing  toluene.  By  agitating  the  CTude  nitrobenzen*^ 
thus  obtained  with  dilute  soda-Icy,  and  neutralising  the  alkaline  solution  with  hydro- 
chloric acid,  the  acid  separated  in  fiocks,  which  were  purified  by  recrystallisation  with 


NITROETHYLIC   ACID  (DI-),  61 

edilition  of  anim&l  cb^ucouL  WUbnuid  tind  Beilst^in  satiuute  funtbg  nitric  acid  witii 
tcflut'oe,  keeptDg  ihi*  liquid  oool ;  boll  lh(«  mixttire  for  four  or  fivu  days  with  PxceM  ol 
niini*  ttcid;  dilate  thr  liquid  irilh  irater;  ditilil  oft  the  greater  part  of  the  nitzie  aeid 
.-mil  th«  uuattacked  toluene ;  agitaito  the  residue  vrith  dilute  ammoQia  ;  suporsaturate 
with  nitric  *»ci J ;  and  porifj  the  Bi^puniled  nitrodmcylic  acid  by  repeated  nolution  in 
iimmonia^  pri*cipiUtion  with  acid»  and  recr)'stalli8aiioa  from  aloohoL  The  mothiT- 
liquor  ret4un»  a  more  soluble  add^  oot  yet  exAinined. 

Kitrodracylie  acid  crystallises  ^m  aolutiua  in  yellowish  laminai,  and  sublimes  in 
»4b  ti'lof  nredles.  It  is  easily  soluble  in  alcohol,  ether,  and  boiling  wtixit ;  meltd  at  240° 
1 1 Hi rif benzoic  acid  at  127"^).  By  the  actioa  of  aodiumHimalgam  (on  the  iMxlium^salt^ 
it  in  conrcrt*^  into  n^ndrarylw  add,  C**H'*N*0*  (Heiehenbaoh  and  Beilstcin. 
It  il finger).    8ee  ApfaivDix. 

Nitrodro^ylaU  of  Ammonium,  C'H*CNH*KN0')O».2H'0.  crfffUUts^^  tn  faint  foae- 
coltiufod  veiy  effloPTBCf nt  laminn^  (Wilbrand  and  Beilstein).  On  satuniting  an 
ainmouiacal  solution  with  wilphydrie  acid»  and  adding  a<H?tie  acid  to  the  filf  mte,  a  cfys- 
tnllina  pn«ipitiite   is  fornied  consisting    of  oxydfacylamio  acid,    C'H^NO^   or 

H*       (O'  ^^*^^^^  ^^  oxybeneamifl acid  (Fischer).    Tha  same  acid  is  produtf-d 

bj  h*v*uting  uitrcMlmcylie  acid  with  tin  and  hydrochloric  aad  (W.  and  B.).  See  Oxt< 
DiLtcTUiMic  Acid, 

NUro^ra^iaU  of  Barium,  2C^H*Ba(X0»)0'.,'iH^0  or  C'^irBbalNO*)^)*. dH'O, 
crv*tidlii»r«  in  trani^papenl  yellow  pritmR  (W.  and  B,);  the  calcittm-^aU  in  colourlesa 
li  M  -ilcH  containing  eH*CjMN0«)0^4H'0  or  C'*IIH:c»'(2^0TO*.8H^O  (W.  and  B,) ;  in 
yf  S'  iidid  large  Ubles,  C'*ll»Cca*'(N0')K)\9H*O,  which  give  off  8  at  wnt^-r  o\*er  oil  ol 
\  Ti  ,.!,  and  the  remainder  at  150^  (Fischer).  [Nitrobenioat*?  of  rnlcium  crystaJ- 
fi-<  -.  iiL^coFding  to  Fb^cher,  in  indistinct  nodules  with  2  at  water,  which  it  gives  otf 
Ut^^^en  130^  and  190*=.] 

The  Uad^mlt,  C'«H*Ppb''(Xa*)-0*,  ciystalliflea  in  neadJcA  (W.  and  B. ;  FischerJ; 
the  maptrsium'SftJi  in  (hick  rhoralxjhedmi  crystals  (W.  and  B,);  the  mlwr»s4iH  in 
needles  (Fischer,  W.  and  B.) ;  the  sodtum-saU  in  Luge  yellow  priEms.  (W.  and  B.) 

ITZTmOBRaCTXiXG  BTnaS.  The  fthplh  ether,  eH*(C*H*)(NO»)0*, 
oliiAint^il  by  ti^iiting  the  alcoholic  solution  of  the  add  «nth  hydrochloHe  acid  gas, 
iTVHlallific-!!  from  aki)hol  in  large  inodorous  laminte,  melting  al  57^. — The  ttuthifiui 
ffirr,  C'H\CH»XJ*O»)0*,  forma  nacreous  Uunina  melting  at  90°.  (Wil brand  and 
B  e  i  1  ■  t  ei  n,  (nc,  eiL) 

UTTK  O  EM^TTBMOWLBM  m  XTIS.     Nitroert/thnn.     See  EnTTiiBOiuunfiTm 

lfXTBOEXBTl»xc  ACXD  {l^T-)*  CH'N'O*.  (Frank land,  PhiL  Tran^. 
1857.  P.  69 ;  Chem.  Soo,  J,  xL  S9.>— This  add  is  obtained  as  a  ainc-salt,  (?H*ZnN*0* 
or  rather  C*H"Z«n'7JK>*,  by  the  combination  of  4  at.  nitric  oxide  (NO)  with 
I  at,  isinc  ethyl  (C*H**Zmi'^.  When  zino-ftJiyl,  either  pure  or  dissolred  in  ether, 
is  passed  up  by  small  qnantities  into  dry  tiilric  oxide  confined  orer  mercury,  the  gas 
is  absorbed  slowly,  bet  completely  and  in  hirgp  quantity,  without  the  production  of  any 
other  gas.  The  solution  may  be  accelenited  by  agitation.  At  the  end  of  one  to  foor 
dars,  rhomboidal  crystals  of  a  sine-salt  begiu  to  be  di^positcdt  and  increase  in  number 
till  the  liquid  Anally  solidifiea. 

[For  a  rl»4criphr>n  of  the  mode  of  preparing  it  in  larger  qnanttties,  se«  the  memoir 
abov.  ItfC*  Handbook,  xiL  65&^ 

Tli  -  aboT«  b  a  cv>mpound  of  dinitroethylate  of  anc  with  sine-ethyl^ 

C*H'*Z^ix  :.  ;,.....  ,  tJ  H*)*.  It  dissolves  in  anhydrous  ether,  and  separates  from  the 
snluf  ion  in  bir^e,  colourle**,  transpirent^  rhomboltdal  crystal^  which  instantly  become 
opuqu«<  on  eKpo«ur<f  to  the  uir,  owing  to  the  formation  of  an  oxidised  product.  H^itnl 
to  bi'tween  180^  and  190**  it  girisi  off  a  mixture  of  carbonic  anhydride,  ethylene,  hydride 
of  ethyl,  nitrogen,  and  nitrous  oxide. 

A  httJtic  dinitroctk^nU  or  o^-dmitrottAytat^!  of  Mnc^  C''H'»ZrnN*0*.Z£nO,  is 
obtain«Hi  by  treating  the  preceding  salt  with  water,  which  decomposes  the  zinoethylt 
with  evolution  of  hydride  of  ethyl  and  formation  of  oxide  of  sinc^  The  oxy-dinitroethy- 
late  remainci  di^«olved  in  the  water,  and  on  pHisstng  carbonic  anhydride  through  the 
solution,  oHrbonafe  of  zinc  is  precipitated,  and  a  solution  is  obtained  which  when 
f<TapaFated  to  drynesa,  yiekb  ntutral  dinitrot'thyUite  of  linc,  as  a  radiated  crystalhne 
mass  composed  of  C*Il'"Zan'7iI*0\H*0  ;  and  this  when  heated  to  100*  yields  the  auhy- 
dtons  salt,  which  takes  fire  at  ahout  300^,  burning  with  a  beaubM  bluish-green 
flame. 

Dinitroethvtic  aeid  is  obtained  in  dilute  aqueous  solution  by  decomposing  a  dilute 
solution  of  the  zinc^salt  with  sulphuric  ncid  and  dii(til)tng  in  a  vacuum,  or  by  decom- 
poaing  the  baiiom^salt  with  just  sufficient  ^utphuric  acid  to  pri^cipif  ate  the  base.      It 
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has  a  pungpnt  odour,  reddens  litmus  strongly,  and  is  very  unstable,  decomposing 
gradually  even  at  ordinary  temperatures,  and  rapidly  when  slightly  heated,  with  evolu- 
tion of  gases  and  white  vapours. 

The  dinitroothylates  are  all  soluble  in  water  and  in  alcohol,  and  most  of  them  crys- 
tallise with  more  op  less  difficulty.  They  are  all  violently  a/'ted  on  by  strong  nitric 
acid,  the  dinitroethylic  acid  bHng  deconipo<»ed  and  a  nitrate  of  the  base  produced. 
Dilute  nitric  acid  acts  in  a  Himilar  way,  but  more  slowly.  They  all  melt  at  a  little 
above  100°.  The  potassium-,  sodium-,  calcium-,  and  barium-salts  deflagrate  explosively 
like  loose  gunpowder,  at  a  tempeniture  considerably  below  redness. 

Dinitroethylate  of  Barium,  C*H**Bba"N^O',  prepared  by  treating  the  zinc-salt  with 
excess  of  caustic  baryta,  removing  the  excess  of  baryta  by  carbonic  acid,  &c,  is  neu- 
tral, unciTstallisable,  very  deliquescent,  and  very  soluble  in  water. — The  calcium-aalt, 
C*H'*Cca  i^*0*.3HK),  prepared  like  the  barium-salt,  crystallises  in  silky  needles  which 
give  off  2  at.  water  at  100°.  By  distiUation  with  ethyl-sulphate  of  potassium  it 
appears  to  yield  dinitroethylate  of  ethyl.— The  capper-salt,  2C*H'«Ccu"N*0MlH), 
prepared  from  the  barium-salt  by  double  decomposition,  forms  a  solution  of  a  splendid 
purple  colour,  which,  by  evaporation  in  a  vacuum,  yields  purple  four-sided  needles 
several  inches  long. — The  magnesium-salt,  C*H"Mmg"N*0*,  prepared  by  decomposing 
the  zinc-.salt  with  magnesia,  separates  from  the  solution,  when  concentrated  over  a 
water-bath,  in  granular  crystals  which  molt  at  100'^,  and  dry  up  to  a  solid  amorphous 
mass  consisting  of  the  anhydrous  salt. — The  silver-salt,  C*H*AgNK)^  prepared  like  the 
copiM»r-salt,  is  very  soluble  in  water,  and  crystallises  in  very  light  scales,  which  are 
mpidly  decomposed  on  exposure  to  light.  A  compound  of  this  salt  with  nitrate  of 
silver,  CH*A^'0'.AgNO",  is  obtained  as  a  crystallo-granular,  sparingly  soluble  pre- 
cipitate, on  mixing  concentrated  solution  of  dinitroethylate  of  zinc,  and  nitrate  of  silver. 

WZTXOBITZAJrTBXC   ACZB.    See  Euxamthic  Acid  (iL  610). 

WXTBOrBRBZCTAVZSBS.  Nitroprussides,  (See  Ctaiodbs  of  Ibok,  it 
2.50.) 

WZTXOFOSM.    See  Nitrombthid^. 

WZTXOFRAirOinUC   AOZB.     Sec  Frakouuk  (ii.  707). 

srXTSOCHBV.  A:rotf.  Gas  azote,  SHckluft.  Stickstof.  Atomic  Weight,  14. 
Symbol,  N. — This  element  was  discovered  by  Rutherford  in  1772.  Layoisier 
subsequently  ascertained  that  atmospheric  air  is  composed  of  oxygen  and  nitrogen 
gases,  the  latter  of  which  he  called  azote,  from  its  incapability  of  supporting  life  («  and 
C<v^).  Chaptal  afVerwards  gave  it  the  name  nitrogen,  from  its  cutting  into  the  com- 
position of  nitre,  nitric  acid,  &c. 

Nitrogen  constitutes  about  one-fifth  of  the  volume  of  the  atmosphere.  It  occurs 
also  in  the  free  state  in  the  air-bladders  of  fish,  and  in  other  cavities  of  the  bodies  of 
animals  and  vegetables.  In  combination  it  occurs  in  native  nitrates  and  ammo- 
niacal  salts,  and  in  a  vast  number  of  organic  compounds,  especially  those  belonging  to 
the  animal  kingdom. 

Preparation,  1.  From  the  Air. — Nitrogen  may  be  separated  from  the  air  by  bumii^ 
in  it  any  substance  which  forms  with  the  oxygen  a  product  that  can  easily  be  removed. 
Thus  wnen  phosphorus  burns  under  a  bell-jar  standing  over  water  in  the  pneumatic 
trough,  phosphoric  acid  is  produced,  and  is  quickly  absorbed  by  the  water,  which  then 
rises  into  the  jar  till  it  fills  about  one-fifth  of  the  space  originally  occupied  by  the  air. 
The  remaining  gas,  after  Wing  well  shaken  several  times  with  fresh  portions  of 
water  to  remove  the  last  traces  of  pho.«»phoric  acid,  consists  of  nitrogen  contaminated 
only  with  aqueous  vapour  and  a  trace  of  carl>onic  anhydride.  When  the  gas  is  required 
quite  pure,  a  better  method  of  obtaining  it  is  to  pass  air  previously  freed  from  carbonic 
anhydride  by  canst  icpotaish  and  from  aqueous  vajiourby  oil  of  vitriol,  over  ignited  metallic 
copper;  the  oxygen  then  enters  into  combination  with  the  copper  and  the  nitrogen,  may 
be  received  in  a  vessel  exhausted  of  air.  Or  air  from  a  gas-holder  may  be  passed 
through  a  large  bottle  filled  with  a  mixture  of  moistened  sawdust  and  precipitated  oodde 
of  iron  which  has  been  converted  into  sulphate  of  iron  by  a  current  of  sulphydric  acid 
gas.  After  its  transit  through  this  vessel,  the  air,  deprived  almo#;t  entirely  of  its  oxy- 
gen, should  be  passed  through  a  series  of  four  U-tnbt^s,  the  first  two  containing  solution 
of  pyrogallate  of  potassium  a  caustic  j^)trtsh  to  absorb  the  carlx)nic  anhydride  ana  residual 
oxygen,  the  last  two  containing  oil  of  vitriol  to  absorb  the  aqueous  vapour.  This 
is  a  very  convenient  method  in  practice,  as  the  sulphide  of  iron  may  be  restored  to 
eflUcient  activity  an  indefinite  numln^r  of  times  by  passing  sulphydric  add  gaa  through 
the  containing  vessel. 

2.  From  Ammonia  and  its  salts. — a.  By  passing  chlorine  through  aqueous  a 

4NH>   +   Cl«     -     N   +    3NHK1 
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Th<^  liborat*vl  nilrogcti  mrt^r  be  freed  from  iKlhprin^ammotiin  by  wnshing  with  sulphuric 
•rid.  Capo  must  be  t<Uc«n  to  keep  the  nmmoaiii  in  ooni^idorablc  cxcevs,  its  otb  firwifiri 
tho  flAQg^roua  eompound,  chloria*?  of  nitTOgon,  mfiy  ho  fonncni  by  the  action  of  tlio 
c*hlorinc  on  th«  6al"iLmmotiiJU\  According  to  Anacrson  (Chom.  New9«  t.  216),  the 
tiitrog^n  obtniufd  by  thut  method  in  a^wtiyn  mixed  with  oxygon. 

B,  Solution  of  nitrite  of  ammomum  when  boiled  »pilts  up  into  witter  And  nitrogen, 
NH'NO*  ^  21^0  +  Ni  Bat  am  this  «alt  is  difflcntt  to  prepare,  it  ia  better  to  sub- 
iititut«  fur  it  4  mixture  of  sal'ammoniac  and  nitrite  of  potassium : 


KH*a  +  KNa> 


KQ  +   2HK)  +  K. 


Thin  is  the  eMiest  of  all  methods  of  obtaining  pure  nitro^n.  the  solotion  of  nitrite  of 
potjusinm  may  be  prepared  by  paaaing  nitrous  anhydnde,  evolved  firom  starch  and 
nitric  acid,  into  solution  of  potash  of  specific  gravity  1  38,  till  it  S43quires  a  dacided 
acid  reaction,  when  it  is  to  be  neatralised  by  further  addition  of  the  alkali.  This  sola* 
tiou  undergoes  no  chan^  by  keeping,  and  when  required  to  yield  nitrogen,  must  be 
mixed  with  three  times  lU  volnme  of  a  concentrated  solution  of  Bal-^mmoniAc* 

y.  Nitrate  of  ammonium  heated  in  the  dry  state  with  sal-ammoniac  also  yields 
nitrogen,  together  with  chlorine,  which  may  be  absorbed  by  slaked  lime  or  eaufitio 
potatfi: 

2(KH*)N0«  +   NH*a     «     N>  +   a  +   flH»0. 

Nifrog^  may  also  be  obtained  &om  nitrate  of  ammonium  by  dipping  a  piece  of 
met.ilHc  zinc  into  the  fbsed  salt. 

H,  Or  it  may  bo  procured  by  satnmting  cnl  of  vitriol  with  nitric  oxide  ga^,  adding 
sulphate  of  ammontum^  and  heating  to  130°. 

3.  From  Anirnai  nub6iance». — Muscle  and  other  animal  subBtanccs  g<?ntly  boated 
witli  dilutfi  nitric  acid  give  off  nitrogen,  together  with  a  littlti  nitric  oxide,  which  may 
be  removed  by  passing  the  evolved  gas  through  a  solution  of  f«rroos  sulphate. 

pTftprrtirt. — Nitrogen  is  a  colourless  unoondensable  gas,  of  specific  gravity  0^972  ; 
titAtt'lo^  inodorous,  and  without  action  on  v^table  ocuoars*  It  Is  sparingly  soluble 
in  Wfitfr,  100  measures  of  which  at  16^  dij^olve  only  1^  measures  of  nitrogen.  (See 
Gasks,  Absohptiox  or,  ii  795.)  It  is  incombustible,  and  does  not  support  the  com- 
bustion of  ordinary  combastibles  (snlphuTf  phosphorus,  carbon,  hydrocarbons,  &c).  It 
may  be  breathed  for  a  abort  time,  but  does  not  support  respiration.  It  iii  not  poieonoust 
but  an  animal  immerMd  in  it  dies,  simply  fi>r  want  of  oxygen.  Its  function  in  the  at- 
jOOfphere,  as  regards  combustion  and  respiration,  appears  to  be  merely  that  of  a  diluent, 
pfrrenting  the  too  rapid  action  that  would  take  phice  in  an  atmosphere  of  unmixoHl 
oxygen. 

In  the  fire  state,  nitrogen  exhibits  for  the  most  port  but  little  chemical  activity. 
The  metals  Hitmiumt  tantalum^  tungtt»c%  and  probably  a  few  others,  c<)mbine  with  it 
howerer,  and  efsn  burn  in  it,  and  under  certain  cijcamstnnce?  it  may  Ix^mude  to  unite 
directly  with  hjfdro^en^  oxt/gm^  and  carbon.  Thus  when  a  long  sen'efi  of  electric  sparks 
is  passed  through  a  mixture  of  oxygen  and  nitrogen  giise§  standing  over  a  solution  of 
caustic  alkali,  combination  slowly  'taket»  place,  and  a  nitrate  of  the  alkali-metal  ia  pro- 
duced.  Traces  of  nitric  add  and  nitrate  of  ammonium  also  result  from  burning  hydrr^ 
gen  gas  mixed  with  nitrogen  in  an  atmosphere  of  air  or  oxygen.  Nitrogen  and 
hydrogen  can  also  unite,  when  one  or  both  the  gases  ore  in  the  nascent  state,  to  form 
ammonia  (i.  182).  The  direct  union  of  carbon  with  nitrogen  to  furm  cyanogen,  tjikes 
place  when  nitrogen  gas  or  atmo§pheric  air  is  passed  orer  an  ignited  mixture  of  charcoal 
and  potash  or  baryta.     (See  Ctaxtdks,  ii.  198,  239.) 

The  slight  affinity  exijttting  lietween  nitrogen  and  other  elements  gives  a  peculiar 
character  to  its  compounds,  many  of  which  ar«>  extremely  prone  to  decomposition,  e,ff, 
the  BzoHsed  principles  of  the  animal  and  Tcgntablo  organism,  lliatfy  nitrogen- 
compounds  abo,  especiaUy  those  which  contain  the  oxygenated  radlde  nitnfl^  NO*,  are 
highly  cxploatTew 

Nitrogen  belongs  to  the  pentad  group  of  elements  (ill  067),  including  also  phospbo* 
rus,  arsenic,  antimony  and  biMunth.  It  enters  however  into  combination  with  other  eJe* 
ments  in  several  proportions ;  thus  there  is  a  complete  series  of  oxides  of  nitP'3gon,  in 
which  the  ratio  of  the  number  of  nitrogen-aloms  to  that  of  the  oxygen-atoms  mnges 
bctweeu  the  limits  2  :  1  and  2:5;  and  Griess  has  shown  that  in  a  variety  of  organic 
bodies,  a  single  atom  of  nitrogen  may  be  substitnted  for  1  or  for  3  atoms  ii  hydrtigen. 
In  ammonia  and  its  numerous  substitution  deriviitives,  a  single  atom  ofnitrogeni5»  united 
with  3  Btomi  of  hydrogen  or  of  radicles  equivalent  thereto  ;  in  the  ammonium -saltj;  and 
their  analogue,  on  the  other  hand,  an  atom  of  nitrogen  is  united  with  6  atoms  of 
hydrogen  and  other  monalomic  elements,  or  with  equivalent  quantities  of  polyatomic 
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Qj  ;  sulphate  of  ammoniiim,  N'JygQ4x»r; 

vmtOOiar,  BOSXBB  or.    See  Boron,  Nitridb  of  (i.  635). 

mTROOBVp  BROBCZl^B  OF.  NBr*  ? — Formed  by  decomposing  chloride  ot 
nitrugen  with  aqueous  bromide  of  potassium.  Dense  blackish-red,  very  volatile  oil, 
having  an  odour  like  that  of  the  chloride,  and  exploding  violently  by  contact  with 
phosphorus  and  arsenic.     (Mi lion,  Ann.  Ch.  Phys.  Ixix.  76.) 

irZTBOOBSr,  CBIOBXBB  or.  NOP  ?— This  highly  explosive  compound  waa 
diMoovered  by  Dulong  in  1812.  It  may  be  prepared  :  1.  By  filling  a  bottle  carefhlly 
cleaned  and  freed  from  every  trace  of  greasy  impurity,  with  cnlorine  gas,  and  inveiting 
it  over  a  leaden  dish  containing  a  weak  solution  of  some  ammoniacal  salt,  a  solution  of 
1  pt.  sal-ammoniac  in  12  to  15  pts.  water  being  generallv  employed.  The  chlorine  is 
then  gradually  absorbed,  while  yellow  oily  drops  of  chloride  of  nitrogen  form  on  the 
surface  of  the  liquid,  and  soon  fall  to  the  bottom.    The  reaction  is — 

NH*a   +    a«   -   4HC1   +   Na». 

2.  When  a  small  lump  of  sal-ammoniac  is  suspended  in  an  aqueous  solntion  of 
hy{>oohlorou8  acid,  the  same  compound  is  deposited,  being  produced  according  to  the 
reaction  : 

NH^a     +     3HaO     -     Ha     +     8H«0     +     NC1«. 

This  is  a  better  mode  of  preparation  than  the  former. 

Chloride  of  nitrogen  is  a  thin  yellow  oil  of  specific  gravity  1*653.  It  volatilises 
quickly  in  the  air,  giving  off  a  peculiar  penetrating  ooonr,  and  attacking  the  eyes 
strongly.  When  heated  to  nearly  100°,  or  when  treated  with  any  oil  or  ht,  or  with 
turpentine,  phosphorus,  and  many  other  substances,  it  decomposes  with  an  extremely 
violent  though  local  explosion.  A  single  drop  of  it  exploded  on  a  glass  or  porcelain 
dish,  shatters  the  vessel  to  atoms.  By  hydrochloric,  sulphydric,  or  sulphurous  acid,  it 
is  decomposed  without  explosion,  and  these  reactions  afford  the  means  of  analysing  the 
compound.  The  results  of  different  chemists  who  have  examined  it  do  not,  however, 
agree.  Acording  to  Bineau  (Ann.  Ch.  Phys.  [3]  xv.  71)  it  has  the  formula  NCI'; 
according  to  Millon  (Ann.  Ch.  Phys.  [2]  Ixix.  75),  it  is  N«HH)1«  -  Na».2NH«; 
according  to  Gladstone  (Chem.  Soc  Qu.  J.  vii.  61),  N«Ha»  «  NCl«.NHa«.  Ths 
reaction  with  sulphurous  acid  is,  according  to  Binean*8  formida, 

NC1»  +   3H'S0«  +   SH'K)  -  NH^H.SO*  +   2H«S0*  +   3Ha; 

according  to  Gladstone*s, 

N«HC1»  +   5H«S0«  +   5HK)  «  2(NH\H.S0*)  +  8H«S0«  +   6HCL 

mrmoOBSr,  CBZiOBOPBOBPKZDB  or.    NPCl*.    See  Phosphortts,  Chlo- 

KONFTRIDB  OF. 


OT.  NS«C1  or  N«S«.Sa«.— When  tlie 
compound  2NH'.SC1'  (obtained  by  bringing  ammonia-gas  slowly  in  contact  with 
protosulphide  of  chlorine)  is  heated  for  some  hours  to  100°  in  a  glass  tnbe^  it  is 
converted  into  a  yellow  mixture  of  sal-ammuniac  and  chlorosulphide  of  nitrogen  : 

2(2NH«JSa«)  =  3NH*C1  +  NS«CL 

On  heating  this  mixture,  sal-ammoniac  is  given  off,  and  the  chlorosulphide  of  nitiQgai 
is  resolved  into  nitrogen,  sulphur  and  disulphide  of  chlorine— 

2NS»C1  -  N«  +   S'CP   +    S«. 

The  same  mixture  dissolves  completely  in  \iater,  and  the  solution,  which  is  yellow  at 
first,  becomes  turbid  after  a  while  and  slowly  deposits  a  brown  powder,  and  is  then  loand 
to  contain  sal-ammoniac  and  hyposulphurous  acid,  with  a  trace  of  sulphydric  acid.  Tlis 
principal  reaction  may  be  expressed  by  the  equation  : 

NS^Cl   +   3H20  -  NH*C1   +   H«SW. 

The  brown  powder  appears  to  be  composed  of  7  at  sulphur,  3  at  hydrogen  and  9  at 
nitrogen,  with  a  trace  of  chlorine. 

When  carbonic  anhvdride  is  passed  through  a  hot  solution  of  sulphide  cf  nitraasD 
in  protosulphide  of  chlorine,  a  small  quantity  of  chlorosulphide  of  nitrogen  sabHiiies 
after  a  while  in  yellow  crystals.  The  compound  thus  prepared  gives  a  bine  eolow 
with  ammonia.  (Soubeiran,  Ann.  Ch.  Phys.  Ixvii  87,  101.  See  also  Gmeiim*M 
Handbook,  a.  A7 6.)  »««  wtimwhs 
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HITSOOEVt  OBTSCTZOW  JLim  MBTTBIULTTOV  OF.  Rrattions. -^Tlw 
|J^)p«•^Tn'»  of  tiitrr.igeii  in  the  fn-e  Btntje  imve  In^m  &lr^tnly  dcdcribed.  Tliey  aro 
^«r.<«HiititiUj  nt^tiTp.  A  gott  which  doM  not  Luni  in  Iht?  air  or  support  the  comb uj«t  ion  of 
m  tjAp^r^  which  ha«  nc-iUaer  lui  add  nor  ao  alkaline  reaotion,  doei^  not  render  lime-wiiter 
lurbid,  and  ia  not  abaorbed  by  caiuitic  alka]t»  or  by  acids  may  \k*  proiiouttc<^d  lo  b^^ 
nitrogeQ,     In  like  maancr,  in  examiniii]]^  a  f^nacKiuis  mixture,  uJftfT  all  llif»  absorbabU 

gaaea  hAT«  bt^en  retmortrrl  ^  • — - -    '      ■    ■ ''ot*,  bydrogeii  n-  '  '  •  '-     irbon*  by  et- 

[»lo«ion  wiihon^en*  an  '  i^iion  with  bjdr>  ilual  gas  con 

eonsUt  of  nothtng  but  rn  lo  may  be  detrmi  i  ••  ct  moasure- 

mrnt  f  Seo  Asai.tsim  ( VoLt-MJcTitic)  or  O^tiaji,  L  273v  28D,  !^5 :  abo  AriioarKRBB,  i.  6Sd.) 

The  methods  of  detecting  and  eatimatiug  nitrogen  in  liqtiid  and  «oUd  oompounds  in 
whicJi  it  is  associat*^  with  carbon  and  hydrogen,  rht,  in  organic  bodifa,  hare  been 
already  fully  doaeribod  in  the  article  AitJLL^m  Onoainc  (i,  225»  239).  Tho  method  of 
calcination  with  ■oda-limf^  may  alao  be  apnlied  to  the  determination  of  nitrogen  in 
many  inorganic  compoundii,  e.g.  the  nitride  of  boron  (i.  635),  and  certain  metalUc 
nilndea. 

If  ilride  of  boron  may  also  be  aoalyaed  by  mixing  it  with  a  known  weight  of  pun* 
oxide  of  lead,  drenching  the  mixtaro  with  nitric  acid,  evaporating  it  to  drj'uet}!*,  and 
calcining  it  in  a  platinum  crocible.  The  exceae  of  weight  of  the  renidut'  over  the 
original  weight  of  the  lead-oxide  gtres  the  quantity  of  bone  anhydride  producinl  by 
the  oxidation  of  the  boron,  whence  the  amoant  of  boron  in  the  compound  may  be  csl* 
culated,  and  the  nitrogen  determined  by  difference. 

Nitride  of  phosphorna  may  be  analysed  in  a  similar  manner;  or  by  heating 
it  To  redness  in  a  atream  of  hrdrogen,  whereby  the  nitrogen  is  oouTCtted  into  ammonia, 
wliieh  may  be  oondenaed  in  hydiochloric  acid,  and  estimated  aa  platinam-aalL 

iSnlphide  of  nitrogen  ia  analysed  by  oxidiaing  the  sulphur  with  nitric  add,  or 
with  h^^drochloric  acid  and  elilorato  of  pota^ium;  or  b^  diasoking  the  compound  in 
dilute  potash,  and  oxidiaing  with  hypochlorite  of  potassium,  Thr  sulphuric  acid  thus 
formed  is  precipitated  by  a  barium-salt,  tlie  quantity  of  sulphur  thence  calculated,  and 
the  nitrog#>n  determined  by  difference. 

The  compounds  of  nitrogen  with  chlorine,  b  r  omi  n  e,  and  i  o  d  i  n  f^  mar  he  atialyaed 
by  decomposing  them  with  hydrochloric,  aulphydric  or  sulphurous  acid,  and  determining 
tur  quantities  of  ammonia,  and  of  hydrochloric  acid,  ^c,  thereby  produced  (see  iii. 
28  U  andiT.61}. 

The  nitrogen  in  metallic  nitrides  may,  in  most  cases,  be  accurately  det«nnined 
by  i^itine  the  oompound,  rcdncod  to  rery  fine  powder,  with  tmde  of  copper  in  a  com* 
bustion-tube.  The  metal  is  tbert'by  oxidised,  and  the  nitrogen  is  given  on  as  gas,  which 
may  be  coUecied  and  measured.  It  does  not  appear  that  any  oxides  of  nitrogen  are 
fbrmed  dortng  the  combostion.  If  the  componnd  also  contains  hydrogen,  that  element 
▼ill  be  eonrerced  into  water,  which  may  bo  condensed  in  a  chloride  of  calcaim  tube^  aa 
ill  oi^nic  analysis.  In  some  cases  exact  results  may  be  obtained  bv  ieniting  the 
nitride  in  a  current  of  air  or  ory^fn — whereby  the  metal  is  oxidised,  wlule  Uie  nitrogen 
eaeapea — weighing  the  resulting  oxide,  thence  determining  the  amount  of  metal,  and  the 
nitrogen  by  difference. 

Another  method  of  drcomposing  metallic  nitrides  is  to  ignite  ihcm  in  &  atate  of 
extremely  fine  division  in  a  stream  of  hydrogen  ga^  The  nitrogen  ia  then  converted 
into  ammonia,  which  may  be  condensed  in  hydr^hloric  acid,  while  the  metal  remains 
in  the  free  state.  If  an  oxide  is  likewise  present^  water  will  be  formed;  and  if  it  be 
condensed  by  chloride  of  calrium  or  hydrate  of  potassium  and  weighed,  its  wctight  will 
give  by  ealealation  the  quantity  of  oxide  present  in  the  metallio  compound.  Thi're  ari? 
a  few  metallic  nitrideg  which  are  not  decomposed  by  hydrogen ;  such  is  the  c^ae  with 
nitrido  of  chromium. 

The  method  very  frequently  adopted  ibr  analysing  metallic  nitrides  is  to  fhse  tiiem 
in  the  state  of  ftne  pounder  with  h^droU  of  poiasfium  or  aod«4imi,  whsrebv  tho 
nitrogen  is  converted  into  ammonia.  Some  mtridee,  however,  are  not  eommetely 
decomposed  by  thia  treatmant.  and  nitride  of  chiomium  resists  it  altogether.  ^0)eth*'r 
the  decomposition  of  these  nitrides  would  be  assisted  by  addidon  of  sugar,  as  in  the 
analyais  of  certain  organic  nitrogen-compounds  (t.  346),  is  a  point  which  does  not 
appear  to  have  been  ascertained  by  experiment. 

The  quantity  of  m«tal  in  the  more  refractory  metallic  nitrides  maybe  determined  by 
fusing  the  compound  with  a  mixture  of  alktdim  carSonaU  and  nitratr^  whereby  the 
nitrate  is  oxidised.  Tbe:i4.'  compounds  may  aUo  be  oxidised  by  digestion  in  a  strong 
solution  of  an  alkalint  h^prH^klontr,  the  nitrogen  being  at  the  same  time  given  olfaaffts. 

Ij6iitly,  thc^e  more  rofnictoiy  nitrides  may  be  analvsed  by  Vision  witb  acid  mUpSais 
of  potassium.  This  method  has  been  applied  by  Wdhler  to  the  snalyris  of  the  cryi^tals 
of  nitrocyanide  of  titanium  found  in  iron  smelting  furnaces  (ii,  273).  The  crystals, 
reduced    to   fine    powder,  were  dissolved    by    fusion  in  the  preriousiy  mclt<'d   suit 
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contained  in  a  small  retort;  the  evolved  gasf«,  consisting  of  nitrogen,  carbonic  anhydride 
(from  the  cyanogen)  and  sulphorons  anhydride,  were  passed  through  a  tube  oontainintr 
lumps  of  potash,  to  absorb  the  last  two  gases ;  and  the  nitrogen  was  collected  wm. 
measured  (see  Rose's  Ckimie  Analytique,  ii.  1081\ 

It  is  often  of  importance  to  detect  and  estimate  tne  presence  of  very  small  quantities 
of  nitrogen  in  metals,  inasmuch  as  the  peculiar  properties  of  certain  metals  prepared 
by  particular  processes,  are  sometimes  attributed  to  the  presence  of  these  minute 
quantities  of  nitrogen.  Thus  the  difference  in  quality  of  various  kinds  of  steel  has 
been  partly  attributed,  by  Fr^my  and  others,  to  the  greater  or  smaller  quantities  of 
nitrogen  contained  in  thom.  On  the  other  hand,  a  series  of  experiments  recently 
made  by  Messrs.  Stuart  and  Baker  (Chem.  Soc.  J.  xvii.  390),  in  which  difllerent 
kinds  of  steel  in  a  state  of  veiy  minute  division  were  ignited  in  hydrogen  gas,  have 
shown  that  when  proper  precautions  were  taken  to  prevent  access  of  nitrogen  from  tha 
air  or  other  extraneous  sources,  the  quantity  of  ammonia  formed  is  almost  impeioep- 
tible ;  hence  they  consider  it  probable  that  the  small  quantities  of  nitrogen  found  in 
steel  by  other  observers  may  have  been  due  to  errors  of  experiment,  and  at  all  events 
that  the  existence  of  nitrogen  in  steel  cannot  be  regarded  as  proved.  Fr^my,  however, 
does  not  consider  the  method  of  ignition  in  hydrogen  as  well  adapted  for  the  predae 
determination  of  the  quantity  of  nitrogen  contained  in  steel,  but  is  of  opinion  that  the 
only  method  capable  of  yielding  trustworthy  results  is  the  direct  oxidation  of  the  steel 
by  combustion,  as  in  organic  analysis,  and  the  determination  of  the  nitrogen  hj 
measurement.    (Pelouze  et  Fr^my,  TrdUj  3me.  Ed.  iii.  412.) 

The  oxides  of  nitrogen  are  analysed  either  by  exploding  them  with  hydrogen 
(i.  285),  or  by  passing  them  over  red-hot  copper,  which  removes  the  ox^en  and  leaves 
the  nitioeen.  When  carbon  and  hydrogen  are  likewise  present^  as  in  oiganic  com- 
pounds, we  substance  must  be  burnt  with  oxide  of  copper,  and  the  evolved  gases  passed 
over  red-hot  metallic  copper  (i.  242). 

The  methods  especially  adapted  for  the  analysis  of  nitrates  and  nitrites  will  be 
described  further  on  (pp.  71,  84), 

Atomic  Weight  of  Nitrogen. — The  weights  of  equal  volumes  of  hydrogen  and 
nitrogen  at  the  same  pressure  and  temperature  are,  according  to  Regnaulf  s  experiments, 
as  1  :  14*06 ;  hence^  on  the  assumption  that  equal  volumes  of  elementary  gases  contain 
equal  numbers  of  atoms,  the  atomic  weight  of  nitrogen  should  be  14*06. 

Svanberg  (Berz.  Jahresb.  xxiL  39),  by  the  analysis  of  nitrate  of  lead,  obtained  for 
nitrogen  the  number  13*95 ;  Penny  (I^hiL  Trans,  cxxix.  13),  from  the  analyais  of 
nitrate  of  sodium,  found  N  s  14*02. 

The  experiments  of  Pelouze  TCompt  rend.  xx.  1047)  and  Marignac  ^Ann.  Ch. 
Fharm.  lix.  289),  on  the  quantity  of  chloride  of  ammonium  required  to  precipitate  1  pt 
of  silver  from  its  solution  in  nitric  acid,  give — ^if  Ag  «  108,  and  CI  ^  35*5 — as  a  mean 
result,  N  -  13*99;  and  if  Ag  =,  107*98,  a  «  35*46,  then  N  «  14*01.— Marignac  has 
further  determined  the  weight  of  nitrate  of  silver  produced  by  treating  a  known  weight 
of  metallic  silver  with  nitric  add.  100  pts.  silver  gave,  as  a  mean  of  five  experiments^ 
157*2  pts.  nitrate:  hence  (for  Ag  «  108)  N  «  14.  Stas  (Ann.  Ch.  Pharm.  SnppL 
i.  62)by  the  same  method  found  N  «  14  04 1. —Lastly,  Marignac  finds  that  100  pta. 
chloride  of  potassium  require  for  complete  decomposition,  on  the  average,  227*9  ptiL 
nitrate  of  silver  (max.  228*09 ;  min.  »  227*81),  whence  if  Ag  «  107*9^  CI  —  86^ 
and  K  «  39*11,  we  find  N  -.  14*03. 

These  several  results  differ  about  equally  in  excess  and  defect  from  the  whole  som- 
ber 14,  which  is  accordingly  receiyed  as  the  true  atomic  weight  of  nitrogen. 

WZTftOOBV,  ZOBZDB  07.     See  Iod^lmides  (iii.  280). 

vmoOBir,  OXZBES  AVB  OZTOBV-ACZBS  or.  Nitrogen  fonns  a 
very  complete  series  of  oxides,  as  represented  in  the  following  table : 

Protoxide  or  Nitrous  oxide NK) 

Dioxide  or  Nitric  oxide N»0'  or  NO 

Trioxide  or  Nitrous  anhydride N'O' 

Tetroxide  or  Nitric  peroxide N*0*  or  NO* 

Pentoxide  or  Nitric  anhydride N*0*. 

All  these  compounds  may  be  produced  directly  or  indirectly  from  nitric  acid  and  le- 

converted  into  it    The  three  higher  oxides  are  decomposed  by  water,  yielding  the 

corresponding  acids ;  thus : 

N'0«  +  IPO     «     2HN0« 

Nitrous  acid. 
NK)«  +  H*0     «     HNO«  +  HNG* 

Nitrous  acid.  Nitric  acid. 
N^O*    +    IPO      «     2HN0« 
Nitric  acid. 
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■ionium ;  uid  by  nuuiy  othei  reactioiiff ;  but  when  required  in  quajitity,  it  is  alwujrJ 


^^^^P  P&OTOXUIB  OJf   NlTBOOKIV  OT  NtTROVS  OXXDSL      IPO* 

TbU  compound,  which  is  ganeous  at  ordinair  temperatures,  was  discovered  by 
Fn>«:tif>j  in  1776,  and  miniit«]jr  exatnitt^  by  Datj  is  1800,  who  fifst  noticed  Ibe 
liv«  '  iting  effects  produced  by  ita  inbaUtion,  whence  its  popular  naiae  of 

i'r'rffuui-jn  and  Pmparaiion. — 1.  By  gently  beating  nitrat<»  of  ammonium  in  a  Cask 
or  iTtoit  to  a  tetnpenitim  DO't  exceeding  25<P.  The  salt  patfi  on  [Xi&  appmraiJt.-«  of 
ebullition,  and  la  entij*rly  reaolred  into  water  and  nitrous  oxide : 

(JfE*)NO»     «     N»0   +   2H*0. 

WfUtUSIt  ^  <?<)HectiHl  over  brinp,  warm  water,  or  mcTCtiiT.  If  the  temperature  of 
IpM^HHKll  it  allowed  to  riae  too  high,  a  more  eompli^x  de<»>mposition  euaues, 
titefiPl  "^^^  the  erolution  of  white  fames  of  nitnt«  and  uiirite  of  ammonitim,  and  of 
nitngiMi*  nitric  oxide  and  amuoniacal  gases.  MomoTsr  this  decxfmpoaition  \u  some- 
tllMS  attended  with  explosion.  If  die  gaa  ia  to  be  used  for  inhalation,  great  cure  must 
be  taken  to  ensure  that  the  nitrate  of  ammoninm  used  is  free  from  std-ammoniae, 
otherwise  the  product  will  be  contaminated  with  chlorine. 

2.  When  grannlated  xine  is  acted  upon  by  nitric  acid  diluted  with  eight  or  ten 
timea  its  volume  of  water,  very  port:  nitrous  oxide  q^  is  flowiy  evolved : 

lOHNO"   +  Zn»     =     8Z«N0»   +   5H«0   +   K«0. 

3.  Nitrons  oxide  may  also  be  obtained  by  decomposing  nitric  acid  or  a  nitmte  with 
R  solution  of  stannous  chloride  in  hydrochloric  acid ;  by  acting  upon  saUammomac 
with  nitric  acid  of  specific  gnivity  1*2  ;  by  slowly  passing  nitric  oxide  gaa  through  a 
•ohition  of  sttlpliurous  acid  or  an  acid  sulphite ;  by  decomposing  nitroeulphate  of  am* 

and  by 
prepared  from  nitiHta  of  ammonium. 

iVt>p«rf^.— Nitrons  oxide  is  at  ordiuary  temperatitrea  a  eolottrlesi,  feebly  refrangi- 
ble ga%  of  specific  grarity  1  495  (  =  — — k  006&3  j  .   It  baa  a  faint  agi^cablo 

odour  and  sweetish  taste.  When  respired  lor  fonr  or  five  miuutes,  it  produces  a  lively 
intoxication,  often  attended  with  a  disposition  to  muscuhir  exertion  and  violent 
laugh  ten  Animals  immersed  iq  it  become  restless  and  die  after  some  time.  It  is 
somewhat  soluble  in  u^airr,  100  pts.  of  whidi  absorb  130  volumes  of  the  gaa  at  0*^, 
78  vol.  at  Id^  and  61  vol.  at  24^«  (See  Gasss,  AnsonpnoK  of,  ii.  796.)  It  also 
discolvea  in  (fher  and  in  the  ^xed  and  txUaide  aiit.  Neither  the  gas  nor  any  of  its 
sotuHotis  has  any  action  apon  vegetable  colours. 

NitAous  oxide  may  be  reduced  to  the  liquid  and  to  the  soHd  state.  The  liquid  is 
obtained  bj  heating  perfectly  dty  nitnite  of  ammoaium  ut  the  end  of  a  bent  glass  tube 
bermetieaUy  sealed,  till  the  whole  has  dij^tilled  over  to  the  cold  end;  then  this  end 
IS  heated,  and  so  oq  two  or  three  times  till  the  greater  port,  of  the  ftalt  in  discomposed. 
In  the  cooler  end,  two  *ttratu  of  liquid  condense,  the  lower  of  which  is  water  eontiiining 
njlvou  acid  and  nitrtius  oxide  in  solution,  the  upper  liquid  nitrous  oxide.  The 
ipplCitlls  is  Tery  liable  to  burst  with  extreme  violence,  so  that  the  grentest  caution  is 
itqniKd  in  aaing  it  (Faraday).  The  liquid  compound  ma^  also  be  obtained  by 
imwhwiinl  eompfe«Don  of  tbe  gas.     (Natterer.  Pogg.  Ana.  zii.  132.) 

li^nid  nitrous  oxide  is  colourless  and  very  mobile.  Its  i|)odfic  gravity  at  7^t  fti^d 
under  a  pressure  of  60  atmospheres,  was  found  to  be  0-908.  It  boils  at  about  —  88^. 
A  single  drop  of  it  placed  upon  the  hand  produces  a  wound  like  a  bum.  Metals  dipped 
into  it  make  a  hisMng  noise,  like  that  produced  by  quenching  red-hot  iron  in  water. 
Potassium,  charcoal,  sulphur,  phosphorus,  and  iodine  float  on  ita  surface  without 
altefation.  Ignited  charcoal  burns  on  its  surface  vrith  a  vivid  light.  It  is  miseible  with 
ether  and  atcohoL  Sulphuric  and  nitric  acid  are  immediately  frozen  by  it.  Water 
also  freezes,  but  at  the  6ame  time  causes  the  liquid  nitrous  oxide  to  eTaporute  with  a 
degree  of  rapidity  almost  amounting  to  explosion*  According  to  Faraday,  niti^us  oxide 
is  the  leiist  refractive  of  all  liquids. 

By  exposing  liquid  nitrous  oxide  to  the  cold  produced  b^  a  bath  of  solid  carbonic 
anhydride  andetber(  —  100°  C.  or  — 148**!^},  the  compound  is  reduced  to  the  solid  state* 
Aguin,  when  liquid  nitrous  oxide  k  allowed  to  escape  into  the  air,  by  opening  the  eto^ 
cock  of  the  vessel  in  which  it  hus  been  oondfuised,  the  finst  portion  which  escapes  is 
reduced  to  the  solid  state.  Solid  nitrous  oxide  is  a  white  enowy  mass  which,  when 
placed  upon  the  band,  melts,  evaporates  suddenly,  and  produces  a  blister  like  a  burn. 
Mixed  in  vacuo  with  bulphide  of  carbon,  it  depreises  the  thermometer  to  —140^  0.  or 
— 240°F.     (Natterer.) 

Diecom]>o*itwHt.^L  Nitrous  oxide  gaa  Is  rpsolved  into  its  elements  by  a  0erie6  of 
electric  sparks,  or  by  transmisaion  through  a  red-hot  tube,  2  vol.  of  the  gas  yielding 
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1  YoL  oxygen  and  2  yoL  nitrogen.  A  coil  of  iron  rendered  incandescent  by  the  eleetzie 
current  ako  decomposes  it,  with  formation  of  ferric  oxide,  and  liberation  of  a  Tolnme  of 
nitrogen  equal  to  that  of  the  original  gas.  A  similar  effect  is  produced  by  the  electrie 
arc  issuing  from  an  iron  point.  An  incandescent  platinum  cou  produces  a  more  com- 
plex decomposition,  attended  with  formation  of  red  vapours.  (Ruff  and  Hofmanii, 
Chem.  Soc.  J.  x.  279.) 

2.  Nitrous  oxide  forms  explosive  mixtures  with  many  inflammable  gases.  When 
exploded  with  its  own  volume  of  hydrogen,  it  yidds  water  and  a  volume  of  nitzogen 
equal  to  that  of  the  original  gas. 

N«0   +   H«     «     HK)   +   N« 
S  vol.      2  ToL  S  Tol. 

3.  Nitrous  oxide  acts,  like  oxyeen,  as  a  supporter  of  combustion,  but  is  distingaished 
from  that  gas  by  not  forming  red  vapours  when  mixed  with  nitric  oxide.  A  brisfat- 
glowing  match  introduced  into  nitrous  oxide,  bursts  into  flame  and  bums  wiui  a 
brilliancy  almost  equal  to  that  which  it  exhibits  in  oxygen.  Ignited  carbon  and  its 
compounds  inflame  very  readily  in  nitrous  oxide  gas;  but  other  combnrtiblMi 
phosphorus  and  sulphur  for  example,  require  to  be  very  strongly  heated  in  order  to 
burn ;  the  combustion,  however,  when  once  established,  U&es  place  with  great 
brilliancy.  Sodium  heated  in  nitrous  oxide  takes  fire  and  leaves  a  volume  of  nitropui 
equal  to  that  of  the  original  gas.  Irorif  einc,  and  other  metals,  in  a  state  of  ignitiOD, 
also  continue  to  bum  in  nitrous  oxide. 

Dioxide  op  Nitboobn  or  Nitric  Oxidb,  NO  or  N*0*. 

Synonymes.  Binoxide  of  Nitrogen.  Diutoxide  of  Nitrogen.  Nitroiul.  Atoiyi, 
Nitrous  gas.  Nitrous  air,  Salpetergas.  Gas  nitrosum. — This  gas,  which  was  lint 
investigated  if  not  discovered  b^  Priestley,  may  be  prepared: 

1.  By  acting  on  copper  clippmgs  or  borings  with  nitric  acid  of  specific  graTity  \'% 
made  by  diluting  the  strong  acid  with  about  twice  its  bulk  of  water.  Nitrate  of  copper 
18  then  formed,  and  nitric  oxide  evolved : 

4HN0»  +  Cu«     -     3CuN0»  +   2HH)  +  NO. 

The  reaction,  if  it  does  not  take  place  at  once,  may  be  set  up  by  the  application  of  a  gentle 
heat ;  but  the  lower  the  temperature  the  purer  is  the  resulting  gas.  When  strong  nitric 
acid  is  used,  or  the  temperature  rises  high,  the  nitric  acid  is  contaminated  with  free 
nitrogen.  Other  metals,  lead,  mercury,  silver,  and  bismuth,  for  example,  may  be  8nb> 
stitnted  for  copper  in  the  above  reaction,  but  with  them  a  strong  acid  or  a  higher 
temperature  is  required. 

2.  By  decomposing  nitrate  of  potassium  or  sodium  with  a  solution  of  ferrooe 
chloride  in  hydrochloric  acid,  or  of  ferrous  sulphate  in  dilute  sulphuric  add: 

6Fe«S0«  +   5n«S0»  +   2KN0«     -     3Fe\S0*)»  +   2HKS0*  +  4HH)   +   2N0. 

This  process  yields  the  gas  abundantly  and  in  a  pore  state. 

3.  Nitric  oxide,  more  or  less  pure,  is  produced  by  many  other  redactions  of  : 
or  nitric  acid ;  also  by  the  oxidation  of  ammonia,  as  when  that  gas  is  passed  over  1 
oxide  of  manganese. 

Properties  and  Reactions. — Nitric  oxide  is  a  colourless  nncondensable  gas  of  spedfie 

gravity  10396  («   ^^   ^    ^^    x  0-0693 V     It  is  very  sparingly  soluble   in  waUt, 

According  to  Henry,  1  vol.  water  at  mean  temperature  absorbs  ^  of  its  volume  of  the 
gas.    According  to  Bunsen,  100  vol.  alcohol  at  16^  absorb  27*4  vol  of  the  gas. 

Nitric  oxide  combines  directly  with  free  oxygen^  producing  deep  oranse-colottied 
frimes  of  variable  composition,  but  consisting  in  *  great  part  of  nitric  peroxide.  These 
red  vapours  dissolve  in  water,  forming  an  acid  solution,  but  nitric  oxide  itself  is 
perfectly  neutral  to  vegetable  colours.  From  the  characteristic  nature  of  this  i«aclioii, 
nitric  oxide  may  be  advantageously  employed  to  detect  the  presence  of  free  oxygen  m 
a  gaseous  mixture.  It  is  necessary  to  observe,  however,  that  chlorine,  in  presence  cf 
water,  produces  the  same  efiect  with  nitric  oxide,  inasmuch  as  it  decomposes  the 
water  and  sots  oxygen  free.  This  reaction  was  in  fact  one  of  those  which  wen 
formerly  adduced  in  favour  of  the  theory  which  regarded  chlorine  as  a  compoond  gH 
containing  oxygen.  Nitric  oxide  was  formerly  used,  especially  by  Priestley  tad 
Cavendish,  to  estimate  the  proportion  of  oxygen  in  the  air  or  other  gaseous  miztnrpt  hot 
the  method  is  not  capable  of  yielding  exact  results,  on  account  of  the  diflSctdty  of 
obtaining  nitric  oxide  perfectly  pure,  and  it  has  long  since  been  superseded  by  BorB 
trustworUiy  methods.  In  consequence  of  the  rapid  conversion  of  nitric  oxide  into  aeid 
products  when  it  comes  in  contact  with  the  air,  its  actual  taste,  smell,  and  respixmbiUty 
have  not  been  ascertained. 
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Nitric  0xi^6  i«  ]i1)fiOrbed  fre*ly  bj  nitric  atidf  with  probjiLle  conveTsiotJ  into  nitric 
pcroxidfi»  and  fartnAtioti  of  a  deep  brown,  gn^en,  or  bloc  liquid,  according  lo  the  con* 
eeDtntioQ  of  the  add.  It  u  likewise  absorbed  hj/rrrotts  mlU^  prodncnng  «  def^p 
brown,  &lmo0t  bUck  cwlonitionu  Tho  brown  liquid  lhn«  formed  contains  2  atonm  of 
iron  (at,  w»  ^  66)  to  each  niolacnle  of  nitric  oxide,  tbu  formula  of  the  wmpound  being 
*JFfr'^0*-NO.  It  gires  up  nearly  the  whole  of  the  absorbed  gas  when  heated,  but 
boeomc*  rapidly  cnctdised  on  expoHure  to  the  air.  Thia  eomponnd  is  also  formed  when 
nitric  or  nitrona  add  £a  added  to  the  solution  of  a  ferroua  salt<,  and  a^Tords  one  of  the 
tnoet  delicate  t'Osta  for  those  acids  (pp.  71,  82),  Nitric  o»de  forms  preciftolj  (dniilar 
compoundti  with  ckromoiu  salU ;  it  is  likewise  abiijorbed  hy  stannous  vlh^  fmrcuroua 
g^IU,  and  forms  dystalhne  compounds  with  Mtannw  chloride^  and  with  M^huric 
tieid  or  auhifdrid^, 

J)tc(^mp<miiofis.^\.  Nitric  oxide  ii  a  Tery  stabl<?  conipc^und,  and  if  perfcctlv  dry,  ia 
not  deeompoied  by  a  red  heut,  or  by  ordinary  electric  Npturks.  Bui!  and  Hofniann 
fbnndi  however,  that  it  was  slowly  decomposed  by  the  spark  current  of  the  induction 
ooil.  Mobt  nitric  oxide  is  more  easily  decomposed  by  a  succession  of  elcdric  Fpdrkn 
into  nitrofren  and  nitric  acid, — 2.  By  moist  irtm  Jilings^  rinc  filimt^  9olublf  fu/phidrs, 
acid  $tdpmU*^  gianiwvM  ckhridf^  and  other  rirducing  agents,  it  ia  slowly  con  vert  f^  into 
nitrous  oxide,  frequently  accompanied  by  ammonia, — 3.  Nitric  oxide  is  completely  ^^on* 
Terted  into  ammonia  when  mixol  with  excetts  of  Ktifphydric  ndd,  and  tranamitttrd  over 
qmcklime.^ — 4.  A  mixture  of  moist  iron  jmngB  and  stdphur  alao  reduces  nitric  oxide 
TWy  corapletaly,  but  chie%  to  free  nitrogen.— &.  Ordinary  combuutibleii  do  not  bnnr 
in  nitfie  oxide,  but  phmphoru^  and  carfxni,  when  introduced  in  full  combualion,  bum  in 
tli0flu  with  great  brilliancy.  ^6.  With  an  equal  volum*^  of  hi^dntffrn,  it  forms  a  mucin  re 
whldl  doM  not  explode  on  the  approach  of  a  burning  body,  but  burns  quietly  with  a 
greeniih  flame.-^?^  Four  Tolumea  of  nitric  oxide  passed  over  rc^-hot  charcoal  iiro  cttn- 
rertod  into  2  tdL  nitrugen  and  2  vol.  carbonic  anhydride  :  N*0'  +  C  —  N*  +  CO". — 
8.  Sulphur  does  not  bum  in  nitric  oxide,  but  a  mixture  of  the  vapour  of  sutphidf  of 
carbtm  «nd  nitric  oxide  g»«  in6ames  readily,  producing  a  bright  greenish  fia^h  of 
li^t. — 9.  Red-hot  iron  decomposes  nitric  oxide,  with  liberation  of  half  its  volume  of 
nitrogen.  Witli  a  coil  of  iron  wire  rendered  incandescent  by  thtj  electric  current,  the 
decompoiitiun  \»  eaitily  and  completely  ejected  (Buff  and  Hofmann).  Pt^tnssiitm 
and  sodium  effect  aimihir  decumpOi<itions  when   heated   sufficiently  to  bum  in  thu 

Nitric  oxida  «nters  into  Berenl  compounds  as  a  monatomic  radicle  (nitroaylX  rsplac- 
ing  hTdrogen  atom  for  atom,  as  in  the  nitrites,  the  general  formula  of  which  is 

M  \'  ^^  ^  ^^  ^^^  most  part  a  chlorous  rather  than  a  baiiylcius  character, 
neTertbeloaa  it  is  sometimes  capable  of  replacing  basylous  hydrogen,  as  in  chloride  <'if 
uitrosyl,  NOCl,  and  sulphate  <rf  nitronyl,  H(NO)SO*.  In  nitmu«  ether,  C«H*(NO)0,  tho 
nitnMiyl  may  also  be  regarded  as  oocn'pying  tlie  place  of  the  ba«yIous  bydpog**n-a(tmi  of 
alcohol,  C*HMI.O.  According  to  Weftzien,  nitric  oxide  is  sometimes  diequivalent  or 
capable  of  diaplAcing  two  atoma  of  hydrogen^  a  view  which  in  Ln  accordance  with  the 
fact  that  it  foraw  a  £  chloride,  NOCl*,  as  well  us  a  protochlorido.     (See  Nitbosyi-.) 


NiTiiot?B  ANHTOimiB,  Acn>»  ajh*  Sixtb^ 

Vltrotu  Anbydride  or  THoxfde  of  nltrogea  »  NK)'.^VltXH»ns  Add  » 

il'O.N'O*  or  iLNO^.  Nitrous  uubydride  is  fumjed^  together  with  nitric  peroxide,  when 
nitric  oxide  cumes  in  coulJict  with  oxygen  in  atmospheric  air.  It  may  bt»  ohtaiue«l  pure 
by  mixing  2  vol.  ixitric  oxide  w-ith  1  vol.  of  oxygen  in  a  ves«t  1  trurrounded  by  a  freexing 
mixture  capable  of  producing  an  iutense  degre**  of  cold.  A  blue  liquid  is  tJien  formed 
which  emits  red  fumes,  and  is  decomposed  by  water,  yielding  nitric  acid  and  nitric  oxide : 
3N»0»   +   2H'0     -     2HNa"  +   4N0    i-    HK>. 

The  fiame  liquid  ii  more  easily  obtained  by  heating  1  pt  o*  starch  witli  8  pts.  of  mtrie 
itcid  of  specific  grarity  1'25,  and  patting  the  evolved  gai<es»  first  tJirougb  a  drying 
tube  two  feet  long  containing  fused  chloride  of  calcium,  and  thf»n  into  aji  empty  tub^ 
cooIimI  to  -  20^^  F.  (  ^93  6'^  C.)  by  immeraion  in  a  mixture  of  pounded  ice  and  crj'stal- 
lijsed  chloride  of  eulcium. 

Nitrous  anhydride  (or  perhaps  the  acid)  may  also  be  prepared  Ijy  adding  a  small 
quantity  of  ice-cold  water  to  liquid  nitric  peroxide  surrounded  by  »  freezing  mixture. 
After  the  reaction  of  the  two  has  taken  plac'*^  dii^tillation  msvy  be  i ffected  at  a  low 
ffjuperature,  and  the  product  condensM  in  a  U-tube  immersed  in  salt  and  ice. 

At  0"*  and  at  lower  temfyemtim-M,  nttn^m  anhvdride  c*ini'iiiif'«  readily  with  watiir, 
forming  a  bine  soltilion  ;  lait  ;it  higher  temp«^raturps  the  mixture  is  decomposed,  nitric 
oxide  being  given  off,  and  nitric  acid  reiuaining  in  solution.    The  sam«  dccompodtion 
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takes  place  when  nitroua  acid  is  set  free  by  the  action  of  •ulpfauntf'  add  en  a  nitnle. 
Ice-com  acidified  solutions  of  nitrites  however,  that  of  potassinm-nitrite  with  snlphuric 
acid,  for  instance,  seem  to  contain  nndecomposed  nitrons  acid.  Nitrons  acid  (or 
perhaps  only  the  moist  anhydride)  is  likewise  obtained  by  the  action  of  nitric  add  at  a 
gentle  heat  on  arsenious  anhydride : 

Afl*0«  +  3HK)  +  2HN0«  -  2H»A80*  +  2HN0*  (or  H»O.NK)«). 

Deep-brown  vapours  are  then  given  off,  which  when  passed  over  chloride  of  cakinm, 
give  up  their  water  and  leave  nitrous  anhydride.  SinuUr  vapours  are  given  off  when 
starch  is  treated  with  a  large  excess  of  nitric  add,  of  specific  gravity  1*25  ;  but  the 
process  is  attended  with  considerable  frothing,  and  occasionally,  when  a  stronger  add 
IS  used,  with  explosion. 

Nitrous  add  acts  very  readily  both  as  an  oxidising  and  as  a  redndng  agent  Thna 
it  reduces  permanganic  and  chromic  adds  to  the  state  of  manganons  and  chromie 
salts,  and  mercurous  and  auric  salts  even  to  the  metallic  state.  On  the  other  hand,  it 
bleaches  indigo  by  oxidation,  liberates  iodine  from  iodide  of  potassium,  and  couveHi 
ferrous  into  ferric  salts,  with  production  of  nitric  oxide. 

Nitrous  add  dcxromposes  urea^  with  evolution  of  carbonic  anhydride  and  mtzogen 
gases: 

CHWO   +  2HN0»  -  C0«  +  N*  +  2HK). 

When  nitrous  add  or  the  anhydride  acts  upon  a  hydrate,  either  acid,  neutral  or  basy- 
lous,  it  frequently  gives  rise  to  the  formation  of  n  itroso-compounds,in  which  an  atom 
of  hydrogen  is  cUsplaccd  by  an  atom  of  nitrosyl,  NO :  thus  with  alcohol,  CH*.H.O,  it 
forms  nitrous  ether,  CH*.NO.O.  Its  reactions  with  amides  and  amines  are  partiealazly 
remarkable,  and  differ  according  as  the  amide  or  amine  is  present  in  aqueona  or  in 
alcoholic  solution : 

a.  An  aqueous  solution  of  an  amine  or  amide  treated  with  nitrous  add  or  anhydride^ 
yields  the  corresponding  acid  or  alcohol,  with  evolution  of  nitrogen :  thus 

C'H«O.H«.N  +  HNO«  -  (rH»O.H.O  +  H»0  +  N« 
Bensamide.  Bcotoic  acid. 

C«H».H2JT  +  HN0«  =    C«H».H.O    +  HK)  +  N». 

Phenylamine.  Phenylic  alcohol. 

With  larger  proportion  of  nitix>U8  acid,  amines  yidd  the  corresponding  nitrons  ethen: 
thus 

C?H»JI«.N  +  2HN0«  =  C«H*NO«  +   2H''0  +  N». 

EtbylamiiM.  Nitrite  of  ethyl. 

b.  When  nitrous  add  or  anhydride  is  passed  into  an  alcoholic  solution  of  an  amine 
or  amide,  a  different  or  intermediate  reaction  takes  place,  attended  wiUi  the  formatioa 
of  compounds  in  which  1  at.  nitrogen  displaces  3  at  hydrogen.  Thus  the  donUe 
molecule  of  phenylamine  reacts  with  nitrons  add  or  anhydride  according  to  the  following 
equation : 

C"n»N«  +    HNO«  =  C"H"N«  +  2HH). 

In  like  manner,  a  double  molecule  of  oxybenzamic  acid,  C'H'NO*,  treated  with 
nitrous  add,  yields  en  acid  having  the  composition  C'^H^'N'O*: 

C"H'<NH)*   +  HNO«  -  C»<H"N«0«  +   2HK); 

and  similarly  for  other  cases.     (See  Phenylaminks,  Oxt-aihsamic,  Oxt-bxhiaiiic^ 
OxT-cuMBNAMic  and  OxYTOLUTLAjac  Acms.) 

Trioxide  of  nitrogen  unites  with  the  tetrachlorides  of  tin  and  titanium,  forming  nEd 
compounds  which  are  obtained  by  passing  the  vapour  of  nitric  peroxide  into  thcit 
chlorides.  The  stannic  compound  has  the  composition  SnCl*.NH:)*.  (B.  Weber,  'Pcgg^ 
Ann.  cxriii.  471 ;  Jahresb.  1863,  p.  165.) 

intrttes.  The  normal  nitrites  have  the  composition  M'NO*  "«^|o  or  MTTO* 
«  /jjQ\sf  O',  according  as  the  metal  contained  in  them  is  mono-  or  di-atomic     Tlicn 

are  also  nitrites  containing  M>NO«  «  ]^|o«  or  ]&«N»0«  «^.,|o\  in  whidi  tb 

three  atoms  of  metal  denoted  by  the  symbol  M  may  consist  of  the  same  or  of  dillerait 
metals,  including  hydrogen :  thus  there  are  basic  nitrites  of  lead  containing  Pp'VlTO^ 
and  Ppb"HNO*.  There  are  also  a  few  nitrites  containing  a  still  larger  propoctka 
of  base,  which  may  be  regarded  as  compounds  of  tri-met^c  nitrites  with  faSHtm  cr 
hydrates. 
Nitrites  are  produced:  1.  5y  the  reduction  of  niVra^.— When  nitrate  of 
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or  Bodlum  is  vtrao^j  beated,  oxygeo  u  giv^n  off,  and  a  mixture  of  nitnit^^  nifrite,  and 
free  alknli  is  l«(t ;  nmilarly  witj^  tbe  nitrate*  oi'  barium,  atraotiam  and  others.  On 
disaoMtig  the  fused  maaa  tbua  obiaiDed  ia  waUr,  and  oddlog  nitraU  of  eUver»  a  pre^ 
dmtete  of  the  ifpaiiDslj  BolaUe  nitiita  of  ailT^r  ia  obtained,  which  maj  be  purified  by 
WHOlton  in  water  and  ciTstAlIisation ;  and  from  thia  aalt  thd  other  mtritea  may  ho 
ionned  by  double  deoompoaition  with  the  chloridca  of  tha  ae?«ral  metaU.     Kitrai^^  of 

* *L  lll«tlLUlcl< 


of  iMd  boiled  with] 


!  lead,  yielda  a  baaio  nitftta  of  lead,  thus : 


^^^J0»  *   Fpb» 


2.  £fy  decompoHHim  ofnitrk  peroxide  in  presence  of  an  allaiint  bate: 

K=0*  +   H'O   «  HNO'  4    UNO* 

Wh<*n  the  red  TnpoTirB»  chiflly  eonaixting  of  pemitric  oxidi*,  evolred  by  dinttlling 
fkmifig  nilric  add,  are  pasaed  into  a  aolutioD  of  caustic  potash  or  poda,  a  mixture  of 
Bltnto  and  nitrite  is  obtained,  from  which  the  nitroua  add  may  be  precipitated  in  this 
Ibffm  of  a  tiilvcr-«alt,  as  abore*  Tlie  same  reaction  takea  place  when  the  vapoare 
evolTed  on  beating  atarch  or  anenioiu  acid  with  dilate  nitric  acid  are  pafised  into  mlu* 
tioQ  of  cttUKtic  alk&li;  in  thia  caae,  however,  the  rapours  contain  a  conaid  era  UK'  tpiontity 
of  mtrooa  add  or  anhydride,  bo  that  a  larger  proportion  of  nitrite  it  obtained. 

8.  //y  oxidation  ofOu  Icttfr  oxides  of  niiroaen  in  i>rtttnc€  of  hasti. — Nitrite  of 
potaanam  ia  formed  when  oxygen  gas  ia  gradually  addea  to  nitric  oxide  standing  orer 
can^tic  potash  nolntion.  or  when  a  nnixture  of  1  vol  oxygen  and  4  vol  nitric  oxide  i» 
pasaed  tnroagh  the  same  liquid.  Nitrites  are  also  produced  by  parsing  nitric  oxide 
over  metallic  peroxidrs* 

4,  Bff  oxidation  of  Ammmtia, — Platinum-bWk  quickly  conrerta  a  mixt^iNS  of 
ammonia  and  atmospheric  air  into  nitrite  of  ammonium.  A  coil  of  hoated  pltitinnm-^ 
wlr^  iiitrodaced  into  a  flask  of  air  to  which  a  few  drops  of  strong  ammonia  hare  beon 
added,  also  produces  an  instAntiincous  dond  of  nitrite  of  ammonium.  Again,  wbra 
fiiidy  divided  co^»per  is  shakf-n  un  with  moist  ammoniacaJ  air,  both  the  copper  und  the 
ammonia  are  mnidly  oxidised  and  nitrite  of  copper  is  formed.  Kitrites  are  frequently 
Ibund  in  the  well-water  of  towns,  the  nitrons  acid  being  probobty  formed  in  thia  c^aA 
also  by  oxidation  of  ammonia. 

Rmction*  of  M'^ri<«,— Kitrit<w  are  colonrleas  or  slightly  yelbw»  and  for  the  most 
part  crystallisable.  The  solutions  of  the  potassium^  and  sodium-salts  have  an  alkaline 
reaction  (H.  Rose).  Nitrites  mdt  when  moderately  heated  and  solidify  unchanged 
on  coolings  but  when  strongly  heated  they  are  decomposed,  giving  oft^  nitrogen  and 
oxygen  gases.  They  detonate  sliarply  when  heate<i  with  combustible  bodio**.  The 
norm&l  nitrites  (MNO')  are  all  soluble  in  wat^r,  the  le,id-  and  eilrer^salts  however  are 
sparingly  soluble,  so  that  the  solutions  of  the  more  soluble  nitrites  give  pr«*cipitatea 
with  lend-  and  silver-salts.  Heated  aolutiona  of  nitrites  exposed  to  the  air,  absorb 
oxygen  and  arc  converted  into  nitrates.  When  boiled  for  a  long  time  in  a  flask  or 
retort,  they  are  decomposed,  yielding  a  uitrate,  nitric  oxide  and  free  alkali :  f,  j^., 

SKNO»  +   HM)     -     KNO-  +   2KH0   +   2N0. 


Nitrites  act  readily  both  as  fidtteiiiig  and  as  oxidising  agents.  Acidulated  solu- 
tions of  nitrites  decolorise  ftrmof^naU  of  pottis$itimt  and  paduaUy  change  tlm 
colour  of  acid  chromale  of  potastium  to  a  greenish-blue;  they  also  reduce  tri- 
chloride of  gold  and  mereurous  aalU^  gi^g  with  the  former  a  brown  prt^ipit4ite  uf 
meifdlic  gold,  and  with  the  latter  a  grey  precipitate  of  metallic  mercury.  Thes« 
redodng  actions  dii^tingutsh  nitrites  from  nitrates. 

In  their  oxidising  action,  nitrites  resemble  nitratea,  excepting  that  they  act  more 
readily,  and  in  many  cases  without  the  pretence  of  a  free  adcL  Thus  they  giv  ii 
dark 'brown  colour  with  ferrous  snfts  without  the  addition  of  acid,  whereas  nitrates 
exhibit  this  effect  only  when  the  nitrie  add  is  set  free  by  addition  of  sul{»huric  acid, 
Acidulated  solutions  of  nitrites  produce  at  once  a  purple  colour  with  siarch  and  P.*did4 
of  potassium,  whereas  pure  nitrates  do  not  exhibit  this  effeet  until  the  nttri/'  add  issr^t 
free  and  partially  reduced  to  nitrous  acid  fp,  %fy\  Nitrites  in  solution  »re  further 
distinguished  from  nitrates  by  their  behaviour  with  certain  metallic  salts,  giving  white 
precipttat4<ts  with  l^ad-  tindsiittr'saiis^  and  a  yellow  precipitate,  which  forms  slowly^  with 
ct*/Mli'*aits  (i.  1046).  With  aqii^us  su/phatt  of  copper,  they  pn>duce  nitrite  of  copper 
which  forms  a  very  characteristic  apple-gruen  solutii>n. 

f^timation  of  fiiirous  <ic*rf, --Nitrons  add  is  most  coirectly  determined  by  oxidation 
with  p<"roxide  of  lead,  whereby  nitrate  and  hydrate  of  lead  are  produced,  according  to 
the  equtttiun : 

2PpbO>  +   2HN0»     ^     rpljN^O*  +   PpbHW. 
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A  known  qnantity  of  the  dried  peroxide  is  added  to  a  dilate  solution  (1  gtm.  salt  in- 
100  c.  c  water)  of  the  nitrite  to  be  analjBed,  and  the  solution  mixed  with  acetic  add 
diluted  with  10  or  12  times  its  bulk  of  water  is  warmed  for  12  hours  to  3Q9  or  40®. 
The  weight  of  the  washed  and  dried  residue  gives  the  quantity  of  peroxide  dissolved, 
whence  the  quantity  of  nitrous  acid  may  be  calculated,  1  at.  peroxide  corresponding  to 
1  at.  nitrons  add.    (P^ligot    Lane,  Jahresb.  1862,  p.  681.) 

Nitrous  acid  may  be  determined  yolumetrically  by  means  of  a  standard  solution  of 
nitrate  of  urea,  eadi  molecule  of  that  salt,  CH^N'O.HNO',  decomposing  2  molecules  of 
nitrous  add,  according  to  the  equation  eiven  on  page  70.  The  solution  of  nitrate  of 
urea  is  heated  nearly  to  boiling;,  and  the  liquid  containing  the  nitrous  add  or  the 
acidulated  solution  of  a  nitrite  is  added  drop  by  dro^,  till  the  solution  prodnoes  a  bine 
colour  with  starch-paste  mixed  with  iodide  of  potassium. 

Nitrites  ma^  also  be  analysed  by  several  of  the  methods  to  be  hereafter  described 
for  the  analysis  of  nitrates,  viz.  by  igniting  the  salt  with  oxide  of  copper  or  chromate 
of  lead  in  a  tube  the  fore  part  of  which  is  filled  with  metallic  copper,  or  by  the  volu- 
metric method  with  ferrous  chloride,  the  deoompodtion  taking  place  as  represented  hj 
the  equation : 

Ffea«  +  HNO*  +   HCl     =    Ffea»  +  NO  +  HK). 

Qr  the  acid  may  bo  determined  by  loss,  either  by  dmple  ignition  of  the  salt,  or  hj 
decomposing  it  with  sulphuric  adc^  sal-ammoniac,  borax,  or  silica,  &c. 

The  amount  of  water  m  nitrites  is  best  determined  by  combustion  with  chromate  of 
lead  or  oxide  of  copper,  and  absorption  of  the  water  by  chloride  of  caldnm. 

Metallic  Nitrites, 

NiTBiTB  OF  Ammonium.  (NH*)N0'.H*0. — Obtained  by  double  decompod^n 
of  nitrite  of  lead  and  sulphate  of  ammonium,  or  of  nitrite  of  silver  with  chloride  of 
ammonium ;  also  by  passing  nitrous  vapours  into  aqueous  ammonia  and  evaporating 
over  lime.  It  forms  an  imperfectly  crystallised  mass  which  is  resolved  by  heat  into 
nitrogen  and  water.  Its  aqueohs  solution  is  simiUurly  decomposed,  suddenly  if  add, 
slowly  if  alkaline. 

NiTHiTB  ofBarium.  Bba"N*0*.H*0. — Obtdned  by  igniting  nitrate  of  barium  at 
a  moderate  heat,  precipitating  the  free  banta  from  the  solution  of  the  reddue'  by  car- 
bonic acid,  mixing  the  flltrato  with  alcohol  to  precipitate  the  remaining  nitrate,  and 
evaporating  to  the  crystallising  point  (Fischer).  Or  by  passing  nitrous  vapours  into 
baiyta- water,  evaporating  to  dryness,  digesting  the  residue  in  a  small  quantity  of  water, 
which  will  dissolve  the  nitrite  of  barium  and  leave  the  undeoomposed  nitrate,  and 
evaporating.  It  is  permanent  in  the  air,  eadly  soluble  in  water  and  in  alcohol,  and 
crystallises  according  to  Fischer,  either  in  needle-shaped  hexagonal  prisms,  or  in  thidL 
rhombic  prisms  of  71}®. 

NitkiteofCadmium,  Ccd"N20*.  H^O,  is  a  sparingly  soluble  laminar  mass  whidi 
decomposes  at  100^  (Lting,  J.  pr,  Chem.  Ixxxvi.  295;  Jahresb.  1862,  p.  99). — 
According  to  Hampe  (Ann.  Ch.  Pharm.  cxxv.  334  ;  Jahresb.  1863,  p.  160),  the  solu- 
tion evaporated  in  a  vacuum  leaves  a  viscid,  deliquescent  mass  which  when  treated 
with  water  j-ields  the  basic  salt  2Ccd"0.N*0*  or  Ccd''O.Ccd"N'0*. 

NitbiteofCalciual  Cca"N-0  \JVO.  —Prepared  by  decomposing  a  boiling  soln- 
tioii  of  the  silver-salt  with  lime-water,  treating  the  filtrate  with  sulphydric  acid,  and  then 
with  carl>onic  acid  to  remove  excess  of  silver  and  calcium,  and  evaporating  at  a  gentle 
heat.    It  forms  deliquescent  prismatic  crystals  insoluble  in  absolute  alcohol 

NiTBiTK  OF  Cobalt. — Black-brown  or  red-brown  crystals  which  dissolve  in 
water,  and  yield  a  brown  precipitate  with  potash ;  hence  they  contain  eobaltic  oxide 
(Lang).  The  solution  is  decomposed  by  evaporation,  with  separation  of  a  bade 
salt.    (Hampe.) 

Nitrite  of  Cobalt  and  Potabsjum.  dco-K*N'»0"  «  Ca)*0».3K*O.6N«0^  - 

/^QN,o[0"-      CobaJt-yelUiw, — The  yellow  precipitate  formed  on  adding    xiitrite  of 

potassium  to  an  acid  solution  of  a  cobalt-salt.  It  is  «f  a  very  fine  colour  and  is  need 
as  a  pigment.  Its  formation  ser\'es  aUo  as  a  means  of  separating  cobalt  from  nidcel 
and  many  other  metals.  For  the  detailtt  of  its  preparation,  and  th%  sevexal  viewi  of 
its  composition,  see  Cobalt- yellow  (i.  1058). 

Nitrite  of  Copper. — Obtained  a.s  an  apple-green  solution  by  deeompceing 
nitrite  of  lead  with  sulphate  of  copper.    It  oxidises  in  the  air  especially  if  heated,  an! 
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is  cooreiied  into  nitrate.  Aceording  to  Hfunpe,  tho  solntian  yielils  by  eTapozution 
blae  shiniDg  liiziiiDs  coniiuomg  2Ccu"0.N''0*. 

NitkitisofLaad.  o.  Monophimbic  or  NarmaL  PpV*I^O*  —  PpV'O.K»0»  — 
Obt^iined  by  passing  carbonic  ucid  gas  through  h  hot  soluttun  of  the  t*'traplumbic  Kilt, 
tiJl  three- fottftha  m  the  lend  «  precipituttHiJ  as  carbonate*  Tht»  resulting  yellow  eolu- 
lion  eTuporated  in  the  air  or  in  a  vacuum,  dfpowta  thi*  nomml  suit  in  long  yellow  prisms 
(P^ligot),  or  yellow  lamina;  (Chevreiil),  containing  1  at,  water  according  to 
NickUa  (Coropt*  r*nd.  xsvii.  244),  2  at.  accurdiug  to  Oom^t  {ibid,  xxxiv*  187).  It 
i»  easily  decompoaible  and  Tery  soluble  in  wAt«r,  ^ 

^,  DrplutfAk  or  PtutHbo-kifdric mtriU,  2Ppb''0.NKH.H*0  -  PpbHNO*— Formed 
in  «mall  <)uaiitity  according  to  Bromeis  (Ann.  Ch.  Phmrro.  lxxii<  fii>),  whfti  the  yellow 
diptumbic  nittoao-nitrate  {vidr  in/,)  ia  boi]«d  fbr  some  time  with  metallic  lead.  It  is 
then  deposited  in  long  goldeu^y^^llow  needles. 

y.  IVt^vmbie.  8Pnb''0.N*0»  »  Ppb*N*0*.  -  Dffpodted  when  the  orange-red 
nitroso' nitrate  is  boilea  fbr  soma  hoEta  with  luad,  in  needle-ahaped  crystals,  mostly 
tmitod  in  concentric  groups  baring  sometimM  a  fiery-red,  sometimes  a  greeo  cobuiv 
but  always  the  same  composition  (Bromeis^  loc. ciL).  Pcdigot  doubta  the  existence  oi 
ihiaaalL 

TVtraplumhw,  4Ppb"0,N'O*.H'O  {Bcrxeliua)  ^  PpbllNO'.PpV'O.— Obtained 
by  boiling  a  mixtm^  of  1  pt,  nitrate  of  l^ad  and  1|  pt.  or  mora  lead  with  50  pt^. 
water  in  a  long-nt^rked  flask  for  about  12  hours.  It  crystallises  according  to  Che\Tful 
in  stellate  groups  of  pale  fleah-red  ailky  needles;  the  solution,  if  quickly  cooled,  depoaits 
it  in  the  form  of  a  white  powd*^r.  It  gives  off  its  wnter  at  IftCP  (Peligot),  together 
with  A  small  portion  of  acid  (CbeTreul);  at  a  red  heiit  it  give«  off  the  wlmle  of  its 
add  without  fwiion  (Berzelius).  Has  a  Htning  alkaline  react  ion,  and  diBMolres, 
aceording  to  P^ligot,  in  34a  pts.  boiling  and  1250  pta^  cold  water. 

NitrotO'Ttitratts  of  Lead.—3j  heating  nitrate  of  lead  with  metallic  lead  in 
cerfiiin  proportions^  salts  are  obtained  which  are  aomettmes  regarded  as  compounds  of 
leud-osido  with  nitric  peroxide;  but  they  are  more  probably  double  aalta  composed  of 
Bitratea  and  nitrates  of  lead. 

a.  2Ppb''0.N»0«.HH}  or  Ppb1IN0«.Ppb'^N0*,— A  solution  of  normnl  nitrate  of 
l«?ad  in  16  to  20  pts,  water  heated  to  60°— 70<^  for  seTeml  hours  with  63  pts.  very 
finely  dixided  leaa,  depoeita  this  salt  on  cooling  in  stmw-yelltrw  ftbining  newlles  and 
laminffi  baring  an  aUuuiae  reaction,  soluble  in  So  pts,  of  cold  and  10-6  pts.  of  boiling 
water  (Bromeis).  By  prolonged  boiling  with  metallic  lend,  it  is  oooTerted  into 
diplumbic  nitrate.     (P^Iigot,  Bromeis.) 

*,  7Ppb"0.2NO*.3H«0  or  Ppb«N»0^Pob»N«0*.PplH*0».2H'0.--0btain«i  by  boil- 
ing  the  preceding  »ilt  with  lead,  or  a  dilute  i^olutiun  of  neutral  nitrate  of  lead  with 
l^  at.  metallic  iron.  Fonuf)  bard«  omuge-red  cry  stain  soluble  in  1260  pts.  of  cold  aud 
34  pt«.  of  boiling  water.  When  boiled  for  some  hours  ^nth  lead,  it  is  eonrerted  into 
tripkmbic  nitrite  (7)  (Peligot,  Bromeis).  Both  these  Pulls  («,  6)  are  decomposed 
by  baryta-waten  yielding  nitrate  and  nitrite  of  barium,     (Pil  igol.) 

c.  Bromeis,  in  ondearouriug  to  prepare  this  salt,  once  obtained  an  orange-red  but  mure 
shining  salt,  containing,  aecording  lo  hisamUyisis.  3PpbO.N-'0'  -♦•  4PiibO,N  0*  +  3H'0, 

d.  The  same  chemist*  by  boiling  a  solution  of  nitmte  of  Ifad  for  serenil  days  with  a 
larg^  excess  of  metalhc  lead,  obtained  light  brick-red  rhombic  cry&t4ds,  to  wluch  he 
assigned  the  formuk  4PpbO.N'0<  4  3Ppl>0.N*0»  -t-  3H^0.  For  further  details  00 
the  nitrites  and  nit roso- nitrates  of  lead,  se^e  GmtiitCt  Handlmok^  r*  162. 

NiTRiTB  OF  Maoxb«>iux.  Mmg''K'0'.3HK)  (Lang);  with  2H'0  (Hampe), 
—Laminar  deliquescent  masa,  insoluVde  in  alt-ohol,  easily  decomposed  by  heat ;  obtamcd 
by  boiling  a  solution  of  the  silver-salt  with  magaesiai  removing  the  excess  of  silTer  by 
sulphydric  iicid,  and  evaporating, 

NtraiTfi  or  HAMOAirsaB.—Delique«eent  saline  mass. 

M  R  R c  r  R I  c  N I T n  I T  E,  lihg*N*0*. H'O,  separates  on  evaporating  a  mixture  of  mer- 
curic cidoride  and  nitrite  of  silver.     (Lang.) 

NiTitiTK  OF  Kick  XL,  Nni"N*0\  forms  reddish-yellow  crystals  which  aro  perma* 
nent  in  the  air,  and  in  the  dry  state  maybe  heated  to  100°  without  decompoaition, 
but  in  water  only  to  80^  (Lan  g).  According  to  Hampc,  the  solution  decomposes  even 
at  common  tf^mperatures,  giving  off  nitric  oxide  and  leaving  a  green  baaio  salt, 
Nni^O.Nni'-N^O'. 

NiTntTK  or  PoTASsivM.  KKO'.— -Produced,  as  already  described  (p.  70),  b^ 
heating  the  nitrate  to  redness,  or  by  passing  nitrous  vapours  into  a  solution  of  caubtic 
potash.  When  the  mixture  of  nitrate  and  nitrite  ihujs  obtninrd  i^  dissolved  in  water* 
and  the  solution  c^meent ruled,  nitrate  of  potaivtiuni  crYJstalliH***  out  fir>tjjiiid  .ifterwarda 
the  nitrite^  but  very  imjiurt.     To  obtain  a  puiT  &all,  Fitclier  mixes)  the  bolulion,  after 
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the  nitrate  hasciystallised  oat,  with  dilute  acetic  acid  and  twice  its  Yoloxno  of  alaML ; 
more  nitrate  then  crystallises  out,  and  the  liquid  separates  into  two  lajers,  the  upper 
consisting  of  an  alcoholic  solution  of  acetate  of  potassinm,  the  lowor  of  a  solution  of 
the  nitrite.  This  solution  evaporated  oyer  oil  of  vitriol  yields  the  nitrite  in  indistinct 
crystals.  Nitrite  of  potassium  may  also  be  obtained  pure,  by  decomposing  nitrite  of 
silver  with  an  equivalent  quantity  of  chloride  of  potassium,  or  nitnte  of  lead  with 
carbonate  of  potassium.  Or  the  following  process  may  be  adopted :  1  pt.  of  nitrate  of 
potassium  is  fused  in  an  iron  crucible,  and  2  pts.  of  lead  are  added,  with  constant 
stirring.  The  lead  oxidises  even  at  a  dull  red  heat ;  the  temperature  is  then  raised  to 
complete  the  oxidation;  the  cooled  mass  is  exhausted  with  water;  the  solution  is 
treated  with  sul{>hide  of  ammonium  to  remove  a  small  quantity  of  lead,  then  evaporated ; 
and  the  residue  is  heated  to  fusion,  to  decompose  any  hyposulphite  of  potassium  that 
may  have  been  formed  (A.  Strom ejer,  Ann.  Ch.  Pharm.  xcvi.  330).  Nitrite  of 
potassium  is  also  formed  by  the  action  of  ammonia  in  excess  on  permanganate  of 
potassium.    (Gloez  and  Guignet.) 

Pure  nitrite  <^  potassium  is  a  white  crystalline,  delic^uescent,  saline  mass,  nentnl  to 
Tegetable  colours,  according  to  Fischer,  alkaline  accordmg  to  H.  Roee.  When  treated 
with  any  of  the  stronger  acids,  it  gives  off  nitric  oxide  gas,  the  nitrous  acid  eliminated 
at  the  first  instant  being  immediately  resolved  into  that  compound  and  nitric  acid: 
3HN0«  -  HNO«  +  BPO  +  2N0. 

Double  salts  of  Potassium-nitrite. — TheAartMm-«a/^K*Bba'T^*O.HK),fbnii 
long  slender  needles,  permanent  in  the  air,  easily  soluble  in  water,  insoluble  in  aloohoL 
Similar  double  salts  are  formed  with  the  nitrites  of  strontium,  calcium,  and  magnenum^ 
the  first  being  permanent  in  the  air,  the  other  two  deliquescent  (Lang). — Cadmium^ 
salts. — A  mixture  of  cadmium-acetate  with  excess  of  potassium-nitrite  deposits  first 
the  salt  KK^cd^NH)*  in  oblique,  one-sided,  shining,  yellow  prisms ;  afterwards  the 
salt  K^Ccd'^'O",  in  yellow,  less  lustrous  tabular  crystals  (Lang).  Hampe  obtained 
this  last  salt  by  recrystallisation,  in  colourless  cub^;  the  mother-liquor  contained  an- 
other salt  which   ciystallised  in  prisms,  probably  K'Ccd'^^0*.  —  The  copper's^ 

KH/Cu'N'^O^.H'O,  forms  thin  prisms,  black  by  reflected,  dark  green  by  transmitted 
light,  permanent  in  the  air,  easily  soluble  in  water,  less  in  alcohoL  The  nolution 
decomposes  easily,  depositing  dicupric  nitrite  (Hampe). — Lead-salts. — The  salt 
K'Ppb'N^O^.H'O  crystallises  in  brown-yellow  rhombie  prisms.  A  solution  of  nitrite 
of  lead  mixed  with  a  large  excess  of  nitrite  of  potassium  yields  long  slender  prisma 
less  soluble  than  the  preceding,  and  probably  consisting  of  a  compound  of  the  two 
double  salts  K*Ppb'^*0»  and  KTpb'T^'O"  (Lang).-The  mercury-salt,  K«HhgT!f«0», 
forms  straw-yellow  prisms  (Lang). — The  nickel-salt,  K*Ni'T^*0",  forms  brown  octahe- 
dral crystals  which  dissolve  with  green  colour  in  water,  are  insoluble  in  alcohol,  but 
are  decomposed  by  boiling  therewith.  A  triple  salt  containing  potassium,  barinm,  and 
nickel,  viz.  K'Bba'^ni'^'O",  is  obtained  by  mixing  acetate  of  nickel  with  potassio- 
baiytic  nitrite,  or  acetate  of  barium  with  niccolo-potassic  nitrite,  in  brown-jeUow 
microscopic  tablets,  sparingly  solubleineold  water  (Lang,  Hampe). — The valladium^ 
salt  separates  from  concentrated  solutions  as  a  white  powder ;  from  more  ailnte  seda- 
tions in  yellow  crystals,  very  soluble  in  water.  It  is  decomposed  W  heat>  leaving 
A  residue  of  palladium  and  nitrite  of  potassium  (Fischer). —  The  sUperseUt, 
2EAgNH)^.H'0,  forms  yellow  rhombic  prisms  or  tablets,  permanent  in  the  air,  soloUe 
without  decomposition  in  a  small  quantity  of  water,  decomposed  by  a  larger  qnantitj 
(Lang,  Hampe).— -The  cine-salt,  K«Zzn"N<0».H^O,  crystallises  in  short,  yellow, 
deliquescent,  easily  decomposible  prisms.     (Lang.) 

NitbitbofSilvbr.  AgNO*. — Obtained  by  double  decomposition  of  an  alkaline 
nitrite  and  nitrate  of  silver.  Separates  from  cold  solutions  as  a  white  powder  com- 
posed of  capillary  cirstals ;  from  hot  solutions  in  larger  crystals.  In  small  quantities 
it  appears  white,  in  larger  (quantities  yellow.  Dissolves  in  300  pts.  water  at  ordinary 
temperatures,  easily  in  boibng  water. 

NiTBiTB  OF  Sodium.  NaNO*. — Prepared  like  the  potassium-salt.  Nitrate  of 
sodium  is  more  easily  decomposed  by  heat  than  nitrate  of  potassium,  and  yields  a 
larger  proportion  of  free  alkali.  In  purifying  the  nitrite  by  Fischer's  method  with  acetie 
acid  and  alcohol  (vid.  sup.\  the  alcoholic  solution  does  not  separate  into  two  lAjers^ 
and  the  aqueous  alcohol  holds  in  solution  acetate  and  nitrate  of  potassium,  as  weu  as 
nitrite.  It  must  therefore  be  evaporated  to  diyness  and  the  residue  exposed  to  the  air. 
The  deliquescent  nitrite  of  sodium  may  then  be  decanted,  and  will  yield  the  crystalline 
§alt  by  evaporation  over  oil  of  vitriol. 

The  properties  of  nitrite  of  sodium  are  for  the  most  part  the  same  as  those  of  the 
potassium-salt ;  it  is  distinguished  however  by  its  greater  solubility  in  alcohoL 

NiTBiTB  OF  Strontium.  S8r"N"01— Prepared  like  the  barium-salt^  bnt  the 
solution  requires  to  be  more  strongly  ooncentratcn]  to  separate  the  remaining  nitrate. 
'  Crystallisos  in  slender  needles  which  slowly  deliquesce  in  damp  air. 
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KiTttiTi  or  Zrirc. — ^White  lAminar 
0t  Zca'UZkd"NH)«  (Hftoipe). 


Goniiitingof  ZKn"NH>*.3H^0  (LAngX 


Atcohotie  Niiritef.    Siiraui  Ether 9, 

KiTaiTi  or  AvYL.  '  C*H"NO»  —  c»h*U^' — Prepuwd  hf  pa«sujg  mtroitt  ▼»* 

)M>un  into  amjlie  idcoliol  comtainod  in  ft  h(Mit«d  retort,  rectiiyisf^  the  diattlUti',  and 
c'uUeeting  Apart  tbo  portion  which  go«i  oror  at  96°.  It  U  a  light-jellowriiih  liquid 
bfcomiiig  darker  while  hot,  smelling  like  cthjllc  nitrite,  h&TtDg  a  upecific  gruirity  <>f 
0  877 ;  boiling  at  96^  (Balard),  at  91^(Rieckher).  Its  Tapour  has  a  reddiah-yeljow 
colour,  anil  prodoeea  head-aeha  wh£<n  inhaled. 

It  in  quickly  decomposidbj  alcoholic  potash,  yielding  nifriti^  of  pot  jusinm  and  probably 
cthjl-amjlic  ether ;  aqueous  pot&ih  acU  but  filowlj  on  it  When  dzopt  upon  melting 
potaah,  it  takes  fire  at  the  first  instant,  and  forma  valerate  of  potaasium.  Wh«ii  heatod 
with  water  in  which  peroxide  of  lead  is  suspended,  it  jields,  according  to  Biekher^ 
amvlie  alcohol,  nitrate  of  lead  and  nitride  of  lead.  (Balardf  Ann.  Ch.  Phja.  [3]  xii» 
318;  Rieckher,  Jahrcak  1847-8,  p.  699.) 

NiTniT*  or  Ethti*  Mtmujf  Eiher,  Cni*NO*;  formerly  called  Niirtc  Ether^ 
Salpftcr-atker^  Saipetrr-napktha,  Efkcr  nifriqit*, — This  ethor  waa  fint  obaenred  by 
Bumkel  in  1681  ;  bnt  its  conii^iosition  was  Cnt  exactly  dBftenntDed  by  Bmmaa  and 
BouUay  (Ann.  Ch,  Phy»,  [2|  xxxrlL  lo).  It  ii  produced  by  the  action  of  nitric  or 
nitfoua  ncid  npon  alcohol.  Tne  action  of  the  forai^T  acid  is  verj  riolent,  part  of  the 
fiterthol  being  oxidintKl  and  the  nitric  acid  reduced  to  nitrous  acid^  which  then  forma 
nit  runs  ether  with  the  remuiuing  oleohoL 

Ptfpmvthn,-—!.  A  miiturB  of  alcohol  and  nitric  acid  (eonal  parts  of  alcohol  of 
S5^  Bm.  and  nitnc  acid  of  32^,  according  toTh^nard)  is  ditftilli'd  in  a  retort  connected 
with  a  scrice  of  Woulffe's  bottle  half-fiUed  with  aalt-water,  heat  bein^  applied  to  f^t  th« 
action  g*>ing.  and  the  firf^  afterwards  remored,  NitrtDUs  ether  then  collects  on  the  surface 
of  the  brinn  in  th<*  form  of  11  light  h'qnid  which  is  to  be  rectifiwl,  and  then  act  aside  in 
Gontaet  with  qntcklime.  Berzelius  recommt'Dds,  as  originallv  proposed  hy  Bladc^  to 
plnce  8  ptt^  of  fuming  nitric  acid,  4  pta.  water,  and  9  pts,  alcohol,  one  nhaxv  the  otht-r 
ill  a  glass  cylinder,  lesTe  the  whole  to  itFclf  for  two  or  three  days,  so  thai  the  alcohol 
and  acid  may  mix  slowlj  by  diffusion,  and  pnrify  the  upper  layer  by  di§itllHtion. 

2.  As  the  direct  action  of  nitric  acid  upon  alcohol  la  neceesarily  attendt-d  with  a 
Considerable  loss  of  alcohol  by  oxidation,  it  h  more  adrantageons  to  reduce  the  nitrio 
to  nitrons  add  by  means  of  starch,  Fugar,  &c.  Liebig  (Ann.  €h.  Pharm.  xxx.  142) 
posses  the  nitrous  rapours  erolvHl  from  nifnc  acid  nnd  starch  throngh  cooled  dilute 
nlt'ohol^  and  condcmM's  the  crolTcd  vapours  in  a  cooled  receirer.  Or  equal  volumes  of 
nlcohol  and  nitric  acid  mny  be  distilled  with  e^tiirch  or  inigar  ( J.  Grant,  Phatm.  J. 
Trims.  X.  244) ;  or  with  copper  turnings*    ^E.  Kopp,  X  Pharm.  [3]  xi.  320.) 

Nitrite  of  ethyl  is  a  yellowish  lionid  haTing  an  odonr  of  apples*  roi»cible  in  all  pro- 

nions  with  jucohol,  but  Rperingly  soluble  in  water  (I  pt.  in  48).  It  boil  a  at  18**. 
eeomposes  by  keepings  ef-^pwaHy  in  presence  of  wnter^  gi^'^ng  <jff  nitric  oxide,  nnd 
often  bursting  the  containing  vesseL  It  is  reduced  by  sulphydric  acid  or  siUphide  of 
ammonium  in  the  manner  repretteated  by  the  equation  : 

CH^NO"  ^   3H^     -     C^H-0  +  KIP  +  HK)  -h  S». 

Nltrcmi  etlter,  Ak»hol. 

A  solution  of  ethylic  nitrite  in  alcohol  constitutes  the  niirie  ether  of  the  pharmaco* 
p^ias,  also  called  Sictet  Spihlt  of  Sitrt,  Spirititt  mirico-atkcreti*  or  Sjtiritug  tiilri 

For  detaila  on  the  preparation  and  properties  of  nitrons  ether,  see  GauUn's  Handhook, 
j'nu  468- 

NirniTB  or  Hxtrti^  CH*K0*. — Produced  by  treating  wood-spirit  with  nitric 
acid  and  copper  turnings  or  ameniouB  add.  The  less  volatile  products  nn-  condfoscd 
in  a  receiver  cooled  to  0°,  and  the  gaseous  methjlic  nitrite,  after  parifiniHon  bj  ratsdng 
throng  potash-ley,  solution  of  ferrous  eulphate.  and  dry  chloride  of  calcium,  is  con- 
densfd  in  a  tube  cooled  to  between  —80  and  —  4(P«  Aa  thus  obtained  it  is  a  liquid 
of  specific  gravity  0991,  whicli  boils  at  — 12**,  giving  off  a  gas  which  smells  like  ethylio 
nitnte  and  bums  with  a  green-edged  flAme,  It  is  also  found  among  the  gniieoua 
products  evolved  on  treating  bmcine  with  nitric  acid*    (Strecker,  Coropt  rend. 


Nitric  Prboxibb  or  TsTVOxma  or  NrrBOOiiK,    NO*  or  N^*. 

%non3rtnes  i  Prrnitric  oridr^  Ptrmde  of  fsitrof^a*,  NitrnAn-niiric  ankt^dridf.  ffj^p)- 
nitrie  ttcid.     In  combination;  AVlry/.^This  is  the  principal  constituent  of  the  orange 
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luraes  produced  on  mixing  nitric  oxide  with  oxygen  or  air.  When  nitric  oxide  is  mixed 
trith  excess  of  oxygen,  2  vol.  of  the  former  combine  with  1  Tol.  of  the  latter  to  finm 
2  Tols.  of  nitric  peroxide. 

Preparation. — 1.  When  a  mixture  of  2  vols,  nitric  oxide  and  1  voL  oxygen,  inootrpo- 
rated  oy  passing  ihronffh  a  tube  filled  with  broken  porcelain  and  thoroughly  dried  by 
transmission  orer  pumice  soaked  in  oil  of  vitriol,  and  then  over  recently  fused  slack- 
potash,  is  subjected  to  the  action  of  a  freezing  mixture  of  salt  and  ice,  pemitric  oxide 
condenses  in  transparent  crystals,  or  if  the  slightest  trace  of  moisture  is  present,  into  an 
almost  colourless  liquid. — 2.  Thoroughly  dried  nitrate  of  lead  heated  in  a  retort,  gives 
off  a  mixture  of  p<*mitric  oxide  and  oxygen  gases,  the  former  of  which  may  be  con- 
densed as  above,  while  the  latter  passes  on : 

PpbNK)*     -     Ppb'O   +   0    +  NK)«. 

The  first  portions  of  nitric  peroxide  thus  obtained  do  not  solidify,  doubtless  owing  to 
the  presence  of  a  trace  of  moisture,  but  if  the  receiver  be  changed  in  the  midst  of  tho 
operation,  and  if  every  care  has  been  taken  to  avoid  moisture,  the  later  portions  may 
be  obtained  in  the  crystalline  form. 

Properties. — Nitric  peroxide  at  very  low  temperatures  forms  transparent,  colonrlew^ 
prismatic  crystals  which  melt  at  —9^;  but  when  once  melted  do  not  resolidify  till 
cooled  down  to  —30^.  Above  —9^  it  forms  a  mobile  liquid  of  specific  gravity  l*idl, 
the  appearance  of  which  varies  greatly  according  to  the  temperature.  When  still 
liquid  below  —9°,  it  is  almost  colouriess;  at  -*9^  it  has  a  perceptible  greenish-yellow 
tint ;  at  0°  the  colour  is  somewhat  more  marked ;  at  10^  it  is  decidedly  yeilow ;  and  at 
15^  and  upwards,  orange-yeUow,  the  depth  of  colour  increasing  progressively  with  the 
temperature  up  to  22^,  the  boiling  point  of  the  liquid.  The  vapour  has  a  brown-red 
colour,  the  depth  of  which  also  increases  with  the  temperature,  until  at  40^  it  is  so 
dark  as  to  be  almost  opaque.  This  remarkable  change  of  colour  is  accompanied  by  a 
great  diminution  of  density  as  the  temperature  rises,  both  phenomena  pointingto  a 
molecular  change  produced  in  the  vapour  by  heat.  Play  fai  r  and  Wanklyn  (Chem. 
Soc  J.  XV.  156^  have  determined  the  density  of  the  vapour  by  Dumas'  method,  using 
nitrogen  as  a  diluent,  and  find  that  the  densities  at  di&rent  temperatures  are  as  follows: 


Temperature. 

Vapour-deoftitr. 

97-60 

.     1-783 

24-6 

.     2-620 

11-3 

.     2-646 

4'2    ^.    . 

.     2-688 

Now  the  density  required  by  the  fonpula  NO*  for  a  two-volume  condensation  is 

- — t^ X  0-0693  =»  1-6893 ;  that  required  by  N^O*  for  the  same  condensation  is 

2 
the  double  of  this,  viz.  3-1786 ;  and  the  vapour-densitios  found  by  experiment  are  all 
intermediate  between  these  two  numbers,  that  found  at  97*6°  not  differing  very  much 
from  the  lower  calculated  number,  while  those  found  at  the  lower  temperatures  approach 
more  nearly  to  that  required  by  the  formula  KK)\  Hence  it  is  probable  that  nitric  per- 
oxide exists  in  two  modifications,  N0»  and  N*0*,  which  pass  readily  one  into  tiie  other 
with  change  of  temperature ;  that  at  tempfiatures  near  100°,  the  gas  consists  chiefly  of 
NO*,  at  oi^nayy  temperatures  of  N'O',  and  at  intermediate  temperatures  of  mixtures 
of  the  two  in  various  proportions.  Liquid  pemitric  oxide  gives  off"  at  ordinary  tem- 
peratares  an  abundance  of  reddish  vapours  which  when  mixed  with  air  are  exti^mely 
difilcult  to  condense.  These  vapours  have  a  pungent,  buffocating  odour  and  add  taste, 
are  quite  irrespirable,  and  stain  the  skin  of  a  bright  yellow.  Concerning  the  dark  bands 
ip  the  spectrum  of  lamp-light  passing  through  the  vapour  of  nitric  peroxide,  see 
LiOHT(iii.  621). 

Decompositions. — Nitric  peroxide  is  decomposed  by  water,  with  production  of  nitric 
and  nitrous  acids,  whence  it  may  be  regarded  as  nitroso-nitric  anhydride: 
NK)<  +   H«0     =     HNO*  +   HNO». 

This  simple  reaction  however  takes  place  only  at  very  low  temperatures ;  when  a 
small  quantity  of  ice-cold  water  is  addrd  to  pemitric  oxide  cooled  by  ice  and  salt,  two 
layers  of  liquid  are  formed,  the  upper  and  least  coloured  of  which  consists  chiefly  of 
aqueous  nitric  oxide,  the  lo\rer  and  darker  of  nitrous  acid  or  anhydride,  which  may  be 
distilled  oflf  at  a  low  temperature,  as  already  described  (p.  74).  Pemitric  oxide  acts 
in  a  similar  manner  upon  caustic  alkalis  when  not  too  dilute,  forming  a  nitrate  and 
nitrite  of  the  ulkali-metal  But  when  nitric  peroxide  is  added  to  excess  of  ymXet  at 
ordinary  temperatures  it  is  decomposed  into  nitric  acid  and  the  products  of  decompo- 
sition of  nitrous  acid,  namely,  nitric  acid,  water,  and  nitric  oxide  gas.  As  the  quantity 
of  nitric  peroxide  added  to  the  water  increases,  the  evolution  of  nitric  oxide  T 
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Urn  ami  li^is  obriooi,  until,  when  a  oomidenblfl  quantity  of  aitnc  acid  \mB  Wu  formic], 
ii    :  '    -Hhur,     Daring  thlii  satumlion  of  the  woU'T  with  nitrio  nciil,  it 

L^  ly  blue,  green,  and  orange^coloimd,  thfiMs <silour$ dt-poiwiing  npoo  tbc 

»i/iij.,t.'t.  .  .  ........  retl  nitric  pBPoride  in  thoHqi»»'^  'i^  mm.,,^  .-  i\l    nhifh,  upfordiugto  ita 

eodicratration,  i»  capable  of  uiBsolrin^  nn  incr*'  i  I  of  di  iVjmpo«ijig  a  d<^ 

creifliiig  quaolity  of  that  eompouiid.    The  >;  .1  liquidii  produced  bj 

treating  aqueotui  nitric  acid  with  nitnc  oxide  gas  iuv  thuu^^hi  to  owe  thfir  colour  to  the 
presence  of  pdrmtric  formed  by  deoxidatlon  of  a  portion  of  the  nitric  acid  : 
KO   +   2HN0*     «.     IPO   >     3N0». 

Kitric  peroxide  is  not  deoompowd  at  a  dull  red  heat  Mixed  nitric  peroxide  and 
oTi/gfn  ffoffi  paaied  over  apongy  pbitiimm,  rnict  uptm  each  other,  with  production  of 
water  and  ammonia,  the  platinum  at  the  same  time  becoming  rpd-boL  Nitric  per- 
oxide ia  also  absorbed  by  aqueoua  sutph^drtc  ocid^  m  ith  formafion  of  ammonia  iiud 
d«poiitioci  of  aulphar.  Oidinaiy  combubtiblca  arp  exfinj;ui*.hiHl  by  nitric  peroxid** 
▼aponr;  but  ekar^oal  and  photpkiyrus,  when  jtrt."-it  '-nytt^l,  bum  in  it  with  consider* 
able  brilliancy* liberating  the  nitmgen.   Ii  is  ?  ned,  with  liberatioa  of  nitro- 

gen* by  iron  and  other  metal«  at  a  red  beat,     j  introdaced  into  tho  Tapuiir  at 

ordtnaiT  temperatures  inilameA  spontaneously  and  imriM  with  a  red  flame. 

Cffmmnationji, — Nitric  peroxide  uaiiaUy  reacts  with  ba«j'ioaB  metallic  oxtdea,  as  before 
observed,  to  form  nitratoa  and  nitritea ;  Dul  it  has  be«?o  suptxused  td«j  to  unite  directly 
with  wme  oxtdos  to  fbrm  definite  §alt«:  hence  it  lias  Ijeen  called  hyponitrie  acid. 
Thtt»  the  nitrofio^nitrates  of  lead  already  described  (p.  73)  are  regtirded  by  Bromeii»  as 
eompoondf  of  lead-oxide  with  nitric  peroxide;  and  cobalt-yeUow  (i.  1051}  is  by  iome 
chemiats  iroppoaed  to  have  the  compoiition  CoKO.N*OV 

Nitric  peroxide,  or  nitryl,  acts  a«  a  monatomie  chloroua  radicle  analogoufi  to  chlorine 
and  bromine,  and  capable  of  displacing  on©  or  more  atoms  of  hydrogt^n  in  viiriuuft  cot\\- 
pL»und^.  obieflv  organic,  atom  for  atom  ;  naphthalene,  for  «^xwmplp,  yields  the  three  nitro- 
derivativea,  C*ni*(NO^)',  C^»H\NO»>»,  C'*H*(NO')l  Some  of  these  compounds  am 
iomied  by  the  direct  action  of  nitric  peroxtde  on  organic  t>odie9,  e.g.  mononitiooaph- 
llulaDt',  C**H'(^^')  f  bnt  they  are  genendly  speaking  mo^t  enaily  formed  by  the  actioo 
«ff  strong  nitric  acid  (which  may  itself  be  supposed  to  cuut^iin  the  mdicle  nitryl)  on  the 
primATY  coinpoundB :  thuei, 

NOM 


C"H- 


> 


C*»HXNO*)  4-  WO. 


Nltnc  peroxide  a]«o  unites  with  amylene,  Ibrming  nUrvHdt  of  amplfne,  (?H'^NO^X 
ajtiAloeous  to  the  bromide,  OH**Br*«  And  possibly  also  with  the  other  olrlines^ 
(Guthrie,  see  i.  2u9.) 

Achlorideofnit  ry  1,  N0*C1,  is  produced  by  the  action  of  oxychloride  of  phoapho* 
rus  on  nitrate  of  lead ;  thus, 

3PpbNK>«  +   2Pa*0     -     Ppb*P«0»  +   CNO'Cl; 

also  by  the  action  of  ehlorhydro- sulphuric  acid  upon  nitrate  of  potaisfsiiun : 

KNO'   +   HClSO>     -     KHSO*  +   NO*a. 

It  iji  a  thin  pale  oil  AmoUing  ctomewhat  of  nitno-muriatic  add.    It  is  decomposed  by 
water  Into  hydrochloric  and  nitric  actds : 

NO»a  +  HK>     -     HCl  +  HNO». 


KtTftic  AiraTDftms,  Ac?n>,  awo  Baltic 


Stitrto   Antaj^drlde*  or   Ventoxlde   of  WItrogen.      Anhydrous  Nitric  aeid, 

HHratt  of  Kitryt,  NK>*  -  ^^^  \  0.— This  compound,  discoTered  by  H.  Berille  in  184^, 

is  produced  by  decomposing  nitrate  of  sOrer  with  chlorine-gas«  both  being  perffctly 
dry: 

2AgNO«  +   Cl»     -     2A«Cl   ^K   K»0»  +   O. 

The  nitrate  of  eiWer  is  placed  in  a  U-tube  capable  of  containing  about  500  grms»  of 
thr  salt^  This  Tube  i»  cfmnected  with  another  U-tube  of  eoosidsrable  stxe,  ana  having 
at  thf*  liottom  a  Ririall  spherical  rfuerroir.  which  serves  to  receive  a  TCiy  Tolatile  liqfiiS 
(nitroiifl  Atitiydridt^l.  produced  in  the  course  of  the  operation.  The  tube  containing  the 
nitrute  of  silver  m  immersf-d  iu  water  covered  with  a  thin  tayer  of  oil  and  heatf4  ht 
niriins  of  a  spirit  lamp,  which  communicates  with  a  reservair  kept  at  a  corifitant  level. 
The  chlorine  is  evolved  from  a  glass  gasometer,  and  its  digjflacement  i»  regulated  by  a 
felow  and  constant  flow  of  sulphuric  acid;  it  is  dried  bypassing  over  cldoride  of 
calcium  and  then  ovi^r  pumice'«ttjne  moistened  with  Hulphuric  add.  The  bend  of  the 
large  U-tubc  is  im merged  in  a  freezing  mixture.     Th«*  uitnite  of  silver  is  first  heated 
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to  180''  ftud  dcpriT«d  of  moiitara  hj  paaring  a  enrmit  of  eafbook  anhjdride  Unoogli 
ih't  ftppamtiM«  After  thin,  the  tnnemiarioo  of  the  dilorine  b  eommeneed.  At 
tmlinmrj  Umjffntari^  it  app^rs  to  ez<?rt  do  action;  but  when  the  nitnte  of  aiher  k 
h«at4^  to  06^,  and  the  tempmtnre  then  lowered  to  58^— 68°,  the  deeompoeitioii  of  the 
nitrate  takm  XfUcn,  chloride  of  eilrer  being  formed  and  nitrie  ozjgen  erolfed.  At  lint 
a  pori'um  of  nitric  peroxide  is  dereloped,  Imt  as  soon  as  the  temperatne  has  reached  its 
lowest  point,  ciystals  of  nitric  anhydride  are  fbrmed  and  soon  obetmet  the  U-tvbe. 
The  gases  erolved  daring  the  procf'ss  are  coloured ;  and  in  the  ^herieal  icseifoir  it 
the  Ujttom  of  the  tabc,  there  collects  a  small  (|nantitj  of  liquid  which  most  be  remoTed 
from  the  apparatus  before  transferring  the  nitnc  anhjdride  to  another  TesseL  To  eflbet 
this  trani^rence,  the  current  of  chlorine  must  be  replaced  bj  a  current  of  carbonic  anhy- 
dride, the  condensing  tube  must  no  longer  be  cooled ;  and  the  bulb  destined  to  reeeiTe' 
thfl  crystals  must  be  immersed  in  a  freezing  mixture  and  connected  with  the  U-tnbe 
Inr  means  of  a  caoutchouc  tube  lined  with  asbestos.  The  chlorine  should  pa«  Tezy 
slowly,  not  more  than  3  or  4  litres  (about  60  cubic  inches)  in  24  hours.  An  appazstos 
arranged  as  above  described  will  go  on  day  and  night  without  snperintendieiiee:  it 
is  merely  necessary  to  renew  the  supply  of  sulf^nric  add  which  displaces  the  chlorine^ 
the  alcohol  which  feeds  the  lamp,  and  the  freezing  mixture. 

Nitric  anhydride  forms  transparent  colourless  crystals  of  great  brilliancy,  haTing  the 
form  of  prisms  with  six  fiices  and  apparently  derived  from  a  right  rhombic  prism. 
When  slowly  deposited  in  a  current  of  the  gas  strongly  cooled,  they  attain  a  consider^ 
able  sise.  They  molt  a  little  above  30^,  and  boil  at  about  46°.  At  10°  the  tension  of 
the  vapour  is  very  considerable.  At  temperatures  near  the  boiling  point»  decomposi- 
tion appears  to  bcain :  hence  the  tension  of  the  vapour  cannot  be  determined  Dj  XhrnaiT 
process.    (Deville,  Ann.  Ch.  Fhys.  [3]  xxviiL  241.) 

iritrle  aeld.    HNO«  -  ^'Jo  or  W-O.lPOh— Azotic  acid,     Spint  of  nitre, 

SpirituB  nitri  aeidut.  Salpettrgeitt,  In  the  dilute  state:  AauaforHB,  Bau  forte, 
Akmdewaster. — This  acid  has  been  known  fix>m  early  times.  It  is  mentioned  in  the 
writings  of  Oeber  in  the  eighth  century ;  Ra^ond  Luliius,  in  the  thirteenth  oen- 
^uiTi  KA^A  directions  for  preparing  it  by  distilling  saltpetre  with  sulphate  of  ivoii; 
and  Olaubor  soon  aftorwaros  obtained  it  by  distilling  saltpetre  with  oil  of  vitriol,  tha 
process  by  which  it  is  prepared  at  the  present  day. 

Formation., — 1.  When  nitrogon-gas  mixed  with  10  or  12  times  its  bulk  of  hydrogen 
is  burnt  in  oxygen,  the  resulting  water  is  found  to  contain,  in  addition  to  nitrite  of 
ammonium,  a  small  quantity  of  free  nitric  acid.  Again,  when  a  succession  of  electric 
sparks  is  passed  through  a  moist  mixture  of  2  vol  nitrogen,  and  6  vol.  oxygen,  tiaoei 
of  nitric  acid  are  Blowly  formed.  It  was  by  a  modification  of  the  experiment  that 
Cavendish  first  ascortainod  the  composition  of  nitric  acid.  Davy  noticra  that  traces 
of  nitric  acid  arc  produced  at  the  positive  polo,  when  water  containing  atmosphezio 
air  is  submit tnd  to  electrolysis. 

2.  By  the  decomposition  of  nitrous  add,  and  of  all  the  oxides  of  nitrogen.  Th<i% 
tnuH'M  uf  nitric  aciif  are  furmcHl  from  moist  nitrous  and  nitric  oxide  gases,  by  transmis- 
sion through  rod-liot  tubes,  or  by  electrolisation ;  while  (quantities  of  it  are  produced 
bv  the  action  of  water  upon  nitrous,  nitroso-nitric,  and  nitric  anhydrides.  Nitrie  arid 
also  occurs  among  the  products  resulting  from  the  transmission  throng  red-bot  tubsa 
of  an  excess  of  oxygen  mixed  with  ammoniacal  or  moist  cyanogen  gas. 

Prrparation,—  !,  From  Nitrate  of  potassium,  1000  parts  of  purified  saltpetre  are 
ditailliHl  in  a  gluM  retort  with  96  parts  of  common  oil  of  vitriol,  till  the  residue  in  the 
ri»tort  becomes  tranouil,  and  no  more  drops  distil  over.  The  ingredients  dionld  be  but 
little  more  than  sufficient  to  half  fill  the  retort,  or  there  will  bedai^gerof  the  miztaze 
boiling  over.  When  a  tubulated  retort  is  employed,  the  oil  of  vitriol  is  introduced 
tlm>ugli  the  tubnius ;  but  with  a  plain  retort,  the  acid  is  poured  down  thn  neck  by 
means  uf  a  bent  tubt^-iVinnel,  care  oeing  taken  not  to  soil  the  nedc  with  the  oil  of 
vitriol.  The  nwk  of  the  retort  must  reach  almost  to  the  middle  of  the  receiver, 
which  is  cix^lcil  with  water,  and  attached  to  the  retort  without  any  cemenL 

For  every  molecule  of  saltpetre  (KXO*  «  101  pts.)  1  molecule  of  oil  of  Titriid 
(H*SO*  -  98  pts.)  is  required,  in  which  case  1  molecule  of  nitric  acid  passes  over, 
and  1  molecule  of  acid  sulphate  of  potassium  remains  in  the  retort : 

KNO*  +  ireO«     =    KHSO«  +  KSG*, 

It  was  formerly  the  practice  to  use  only  half  the  quantity  of  sulphuric  arid  indieaked 
by  the  above  prooortion :  and  in  fact  when  1  at.  sulphuric  add  is  heated  with  2  at. 
saltpetre,  the  whole  of  the  nitric  acid  is  ultimately  given  off;  for  the  deeompurition 
begins  in  the  manner  above  indicated,  the  oil  of  vitriol  acting  upon  half  the  qiunititT 
of  saltpetre  pceaent,  to  that  1  at.  nitric  acid  is  dismgaged,  and  a  mixture  d  mtrat^  fiS 
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acid  nlphate  of  potamtiD  NOiailit  Mund     This  first  stago  of  the  reaction  tak»a 
pU«  at.  a  moderate  heat;  bot  ttfterww^,  oa  the  coiit«nt^  of  thn  retort  attain  a  higher 
tempentmv,  tho  acid  lulpltatd  mad  nitrate  act  itpen  on«^  another,  according  to  the  fol- 
lowing ec^uatioD,  yieldini;  nitrte  acid  and  Deniral  imlphate  of  potassium  ; 
KHSO*  +   KKO»     -     HNO*   +   K\SO». 

But  th«8e  propoitioB9  are  not  advant^ig^oos,  at  least  when  ft  colonrlefifi add  is  required; 
for  at  tho  high  degree  of  beat  attftlxuid  in  the  latter  ilage  of  the  process,  a  great  portiOD 
of  the  nitric  acid  in  reaolred  into  oxygen  and  nitric  pjroxide,  which  being  abaorbed  by 
the  iicld  fint  distilled  over,  eonTert»  it  into  red  fuming  nitric  acid. 

2,  From  commercial  Nitratt  cf  tod  turn  or  Chile  aalipfirt, — This  i»alt«  on  acoount  of 
ita  lower  price,  is  now  generally  used  for  the  preparation  of  nitric  add  on  the  large 
«ei3e.  Tne  diatillation  ie  couducled  as  above,  excepting  tliat  1  molecule  (98  pUL\  ot 
«ll  of  Tttriol  ia  aufficient  lor  the  decompoaition  of  2  moJoculea  (170  pta.)  of  the  nitre 
(or  6S  to  100),  because  the  inaction  taken  place  at  a  lowtr  temperature  than  ¥rith  nitrate 
of  potasnum,  lo  that  the  heat  never  riaea  high  enough  to  deoompo^e  much  of  the  nitric 
ado,  and  the  add  collected  in  the  receiTers  haa  only  a  pale  yellow  colour.  If  2  at. 
sulphuric  acid  are  used  to  2  at.  nitrate  of  sodium,  the  acid  must  be  diluted  with  one^ 
fborth  itH  weight  of  wtitt'r  to  prerent  tbemaat  fe>m  boiling  over.  The  beat  proportions 
are  100  pts.  nitnite  of  sodium,  116  7  pta.  of  oil  of  vitriol  and  30  pta,  of  wattr;  for  the 
acid  sulphate  of  aodiom  retains  not  only  1  aL  water,  like  the  potassium-sjiit,  but  3  nt., 
whieh  it  tenda  to  seponte  Irom  the  nitric  acid,  so  thiit  unless  water  \b  added,  the  nuwa 
becomes  lolid,  and  the  add  is  partly  resolved  into  nitric  peroxide  and  oxygen  gas* 
(Wittstein,  Report  Pharm.  Ixiv.  2d90 

Both  potash-  and  aoda-nitre  genefally  contain  chloride  of  potaasium  orsodium^  which 
at  the  commencement  of  the  process  gives  rise  to  the  evolution  of  a  yoUowish-red  mixture 
of  pemitric  oxide  vapour  and  clilurinf  gns«  As  however  the  whole  of  the  chlorine  paseea 
over  at  the  beginning  of  tb«  distillation,  an  acid  la  at  l<^ngth  obtained  perTectly  frr« 
from  chlorine ;  thia  pure  add  amounts  to  one-half  or  two-thirds  of  the  whole.  It  is 
well  to  change  the  recdvfff  ai  soon  as  the  add  drops,  which  fall  from  the  neck  of  the 
rt'tort,  produce  but  a  slight  turbidity  in  a  solution  uf  nitrate  of  silver,  and  again,  when 
they  cease  to  cause  any  turbidity  whatever.  If  the  saltpetre  be  purified  by  repeated 
crystallisation  from  every  tnco  of  chloride,  it  yields  a  perfectly  pure  acid  from  tho 
mmioeocement. 

The  ordinaty  add  may  be  purified  by  distillation  with  a  smnll  quantity  of  saltpetre 
— the  mootTer  being  changed  in  the  course  of  tho  process.  Add  containing  chlorine 
passes  over  first,  and  afterwards  pure  nitric  add. 

In  order  to  obtain  an  acid  as  concentrated  and  aa  freo  ta  poflsihle  ham  chlorine  nnd 
nitrii!  peroxide,  Millon  dii*tilsit  till  a  third  part  has  paasedoTer.  and  then  distils  tho 
rest  with  an  equal  meiasare  of  oil  of  vitriol,  tJic  receiver  being  changed.  The  latter 
distillate  he  purifiea,  by  a  second  distillatioo,  from  the  sulphuric  add  which  comes  over; 
heats  the  distillate  to  the  boiling  point  in  the  l>:>ttle  in  which  he  intends  to  preserve  it; 
and  paasne  a  continuous  cnrrpnt  of  carbonic  anhydride  through  it,  till  the  add  becomes 
cold.  Should  the  specific  gravity  of  the  acid  exceed  1  "6,  the  heating  and  current  of 
carbonic  anhydride  must  be  repeated  once  or  twice,  to  remove  the  whole  of  the  nitric  per- 
oxide In  this  manner,  a  transparent  and  colourless  add  may  bo  obtained  of  spodfio 
gravity  1*52  h 

Nitric  add  prepared  from  Chile  saltpetre  often  contains  iodine.  Such  acid,  when 
diKtiUed  with  sulphuric  add,  yields  a  sublimate  of  iodine  after  all  the  nitric  add  has 
passed  over.  The  iodine  (whieh  is  in  the  form  of  iodic  acid)  may  also  be  detected  by 
reducing  it  with  sulphvdric  acid  or  hyposulphite  of  Rodium  and  then  testing  with  starch. 

Non-volatile  impurities,  chit^fiy  potassinm  or  §r>dium  salt:^,  are  occasionally  present 
in  the  add,  having  been  csuried  over  by  too  mpid  diiKtillation. 

On  the  laige  scale^  the  potash  or  soda  nitre  is  distilled  in  horizontal  cast-iron  cjlinrkrs, 
or  similar  veaatl%  and  the  add  ia  condensat!  in  a  series  of  stone^ware  Woulfle's  buttles, 
into  the  last  of  which  a  certain  quantity  of  water  is  poured,  to  effect  complete  condeu^ 
Hittion.  Formerly,  caldned  green  vitriol  or  moistened  clay  was  substituted  for  i!)ul|]lmric 
a^^'id  in  this  procesis  ;  the  greater  part  of  tbe  add  then  dtatilled  over  as  pemitric  oxide, 
which,  when  condensed  by  the  water,  yielded  aqnafor(u  (ScftciMitasstr). 

In  some  Frendi  manufactories,  the  genemting  vessel  is  connected  with  a  double 
series  of  condensers  by  moans  of  a  T-shapcd  tube  fitted  with  a  three-way  cock,  so  that 
the  scid  vapours  miiy  be  made  to  pass  into  either  set  of  conden&*>rs  nt  pleasure,  and 
shut  off"  from  the  other.  In  this  way  tho  pure  colourless  acid  which  distils  over  towards 
the  middle  of  tht^  process  may  at  once  be  separated  £rom  the  coloured  arid  uhieh  xb 
given  off  at  the  beginning  and  the  end.  For  full  details  respecting  this  and  oth<^r 
fMent  improvements  in  the  methods  of  distillation  and  condensation,  see  Richardson 
and  Watt^"*  Chnnical  Ttcknolog^^  voL  i,  pt.  4,  pp.  ZZl-^h^, 

The  following  methods  of  preparation  described  by  Kuhlmann  (Rep.  Chim.  app. 
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1862,  p.  337 ;  Warner's  Jahresbericht,  1862,  p.  239)  may  perhaps  be  advantageously 
adopted  under  particular  circumstances. 

a.  By  heating  chloride  of  manganese  with  nitrate  of  sodium,  whereby  a  large  quantity 
of  nitrous  fumes  are  (riven  off,  and  an  oxide  of  manganese  is  formed  which  may  senro 
for  the  evolution  of  chlorine : 

6MnCl  +   6NaN0»     -     3Mn03In«O   +  SNaCi  +  6N0»  +   O. 

The  mixture  of  nitric  peroxide  and  oxygen  coming  in  contact  with  the  water  of  the 
condenser  is  converted  into  nitric  add,  the  excess  of  nitric  peroxide  being  resolved  at 
the  same  time  into  nitric  acid  and  nitric  oxide. 

b.  By  the  action  of  certain  sulphates  on  the  nitrates  of  potassium  and  sodium.  Sul- 
phate of  manganese  acts  in  a  similar  manner  to  the  chloride ;  the  sulphates  of  liiifl^ 
magnesium  and  calcium  also  decompose  alkaline  nitrates  when  heated  with  them. 

c.  By  the  action  of  certain  metallic  oxides,  alumina,  and  silica  on  nitrates.  Wohler 
has  shown  that  when  a  mixture  of  peroxide  of  manganese  and  nitrate  of  sodium  is  mode- 
rately heated  in  a  close  vessel,  caustic  soda  is  formed,  but  no  salt  of  manganie  acid,  and 
large  quantities  of  nitrous  vapours  are  given  off,  which  may  be  condensed  in  water  aa 
above. 

d.  Euhlmann  (Compt.  rend.  xlvi.  464,  675)  recommends  the  preparation  of  w«ak 
nitric  add,  without  distillation,  by  decomposing  a  strong  solution  of  nitrate  of  barium 
(obtained  by  decomposing  nitrate  of  sodium  with  chloride  of  barium)  with  an  eqniva- 
lent  quantity  of  sulphuric  add.  The  aqueous  nitric  acid  decanted  from  the  predpttated 
sulphate  of  barium  has  a  strength  of  10^ or  ll^Baum^  (spedfic  ^vity  1*075^1  "OSSX 
and  may  be  concentrated  by  boiling  to  26°  Banm^  (specific  gravity  1'210\ 

Preparation  of  Fuming  Nitric  Acid, — ^This  red  niming  liquid,  whica  consists  of 
strong  nitric  add  holding  in  solution  a  considerable  quantity  of  pemitrie  oxide,  and  is 
a  much  more  powerfol  oxidising  agent  than  the  strong  colourless  add,  is  usually  prepared 
by  distilling  2  at.  saltpetre  with  1  at.  of  sulphuric  add,  so  as  to  obtain  a  residue  of  neutral 
sulphate  of  potassium  (p.  79),  a  consideraole  portion  of  the  evolved  nitric  add  being 
then  decomposed  by  the  high  degree  of  heat  to  which  the  materials  are  raised  towards 
the  end  of  the  process.  It  may,  however,  be  more  easily  obtained  by  using  the  ordi- 
nary proportions  of  the  ingredients  ^1  at  nitrate  to  1  at  sulphuric  add),  and  addii^ 
a  substance  capable  of  redudng  the  mtric  acid  to  the  state  of  nitrous  add  or  nitric 
peroxide :  the  red  add  is  then  obtained  from  the  veiy  beginning  of  the  procea^ 
Sulphur  may  be  used  for  this  purpose,  but  a  small  portion  of  the  sulphuric  add  formed 
by  its  oxidation  generally  pisses  over  with  the  nitric  add,  and  must  afterwards  be 
removed  by  rectification.    The  following  is  a  better  method : — 

100  pts.  of  saltpetre  are  triturated  with  3|  pts.  of  starch,  and  the  mixture  is  intzo* 
ducedinto  a  retort^  and  covered  with  100  pts.  of  sulphuric  add  of  spedfic  gravity  1'86. 
The  beak  of  the  retort  is  inserted,  without  luting,  into  a  fflass  tube  3  or  4  feet  long^  tlia 
farther  end  of  which  passes  into  an  ordinary  tubulated  reodver,  which  is  kept  veiy 
cooL  The  distillation  begins  without  extemiu  application  of  heat,  requiring  only  veiy 
gentle  warmine  towards  the  end ;  100  pts.  of  saltpetre  yield  by  this  process  about  60 
pts.  of  deep  r^l  fuming  nitric  add.  It  is  best  to  ful  the  retort  only  to  about  one-third. 
(Brunner,  B^p.  Chim.  app.  iii.  188.) 

Properties. — ^Pure  nitric  acid  is  a  colourless,  transparent,  mobile  liquid,  of  spedfie 
gravi^  1*52.  It  melts  at  -  66"^  into  a  buttery  mass.  It  boils  at  86°,  with  perhal  de- 
composition, leaving  a  weaker  acid  behind.  Its  vapour-density  is  2*258  at  6S'69;  2*873 
at  40-6<»  (Playfair  and  Wanklyn,  Chem.  Soc.  J.  xv.  156) :  calc.  (2  voL)  -  2-188. 
It  exerts  a  highly  corrosive  action  on  organic  bodies,  and  even  when  somewlmt  dihited, 
stains  the  nitrogenous  tissues  of  a  bright  orange  colour.  In  the  presence  of  moiat  air, 
nitric  add  gives  off  opaque  white  vapours  havine  a  characteristic  odour  and  soor  taste. 
It  absorbs  water  from  the  air,  but  with  less  avidity  than  sulphuric  add.  Ita  admiztme 
with  water  is  accompanied  by  a  sendble  development  of  heat,  and  fonnation  of  a 
definite  sesqui-hydrate,  2HNO'.3H'0,  which  is  a  colourless  strongly  add  liquid  having 
a  specific  gravity  of  1*42,  containing  60  per  cent,  of  nitric  anhydride  or  70  per  eent. 
HNO*,  and  boiling  according  to  Millon  at  123^,  under  the  ordinary  atmospheric  pies- 
sure.  Weaker  and  stronger  adds  are  alike  reduced  to  this  state  of  hydration  hf 
boiling,  the  weaker  adds  lodng  water  and  the  stronger  adds  the  dements  of  nitne 
anhydride.  According  to  Roscoe,  however  (Chem.  Soc  Qu.  J.  xiii.  150)^  aqueous 
nitric  add,  which  boils  constantly  under  the  ordinaiy  pressure,  contains  68  per  cent 
HNO',  which  cannot  be  represented  by  any  simple  atomic  proportion ;  moreover,  as 
with  hydrochloric  acid  (i.  892)  and  other  adds,  the  composition  of  nitric  add  of 
constant  boiling-point  varies  with  the  pressure  under  which  the  ebullition  takes  plies. 
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the  $irmgik  itf  Aqwttm^  ^Itrie  aeld  afitttrdino  t'*  iU  BprHJic  Gramijf  at 
15  6^C,  <w0(r=>F.  (Ure). 


Spwrlllc 

K'O*  In 
tOQ  i^t*.  (if 

f,p*ci6c 

100|Ht.hj 

Specific 
gf*vity. 

WBlghL 

1*6000 

79-700 

1*4189 

59775 

1*2047 

39*850 

1-U03 

19-925 

1-4980 

78903 

1*4147 

58-978 

12887 

39*053 

1-1345 

19-128 

149ft0 

78*106    ' 

1-4107 

58*181 

1*2820    1 

38  256 

1-1286 

18-331 

1"4940 

77  309    I 

1-4005 

57-384 

1*2765 

37  459    1 

1-1227 

17-534 

1-4910 

70*612 

1-4023 

46-587 

1*2705    [ 

366G2 

1  1168 

16737 

1-4880 

75715 

1-3978 

55700 

1*2644 

35  865 

11109 

16-940 

14850 

74-918 

13945 

54  993 

1*2583 

35-008 

11061 

16-143 

1*4820 

74121 

1-3882 

64  196 

1-2523 

34  271 

1-0993 

14  346 

1-4790    1 

73324 

13833 

53*399 

1-2462 

33474 

1-0935 

13-649 

1-4  "6(1 

72-627 

1-3783 

52  602 

1-2402 

32677 

1-0878 

12-752 

1-4730 

71730 

1*3732 

61-806 

12341 

31880 

10821 

11-965 

I  •1700 

7*^'9H3    1 

1*3681 

61068 

1*2277 

31-083 

10764 

1M58 

1-4670 

70136 

1-3630 

60  211 

1*2212 

30-286 

10708 

10-361    1 

MC40 

00  339 

1-3579 

49-414 

1-2148 

29489 

10051 

9564 

1-4600 

08-542 

135'J9 

48*617 

1-2084 

28*692 

10596 

8767 

1-4570 

07-745 

13477 

47-820 

1*2019 

27-896 

l'f»540 

7-970 

1-4530 

00  948 

1  3427 

47-023 

1  1958 

27-098 

1*0485 

7-173 

1  450J 

66  155    1 

13370 

46-226 

1  1896 

26  301 

1-0430 

6-376 

1*4160 

65-354    1 

1*3323 

45-429 

1  1833 

25*504 

1-0375 

5-679 

V4  42i 

61*557    1 

13270 

44632 

1*1770 

24*707 

1-0320 

4782 

1*4385 

63-700 

V32lfl 

43-835 

1*1709 

23*900    i 

10267 

8*986 

1*4346 

62963 

1*3163 

43038 

1  1648 

23*113 

1-0212 

3188 

1-4  306 

62*166 

1-3110 

42211 

1*1687 

2?'316 

1-0159 

2-391 

1-4269 

61-369 

1-3056 

414U 

1-15-26    1 

21*519 

1-0106 

1594 

14228 

60572 

1*3001 

40-647 

1-1466 

20-722 

1-0063 

0797 

TliP  naiul)er«  in  this  table  wero  obtainod  by  mixing  known  ▼elghtii  of  water  and 
nitric  acid  of  specific  g^vily  1*600,  which  was  regarded  bj  Ur«  aa  the  strongest  odd 
coiTMi ponding  to  the  formaU  H*0,N*0*j  bnt  as  the  true  ffpociilc  gmTitj  of  this  ncid  is 
1-52,  the  nnmb^rB  probablj  require'  9ome  correction. 

RtactumM. — Nitric  acid,  espwsiallj  when  heated,  is  a  most  pow<*rful  oxidising  n^nf^ 
and  acta  more  or  less  violently  on  all  the  solid  noQ'mi?tailic  elements,  converting 
todinfy  BiUphuTt  Mfleniumf  tellurium,  phosphorus,  arsmie^  boron^  carbon y  and  mlicon^  into 
itjdic,  emlphuric,  selenioua,  tellurous,  phosphoric,  arsenic,  borif,  carbonic^  and  fltlicic 
ucidii  respectirely  ;  also  upon  all  metals  excepting  tantalum,  titanium,  gold,  platincim, 
»nd  some  of  its  eongeii«n«  Moflt  metals  are  converted  bj  it  into  nitrates,  but  tift,  an- 
tiiHimtfy  and  tungHcn,  when  heated  with  the  moderately  strong  acid,  are  oxidised  into 
the  insoluble  stannic,  antimonic,  and  tungntic  anhydrides.  The  degree  of  reduction 
which  the  nitric  acid  sustains  in  these  reactions  varies  according  to  the  substance  acted 
upcm,  and  according  to  the  strength  and  tpmpeniture  of  the  acid.  In  mo«*t  cases,  nitric 
oxide  is  set  fir«e,  and  forms  fed  fumes  of  nitrii?  peroxide  on  coming  in  contact  with  the 
»ir :  hence  nitric  acid  may  generally  be  recognised  by  the  red  fumr-s  which  it  «-volvea 
on  coming  in  contact  with  metals  or  other  oxidnble  bodies.  The  reaction  wiih 
ct>pper  already  described  (p.  68),  may  be  regarded  as  typical  of  the  ordinary 
nction  of  nitne  add  on  metals.  In  aomti  cases,  however,  otlier  oxides  of  nitrogen  are 
evolved.  Finely  divided  charcoal^  drenched  with  strong  nitric  acid,  at  a  tempera* 
ture  below  0°,  is  not  oxidised,  but  decomposes  the  nitric  acid«  with  evolution  of 
nitric  peroxide  and  free  oxygen  (Schonbein).  Sili\r  and  paJiadium  dissolved  in 
nitric  acid  without  heat,  liberating  nitrous  anhydride,  or  nifrons  acid,  which  remains 
in  isolation,  so  that  the  reaction  takea  place  without  evolution  of  gas.  Nitrous  an- 
hydride is  also  produced  when  arstniout  ank^dndt  is  dissolred  tn  nitric  acii  Zine^ 
tin,  and  iron  dissolve  in  the  cold  dilute  acid,  with  production  of  nitrous  oxide,  N'O; 
but  if  a  stronger  acid  is  u»»*d,  or  the  temperature  rises,  nitric  oxide  is  evolved.  Fr«e 
nitrogen  al^^o  occurs  among  the  products  of  the  violent  action  of  nitric  acid  on  several 
of  the  mrhiU,  Thus,  when  copp^  i«  dissolved  in  modenittily  strong  nitric  acid,  at  an 
increased  tem(»er>iture,  the  evolved  nitric  oxide  gas  is  contaminated  with  nitrogen  ; 
wherea\  when  it  is  dissolved  in  weak  acid,  at  a  low  lemperatnre,  the  gas  is  contami- 
nated with  nitrnui  oxide.     Nitrogen  is  also  set  free  when  strong  nitric  acid  is  decom- 
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posed  by  red-hot  charcoal.    The  action  on  sine,  tin,  iron,  and  ferend  oUier 
attended  with  formation  of  ammonia ;  thus : 

9HN0»  +   4Zzn     -     iZznTTO*  +  8HK)  +  H*N. 

Nitric  add  converts  arseniies  into  arsenates,  ferrous  into  ferric,  and  ttaimota  nto 
stannic  salts.  In  the  concentrated  state,  it  rapidly  oxidises  9ulfkurou$  into  ffoUnBis 
acid,  and  sulphydric  acid  into  water  and  imre  sulphur;  but  witn  weak  nitrio  maa,  free 
from  nitrous  acid,  this  action  is  very  ^[raaual ;  inaeed,  pure  nitric  add  is  altog«tlMr  a 
less  powerful  oxidiser  than  that  which  contains  nitrous  add  or  nitrio  perande  in 
solution. 

Htfdriodic  add  and  the  iodides  are  decomposed  by  nitric  add,  with  libezatioii  of 
iodine  and  nitric  oxide : 

3HI  +  HNO«     -     2H«0  +  P  +  NO. 

ffvdrochhric  and  nitrio  adds,  heated  together,  decompose  one  another,  yieldiiig 
dichloride  of  nitrosyl,  water,  and  free  chlorine : 

3Ha  +  HNO«     -    N0C1«  +  2H«0  +  CL 

Nitric  add  acts  with  great  energy  on  most  organic  bodies,  the  kind  of  action  Tuying 
according  to  the  strength  of  the  acid  and  the  temperature.  Dilute  or  moderately  stvooff 
nitric  add  generally  exerts  an  oxidising  action,  espedally  if  the  temperatore  is  allowea 
to  rise,  the  final  products  being  in  most  cases  oxalic,  formic,  and  acetic  acids,  or  if  the 
action  be  pushed  to  the  utmost,  carbonic  anhydride  and  water :  picric  add  is  also  a 
frequent  ultimate  product ;  rednous  bodies  are  frequently  converted  by  nitrio  add  into 
sucdnic  acid.  The  intermediate  products  are  very  numerous,  varying  according  to  the 
substance  acted  upon:  indiffo  C*H*NO,  jielda  isatin  C*H*NO*;  sugar  yields  sae^arie 
add ;  gum  and  milk-sugar  yield  mudc  add :  oleic  add  vidds  a  number  of  adds  of  the 
series  C-H*K)»,  andO^-«0*(see  Gmelin's  Handbook,  vii.  122).  The  strongest  pnronitrie 
add,  espedally  if  rise  of  temperature  be  prevented,  acts  for  the  most  part  in  a  diffinenfc 
way,  displacing  one  or  two  atoms  of  hydro|[en  in  the  compound,  and  intiodndi^  an 
equal  number  of  atoms  of  nitrrl,  NO',  in  their  place :  thus  with  benzene,  CH',  it  fonns 
nitrobensene,  C«H*(NO<);  with  phenol,  C«HH) ;  nitrophenol,  C«]^NO*)0,  dinitxo- 
phenol,  C«H*(NO«)«0,  and  trinitrophenol  or  picric  add,  C«H»(NO*)«0 ;  witheeOmUm, 
C^'»0»,  It  forms  trinitro-cellulose,  C«H'(NO«)«0,  &c. 

The  industrial  uses  of  nitric  acid  depend  upon  both  these  modes  of  action.  It  is  the 
most  frequent  solvent  of  metals,  and  is  used  by  engravers  for  etching  designs  on  eopper- 
plates ;  also  for  etching  on  steel  and  stone.  The  deandng  of  copper  and  bronze,  tiie 
refining  and  assaying  of  gold  and  silver,  the  preparation  of  the  nitrates  of  copper,  aiher, 
and  mercury,  and  numerous  analytical  operations  connected  with  maaufkctuxes,  depoid 
also  upon  the  oxididng  and  solvent  action  of  nitric  add.  A  mixture  of  nitrie  and 
hvdrochloric  adds  forms  aqua  reaia  or  niiro-murioHc  acid,  used  for  dissolving  gold, 
platinum,  and  other  metals,  and  alloys  not  attacked  by  nitric  add  alone.  Tlie  prna* 
ration  of  oxalic  acid  and  of  picric  add,  now  extensively  used  as  a  yellow  dye  fbr  J^ 
likewise  depends  upon  the  oxidising  action  of  nitric  add.  This  List  subetanee  ia  how- 
ever likewise  formed,  as  above  mentioned,  by  the  action  of  very  strong  nitrie  add  on 
phenol  or  carbolic  add,  which  is  an  action  of  substitution.  The  preparation  of  nitm- 
bensene  for  the  manufkcture  of  aniline,  and  that  of  gun-cotton,  are  alao  indiurtriil 
applications  of  nitric  add  of  daily  increasing  importance. 

Mttrataa.  The  normal  nitrates  are  monometallic,  e.g.  nitrate  of  potaannm  KMO*, 
nitrate  of  copper  Cu'T^H)*,  nitrate  of  bismuth  Bi^lTK)*,  the  general  fbrmola  beii^ 
R(n)N"0*  or  R(n)0".nNH>*,  the  symbol  R(n)  denoting  an  n-atomie  radide.  Th«e 
are  also  bade  nitrates,  most  of  which  are  derivable  from  the  normal  nitxatea  by 
addition  of  1  or  2  molecules  of  oxide,  and  may  be  represented  by  the  ireneral  fnmnm 
K(.,«N-0-;  f.y. 

Basic  nitrate  of  Mercurosum        .        .        Hlig'HNO*  -*  HhgNO'.HhgHO 

Basic  nitrate  of  Mercuricum        ,  riiigT^W    « Hhg*N*0«.2Hhg"0 

Bade  nitrates  of  Lead         .        .        .       }^^^      -  Pbl^WUPb-O 

<PMH«N«0»  «  Pb'TTW.Pb-HW 

Bade  nitrate  of  Bismuth      .        .        .       r^'vT^"!    -  Bi^TTO^ffiK)*. 

'orl^OM 

These  bade  nitrates  might  be  called  orthonitrates,  being  related  to  the  nemtl 
nitrates  in  the  same  manner  as  the  orthophosphates,  R(b)P^^,  to  the  metapbo^hatM^ 
B(n)IM)**;  they  are,  however,  the  exceptional  salts,  whereas  amongst  Um  nlta  of 
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MuMfthorie  icid,  the  ortbopboiphtUi  are  tbo  ocdioBrj,  an«]  the  tnetupliospfaaUs  the 
BubeeptioDAl  ialU. 

r  Cieurrtnee  and  formation  o/Niirvtt$. — SeTenl  mtrat<c8  occur  in  nature.  Kitrat^  of 
riodiciBi,  or  eiibk  nitre,  exista  in  distinet  kjen  or  beds  b^^neath  the  superficial  soil  in 
^any  piLrts  of  Chile  and  P«nL  Nitrate  of  potaaainm,  or  priFnutic  nitre^  occure  as  on 
uafflorcvceDce  on  the  surface  of  the  aoil  in  Tarious  f^Tta  of  India,  eepednlly  in  the 
ildistrict  of  Tirrhftt  in  Bengat  Nitrate  of  caldnm  ut  produced  arttficiaUj  in  sevend 
eonntries  of  Etmipe  bj  mixing  decomposing  Tegetable  and  animal  matters  with  dnders^ 
chalk,  marl,  &&,  moistening  the  maHsee  repeatedly  with  unnf,  f^xpoeing  them  f^t^ely 
to  the  air  far  two  or  three  ye&rs,  and  lixiriating.  A  similar  formation  of  nitrates 
oocurs  in  the  ao-ealled  saltpetre  rot^  or  cffloreAcence  which  someLimes  occurs  upon  the 
old  waUs  of  stables  and  other  badly  drained  bTiildinga.  Nitrates  are  formed  wherorer 
nitrogenised  organic  matters  in  contact  with  earthy  carbonates  or  other  bases  are  freely 
^_._  J  — ^Q  1  ^^  ^^  Lamps  of  chalk  moistened  with  weak  ammonia  and  exposed  fo 
lare  been  found  to  yield  nitrate  of  calciam  ;  but  it  is  doubtlhl  whether  the 
production  of  ammonia  is  a  neoeasazy  stage  in  the  process  of  nitrification.  The 
ahallow  weU-watera  of  towns  nearly  always  contain  nitratea,  from  contamination  with 
aewer  or  oeasDool  dnunaffCp  dec  Bat  manv  natural  waters  obtained  from  atrata  con* 
taininff  ttrj  little  otsaoic  matter  have  also  l^een  found  to  contain  nitratea.  Hence 
it  haa  Deen  infened  wai  theee  salts  might  be  produced  dirrictly  from  the  fr<>e  nitrogen 
and  oxygen  naes  dissolved  in  the  water,  the  porous  beds  through  which  it  filters 
•erring  to  effect  the  combination  by  an  ac^n  leeembUn^  that  of  spongy  platinum.  It 
must  be  borne  in  mind,  however,  that  rain-water  always  contains  carbonate  and  nitrate 
of  ammoniom,  and  that  these  ammoniacal  salta  may  be  the  real  sources  of  the  nit  rates 
found  in  the  waters.  Nitrates  are  Ibund  in  the  juices  of  plimts,  particularly  in  thoee 
with  large  fleshy  tuberose  roots,  and  are  ptobably  acquired  from  the  soil  by  direfll 
imbibition. 

The  nitzates  of  potaaiinm  and  aodiam  arc  obtained  in  a  state  of  purity  by  frequently 
ZMiTatallistng  the  natire  salts.  Kitnite  of  potassium  is  alao  obtained  by  aeoomposing 
emde  nttzate  of  calcium  with  wood-ashes,  and  by  decomposing  nitrate  of  sodium  with 
chloride  of  pota—intn  The  other  metallic  nitimtei  are  prepared  by  dissolring  different 
metals,  their  hydrate^  oude%  or  carbonatea  in  aqueous  nitric  acid,  and  crystallising  by 
erapofmtion, 

Propertu^. — Moet  nitrates  are  crystalline  salts.  The  normal  nitrates  are  all  soluble 
in  water;  their  solutions  are  for  the  moet  part  nentral,  and  hare  a  cooling  saline  taste. 
The  cr}-staUiaed  nitrates  of  ammonium,  potassium,  sodium^  bariam,  stronliora,  lead,  and 
eilTer  are  anhydrous ;  that  of  mercurosnm  is  monohydrated,  Hhg'NO'.H^O ;  thoee  of 
cadmium,  calcium,  and  probably  strontium  are  t«trahydiHted,  e.y.  Cca"N'0'',4H*Q; 
and  thoee  of  magneeium,  zinc,  cobalt,  nickel,  iron,  manganese,  copper,  and  uruujl,  bex- 
hrdnted,  e,g,  CcttTC*0*.6H*0.  CJbpper  also  forms  a  trihydrated  salt,  Cca'N  OVSH'O. 
Most  nitrates  fuae  readilv,  and  all  decompose  when  strongly  heated.  The  nitrates  of 
the  highly  baaylous  metalB  at  first  give  off  nearly  pnre  oxygen,  and  are  conrerted  into 
nitritee,  afterwards  a  mixture  of  oxygen  and  nitrogen  gases^  together  with  some 
aitric  peroxide.  Other  nitrates,  which  decompose  at  a  lower  temperature,  those  of 
mercury,  lead,  and  silrer,  for  instance,  erolre  a  mixture  of  nitric  peroxide  and  oxygen. 
L^  few  vtiU  more  easily  deeomposible  hydrated  salts,  the  trioitrdte«  of  aluminium  and 
iittsntlUi,  for  itwtanoe,  ctoIto  unaltered  nitric  acid.  Ij[^ite<i  nitrate  of  itilver  leaves  a 
of  metalHc  silver;  but  most  normai  nitrnti^  when  strongly  heat«^d,  leave  residues 
oxide  aaakaotia  in  composition  to  original  m\t;  thus  cupric  nitrate,  Cu"N*0*, 
kVea  euprie  oxide,  Cn"0;  tri-nitraie  of  bismuth,  Bi"'N*0*.  leaves  trioxide  of  bismuth, 
r*0';  ferrous  and  manganotts  nitrrUea,  however,  leave  oxides  richer  in  oxygen  tlian 
tboie  which  correspond  to  the  origtmU  salts,  vis.  Ffe'O*  and  MranH>*.  Nitrates  heated 
iritll  eooibusttble  bodies  produce  a  more  or  less  violent  deflagration  or  explosion.  The 
feid-lDtatiig  bodies,  metalUo  or  noD>metallic,  when  defiagrated  with  nitre,  leave 
|iolAi*ium-  or  sodi tun-salts  of  their  respeettre  acids ;  f.ff.  selenium  ignited  with  nitrate 
M  potai«ium  forms  seleoate  of  potaaaium,  K*SeO* ;  manganese  yu^da  manganate  of 
potaaaiiim,  K^Mmn'^O^ 

Reoctioni  strviftp/or  tht  dtUvtion  of  Hiirit  acid. — ^1.  All  nitrates  are  decomposed  by 
suiphuHc  acid,  with  liberation  of  nitric  acid,  the  fumes  of  which  produce  a  purple  dis- 
coloration oo  siarch^papfT  moistened  with  iodide  of  potassium. — 2.  In  contact  with 
jnet^c  ooy;per(wire  or  turnings)  th^  nitric  acid  is  reduced  to  nitric  oxide,  which  forms 
e-eolonred  fumes  in  the  vessel  above  the  liquid,— 3.  Sulphuric  acid  to  which  a 
ent  or  solution  of  n  nitrate  is  added,  acquires  the  proi>erty  of  bleaching  indiqo, — 
li.  When  a  solution  of  a  nitrate  is  mixed  in  a  test-tube  with  strong  sulphuric  acid,  the 
taixture  left  to  oool,  and  a  strong  solution  of  ferrou*  iuiphate  or  chlorid*  continually 
tooured  upon  it,  so  aa  to  float  on  the  surface,  the  iron  solution  quickly  acqairea  a  dark- 
orown  colour  anaing  fi^om  the  formation  of  the  compound  of  nitric  oxide  with  the 
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ferrous  salt  already  mentioned  (p.  69).  If  only  a  very  small  quantity  of  nitrate  it 
present,  a  rose-coloured,  purplish-brown,  or  dark  brown  ring  is  formed  at  the  surface 
of  contact  of  the  two  liquids.  This  reaction  is  extremely  delicate ;  in  applying  it, 
howerer,  care  must  be  t^en  to  cool  the  liquid  before  pouring  in  the  iron  solution, 
because  the  dark  brown  compound  is  decomposed  by  heat,  nitric  oxide  being  evolTed 
and  the  colour  destroyed.— 5.  When  a  solution  of  a  nitrate  is  mixed  with  a  few  dropa 
oi  ferrocyanide  of  potassium^  then  with  a  small  quantity  of  hydrochloric  acid,  the  liquid 
heated  to  71°,  and  slightly  supersaturated  on  cooling  with  an  alkaline  carbonate, 
a  nitruforricyanide  of  tdkidi-metal  (ii.  250)  is  formed,  and  the  filtered  liquid,  wheo 
mixed  with  a  few  drops  of  sulphide  of  ammonium  or  other  alkaline  sulphide,  exhibits  a 
transient  purple  or  violet  colour  (K  W.  Davy,  Chem.  Gaz.  1850,  p.  219). — 6.  Nitzatee 
heated  with  excess  of  hydrochloric  acid  give  off  chlorine,  which  may  be  recognised  by  its 
odour  and  its  bleaching  powers;  also  by  the  power  which  the  solution  aequires  of 
dissolving  gold  leaf. 

7.  When  nitrate  of  potassium  or  sodium  is  heated  with  einc^  water,  and  exoeas  of 
potash,  ammonia  is  evdved,  its  formation  arising  from  the  union  of  the  nitrogen  con- 
tained in  the  salt  with  the  hydrogen  evolved  by  the  action  of  the  zinc  on  the  potasb- 
eolution.  This  method  does  not,  however,  effect  a  complete  decomposition  of  the  nitrie 
acid;  and  if  applied  to  a  liquid  containing  only  small  (quantities  of  that  acid,  would 
not  ffive  certain  indications.  But  it  may  be  greatly  facihtated  and  rendered  complete, 
by  the  introduction  of  another  metal  not  acted  upon  by  the  potash,  so  as  to  form  a  vol- 
taic circuit.  Thus,  when  zinc  and  iron  are  placed  together  in  a  moderately  strong 
solution  of  caustic  potash,  hydrosen  is  freely  disengaged,  even  without  the  application 
of  heat,  the  zinc  being  oxidised  and  the  hydrogen  evolved  at  the  surfSsoe  of  the 
iron.  A  similar  effect  is  observed  if  platinum,  copper,  or  tin  be  substituted  for  the 
iron ;  but  with  these  metals  the  action  is  less  energetic.  The  addition  of  a  nitrnte 
to  the  liquid  is  followed  by  an  immediate  evolution  of  ammonia.  To  apply  this 
reaction  to  the  detection  of  nitric  acid,  the  liquid  to  be  examined  is  reduced 
to  a  small  bulk  and  poured  into  a  test-tube  containing  2  or  3  grammes  of  a  mixture 
of  granulated  zinc  and  clean  iron-filings.  A  smeol  quantity  (5  or  6  cub.  cent)  of 
strone  potash-solution  is  then  added,  and  the  whole  is  heated  to  boiling.  Ammonia 
may  then  be  detected  at  the  mouth  of  the  tube  by  its  usual  characters,  viz.  its  odour, 
its  alkaline  reaction,  and  the  formation  of  dense  white  flunes  when  a  rod  dipped  in 
dilute  hydrochloric  acid  is  held  near  the  mouth  of  the  tube ;  5  milligrammes  of  nitn* 
thus  treated  give  a  distinct  reaction  with  reddened  litmus.  The  delicacy  of  the  t«et 
may  be  greatly  increased  by  the  use  of  potassio-iodide  of  mercury  (the  solution  obtained 
by  adding  iodide  of  potassium  to  corrosive  sublimate  till  the  scarlet  precipitate  first 
formed  just  redissolves),  which  produces  a  red  or  brown  precipitate,  according  to  the 
quantity  of  ammonia  present.  The  mixture  should  be  ^entJy  heated,  and  the  evolved 
gases  passed  into  a  small  quantity  of  dilute  hydrochloric  acid.  The  acid  solution  is 
Uien  to  be  supersaturated  with  potash,  and  tested  with  a  drop  of  potassio-iodide  of 
mercury ;  0*001,  0*0005,  and  even  0*0001  gramme  of  saltpetre  thus  treated  gives  a 
distinct  red  coloration  (A.  Vernon  Harcourt,  Chem.  Soc.  J.  xv.  381V.  Scnalse 
(Chem.  Centralblatt,  No.  53)  proceeds  in  a  similar  manner,  but  uses  platinised  sine  in 
place  of  the  mixture  of  zinc  and  iron. 

This  method,  which  ma^  be  used  also  for  the  quantitative  estimation  of  nitric  add 
(p.  89),  serves  to  distinguish  that  acid  from  all  others  excepting  nitrous  add. 

8.  Strong  nitric  add  converts  phenol  (or  carbolic  add)  into  reddish-brown  mtro-phe- 
nol.  To  apply  this  reaction  to  the  detection  of  nitric  acid,  1  pt  of  phenol  is  dissolved 
in  4  pts.  of  strong  sulphuric  acid,  and  the  solution  is  diluted  with  2  pts.  of  water.  The 
substance  to  be  tested,  if  in  solution,  is  evaporated  on  a  porcelain  crudble  or  its  cover, 
and  a  drop  or  two  of  the  phenyl-Bulphiiric  add  is  allowed  to  fall  upon  it  at  a  tempera- 
ture of  about  100°.     If  nitric  acid  is  present,  a  reddish-brown  colour  is  immediately 

Eroduced.  This  test  is  said  to  bo  more  delicate  than  that  with  ferrous  sulphate^ 
aving  given  a  distinct  indication  of  the  presence  of  nitric  add  in  the  residue  of  a  drop 
of  water  not  containing  more  than  0*000006  gramme  of  saltpetre,  whereas  four  such 
drops  were  not  suffident  to  give  a  perceptible  indication  with  the  iron  test.  If  organic 
matters,  or  compounds  of  chlorine,  bromine,  or  iodine  are  likewise  present,  from  nHiieh 
sulphuric  add  would  separate  carbon  or  the  haloids,  it  is  best  to  aad  a  drop  or  two  of 
strong  ammonia  to  the  coloured  product,  wlien  the  haloids  will  be  dissolved  in  the  form 
of  colourless  salts,  and  the  carbon  will  remain  suspended  in  small  partides,  not  inter- 
fering with  the  reooguition  of  the  characteristic  yellow  colour  of  nitxophenylate  of 
ammonium.     (H.  Sprengel,  Chem.  Soc.  J.  xxi.  396.) 

All  the  reactions  above  described  are  exhibited  by  nitrous  as  well  as  by  nitrie  add, 
and  even  witli  p:reater  fadlity,  for  the  nitrites  are  more  easily  decomposible  than  the 
nitrates,  and  nitrous  acid,  though  it  contains  less  oxygen,  is  a  more  powerful  oxidieiif 
agent  than  nitric  acid.     The  nitrites  are  however  distinguished  from  nitrates  by  the 
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mirtions  Alr«»4dy  desmlwd  (p.  71).  According  to  D,  Price  (Chein,  Roo,  J.  iv.  251), 
nitric  acid  fr*^  from  nitrous  acid  does  not  decompose  iodide  of  potAitstum  or  piYHlucc*  n 
brown  coloration  with  frrron*  salt*,  or  decolorise  indigo,  these  effbcta  Wing  producrd 
ouly  itffer  a  pcfftion  of  tlw  nitric  acid  haa  be«*n  roducini  to  aitrou'*  hy  vanning  with 
vulphuric  acid.  The  reaetiona  with  indigo  and  hydrochloric  acid  (3  and  6)  are  likewira 
woducMl  bj  the  oxjgeo-aalta  of  chlorine^  bromine  and  iodine,  but  thesr  mklis  art^  tamly 
otstinguiihrtd  from  nitmtes  and  nitritc«  by  the  fiict  that  thf>y  letive  when  ignit<?d  u 
tvaiduc  of  chloride,  hmtnide,  or  iodide  of  ailver;  alao  by  their  reiiction  i*ith  nitrate  ut" 
•ilrer,  mnd  manj  othcra, 

Qttitntttative  Anaiyiit  of  Nitratrt,     Estimation  o/NUric  add, 

T.  GitAYiMXTBic  lormoDS.  1.  Bjf  neutralisation  with  Baryta. — The  quanfity  of  fr^e 
jiitrie  iicid  in  an  nqfteotiB  aolution  maybe  determined  by  .i^itntiii^  tlit^  liquid  urjth 
Garluoate  of  baritim  tilt  the  acid  ia  completely  neutnilised,  then  filt*:-ring«  evaporating 
to  diyiies^  taking  car«  not  to  heut  the  retsidtie  too  strongly,  and  weighing  the  dry 
ttitraUof  barium  thus  obtained.  100  parts  of  tbia  ialt  correspond  to  41  "39  parta 
N»0»,  and  4«*28  parts  WUH)*. 

Or,  the  solution  of  nitmt^  of  barium  may  be  decomposed  by  sidphnric  acid*  the  pre- 
cipitated sulphate  of  barium  weighed,  and  the  equiralent  quantity  of  nitric  acid 
t  hence  determined.  100  piute  W&O*  «>  46'3d  porta  liH)*,  and  54  08  parU 
HN=0«, 

If  tlie  aolntion  of  nitric  acid  is  very  dilute,  so  that  it  decomposea  carbonate  of 
barium  but  mIowIv,  it  ia  better  to  m<ntraLise  with  baryta-waten  then  pass  carbonic 
anhydride  through  the  liquid,  to  remove  any  exoees  of  baryta*  filter,  and  treat  the 
flUcrcHl  solution  of  nitrate  tif  barium  as  above. 

When  nitric  acid  is  combin'ni  with  a  base,  it  mn^  he  Hbrrated  bj  distilling  a 
aolution  of  the  salt  with  suiphuric  acid,  in  the  proportion  of  at  loaat  1  at  sulpliuric 
acid  (H'80*)  to  I  at  of  the  nitrate.  The  mixture,  which  should  be  mther  dilute,  ia 
dintillcd  from  a  tubulated  retort  into  a  receiver  prorided  with  efficient  means  of  con- 
drniAtion^  the  distilliition  beinc;  carried  nearly  to  dryness*  After  the  residne  hsA 
cooI^hI.  more  water  is  added,  and  the  di^tilLition  is  repeated  with  a  fresh  receiver. 
The  quantity  of  nitric  acid  in  the  united  distilhitea  is  then  determined  by  neuttAliaation 
with  baryta,  as  before.  With  the  projpaition  of  sulphuric  acid  above  indicated,  and  a 
eon^iderabl*^  quantity  of  water,  there  is  no  reason  to  fear  the  redaction  of  any  portion 
of  the  oitric  acid  to  a  lower  oxide  of  Ditrogeji. 

The  nsidue  in  the  retort  serrea  for  the  eeiimntion  of  the  base.  In  tbe  case  of  the 
Btronge^  bases,  tis.  the  alkalis  and  alkaline  earthSj  whose  snlphatea  can  snstain  a  red 
heat  without  decomposition,  this  meidue  mar  be  heated  till  all  the  excess  of  sul- 
pburic  acid  is  driven  off,  the  expulsion  of  the  fast  portions  Ixnng  facilitated  by  placing 
a  piece  of  carbonate  of  ammonia  in  the  crucible.  A  neotral  sulphate  then  remains,  from 
which  the  quantity  of  base  may  be  caJculatcd,  and  this,  deducted  from  the  total  weight 
of  the  anhydxous  nitrate,  gives  also  tlio  quantity  of  nitric  anhydride.  The  weaker 
baafs  whose  solphatcs  are  decomposed  by  ignition^  must  be  determined  by  precipitation 
in  the  manner  specially  adanted  to  each. 

The  following  methods  of  separating  nitric  acid  from  bases  may  also  be  adopted  in 
particular  cases* 

Nitrates  whose  bases  are  precipitated  by  baryta- water  and  are  insolnble  in  excess  of 
that  reagent,  may  be  analysed  by  boiling  them,  either  in  the  solid  state  or  in  solution, 
with  excess  of  banrta-wnter,  then  filtering,  removing  the  excess  of  baryts  by  carbonic 
anhydride,  and  detenniiung  the  quantity  of  nitrate  of  barium  in  the  filtrate  as 
nbore. 

Some  nitrates,  as  those  of  lend,  copper,  bismuth,  &c,,  may  be  decomposed  by 
milphydric  acid,  the  metal  bfing  precipitated  as  sulphide,  core  being  taken  to  dilute 
the  solution  and  not  to  use  a  liirge  excess  of  sulphydric  acid :  otherwise  sulphur  may 
be  precipitAtfd,  imd  part  of  tho  nitric  acid  converted  into  ammonia.  The  filtrate, 
contjuning  the  whole  of  the  nitric  and  a  small  quantity  of  sulphydric  acid,  is  mixed 
with  baryta-water ;  a  stream  of  carbonic  anhydride  is  then  passed  throngfa  it^  to  pre- 
cipitate the  exci^ss  of  baryta  and  expel  th^  sulphydric  acid ;  the  liquid  again  filtered ; 
and  the  filtered  solution  of  nitrate  of  barium  treated  a«  above. 

In  other  eii>»e8,  the  1mi»i»«  may  be  precipitated  by  an  alkaline  snlpbide,  best  with 
sulphide  of  barium.  The  liquid  filtered  fk>m  the  precipitated  metallic  sulphide  then 
contains  nitrate  of  barinm  and  excess  of  sulphide  of  bannm,  and  may  be  treated  in  the 
mnnner  just  described. 

From  nitrate  of  barinm»  the  ba^e  may  be  precipitated  by  sulphuric  acid ;  from  the 
nitrates  of  strontium  and  calcium,  by  sulphuric  acid  and  alcohol  The  filtrate  is 
Dcutruliscd  with  baryta'-water,  and  the  nitric  add  determined  as  above*  |  ^ 
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From  the  nitrates  of  ammonium,  potasftium,  aodiom,  lithiom,  and        _ 
the  acid  ia  most  easily  separated  by  distillation  with  sulphuric  add,  uTthtmdj 
described. 

2.  Bif  the  loss  of  weight  sustained  bv  Nitrates  on  ignition, — All  nitntes  are  d«eoi&- 
posed  by  heat^  the  nitrogen  being  whoUy,  the  oxygen  sometimes  par^y  and  sometiiiMg 
wholy  expelled,  and  the  base  remaining  either  as  an  oxide  or  as  msteL  SflTcr,  pal- 
ladium, and  other  noble  metals  are  left  in  the  metallic  state  when  their  nitrates  are 
heated  to  redness;  lend,  bismuth,  copper,  cadmium,  sine,  nickel,  magnenum  and  one  or 
two  of  the  rarer  metals,  remain  as  protoxides,  WO.  In  the  former  case,  if  the  ash  is 
anhydrous,  the  loss  of  weight  sustained  on  ignition  consists  of  NK)*,  in  the  latterof  K*0* ; 
but  in  many  cases,  as  with  the  proto-saits  of  iron,  cobalt,  and  manyneae,  the  resolt  is 
complicated  by  the  fonnation  of  an  oxide  of  higher  degree  of  oxidation  than  that  whidi 
may  be  suppoised  to  exist  in  the  original  salt  The  nitrates  of  the  alkali-metals  and 
alkaline>earth-metals  part  with  the  whole  of  their  nitric  anhydride  when  Tery  strong^ 
ignited,  leaving  the  bases  HfO  or  UTO ;  but  these  bases  can  aearoely  be  proyented 
from  absorbing  small  quantities  of  carbonic  acid  from  the  air  during  the  proceea,  or  as 
they  cool ;  moreover,  they  attack  all  vessels  in  which  the  i^tion  can  be  pexfionned, 
uniting  partly  with  their  substance ;  hence  the  amount  of  acid  in  these  nitn^  cannot 
be  conveniently  determined  by  ignition. 

According  to  Schaffgotsch,  the  amount  of  add  in  a  nitrate  may  be  easily  deter- 
mined by  igniting  a  finely  pulverised  mixture  of  the  salt  with  anhydrous  borax  in  a 
platinum  crucible,  taking  care  to  raise  the  heat  gradually.  The  loas  of  weight  tlieo 
gives  the  amount  of  nitric  anhydride. 

Reich  (J.  pr.  Chem.  Ixxxiii  262)  estimates  the  amount  of  nitric  acid  in  alkaline 
nitrates  by  igniting  them,  mixed  with  from  4  to  6  times  their  weiffbt  of  ponnded 
quartz;  the  loss  of  weight  then  also  gives  directly  the  quantity  of  anhylride,  N*0*. 

3.  By  conversion  of  nitrates  into  chlorides. — The  nitrates  of  the  alkali-metals  and 
alkaline-earth-metals  mav  be  converted  into  neutral  chlorides,  of  perfectly  definite 
composition,  by  igniting  them  in  a  covered  platinum  crudble  with  excess  of  diioride  of 
ammonium,  as  long  as  fumes  of  sal-ammoniac  continue  to  escape^  the  operation  being 
repeated  till  the  weight  of  the  residual  chloride  becomes  constant  Tlie  quantity  « 
base  is  then  determined  by  calcuhition,  and  from  this,  the  quantity  of  nitric  add  in  the 
salt. 

The  chlorides  of  most  of  the  heavy  metals  suffer  partial  decompodtion  when  ignited^ 
eapedally  in  contact  with  moisture. 

4.  B^  the  action  of  Arscnious  anhydride. — Nitric  add  converts  anenioos  into  azsoiie 
anhydride,  accord'ing  to  the  equation, 

A8«0»  +   2HN0«     -     A8«0»  +  2HN0*. 

Hence  for  every  molecule  of  arsenic  anhydride  produced,  two  molecules  of  nitrie  seid 
(HNO*)  must  be  decomposed.  To  apply  this  reaction  to  the  estimation  of  nitiic  add,  the 
aalt  to  be  analvsed  (which  must  not  contain  lime  or  phosphoric  add)  is  mixed  with  three 
times  its  weight  of  arsenious  anhydride ;  the  whole  dissolved  in  strong  faydxoehknie 
add-;  the  solution  evaporated  to  dryness;  ammonia  added  in  excess;  and  the  arsenie 
predpitated  by  addition  of  sal-ammoniac  and  sulphate  of  magnesium,  as  c 


nesian  arseniate,  which,  when  dried  at  100**,  has  the  composition  (NH*)*Miiig"A8K)*.H*0- 
From  the  weight  of  this  salt,  the  amount  of  nitric  add  is  calculated  by  the  proportion, 

(NH*)*Mmg«A8H)MP0  :  2HN0«     -    880  :  126. 

Estimation  of  Water  in  Nitrates. — In  thehydrated  nitrates  of  the  stronger  basest  the 
amount  of  water  is  easily  determined  by  heating  them  to  100°,  the  water  being  then 
completely  expelled  without  any  loss  of  add.  But  the  nitrates  of  the  weaker  bases 
cannot  bear  this  te^npcrature  without  decomposition,  and  in  these  the  water  must  be 
determined  at  the  same  time  as  the  nitrogen,  by  igniting  the  nitrate  in  a  combastion- 
tube,  at  the  open  end  of  which  is  placed  a  quantity  of  copper  tuminga,  and  attadiing 
to  the  combustion-tube  a  dr^-ing  tube  containing  chloride  of  caldnm,  in  the  aame  man- 
ner as  for  organic  analyses.  On  heating  the  tube,  the  water  and  nitric  anhydride  are 
driven  off;  the  water  collects  in  the  chloride  of  calcium  tube,  the  increase  of  weiriit 
of  which  determines  its  quantity  ;  and  the  nitric  anhydride  is  reduced  by  the  red-hoi 
copper  to  pure  nitrogen,  which  passes  on  and  may  be  collected  over  mercnry  and 
measured. 

Separation  of  Nitrates  from  Chlorides. — All  chlorides  containing  metals  which  form 
insomble  phosphates,  may  be  separated  from  nitrates  by  heating  the  solution  ootitaining 
them  with  phosphate  of  silver.  A  trace  of  that  salt,  which  remains  in  sola t ion,  may 
be  easily  determined,  and  in  some  cases  separated  by  means  of  alcohol.  Lasaaigne 
has  employed  this  method  for  separating  the  chloridcf  of  magnesium  and  calcium  from 
the  corres|>onding  nitrates  in  well- waters. 
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In  loiDe  eaMM^  earlion«t«  of  tUr^r  is  a  more  conrenieDt  precipitant  tlian  tho  pho»- 
H^to,  ttpoeinlljr  ftff  sipanting  the  ehlorides  of  the  fUJLalm«  eiurth-mt^tiiLi  and  of  mag- 
Hpinm  Iroim  tiie  oofresponding  nitrates.  In  otiier  caii4fs«  howerfr,  the  cjirbonate  can* 
not  be  iis0d,  beoiiiM  a  gr^at  nnmbcf  of  oxides  are  predpttated  hj  it 

Tbe  diloRdfif  of  tbo  alkaLi-metals  cannot  be  amzatAd  from  the  mtmtes  bj  thia 
method^  beeanae  ^e  pbo«phat««  of  tboae  baaea  are  aolnble^  The  method  most  generalljr 
mifOpM  Jbr  aatimatingtbe  qoantitjof  chloridea  ooatained  in  alkaline  nitrat^'ft,  espedalljr 
in  eruda  aallp«iCni  ia  to  pr«eipitate  the  chlorine  hf  nitafiU  of  ailrer,  and  determine  its 
amonntf  aitlur  br  ooUerting  and  weighing  the  precipitate,  or  by  the  Tolumetjic  method 
with  ehromala  or  potamiun  (i,  360). 

n.  Voi.xnnrrRfc  vsTBonv.  1.  By  nnttralisaiion.  S««  Anaxtsis^  Volumktbic 
(I  261).— If  fulpboric  acid  is  the  Btiindard  acid  uaod,  and  the  number  of  burette  divi- 
aionf  of  the  ftAndard  alkaline  solution  re<|uired  to  neutralise  eq^A  weights  of  the 
standard  imJphnric  acid  and  of  the  nitric  add  to  b*^  t««t€d,  are  denoted  by  s  and  p\ 
then  the  quantity  of  nitrieadd  (HNO*)  euntaiuL^  in  100  parts  by  weight  of  the  acid 
under  examination  t»  giTen  by  the  formuia 

#  -  100    ,    ?|     .    ?,    -     128  67    *, 
A9         p  p 

If  Ibr  foamj^i^p  »  22  andp'  «.  ^,  then  x  »  66*5,  or  100  gramme  of  the  acid 
eootain  56*6  grammea  of  real  nitric  add.  The  percentjige  of  aiLric  anh^drido  will  be 
found  by  iitb^itating  64  for  63  in  the  preceding  furmula. 

2.  litf  tkt  oridaiion  of  Ferrous  *atU  (Pelouae'a  proceaa).— A  ferrous  salt  heated 
with  mtric  acid  is  converted  into  a  fprric  salt,  with  erolution  of  nitric  oxidp,  every 
3  aL  iron  (Ffe  «  66)  thus  further  oxidiaod  ooinesponding  to  1  at  nitric  acid  decom* 
posed: 

6FfeO   +   2WS0*     -     3Ffe'0>   +    2N0    +   H*0. 

A  quantity  of  jmre  iron  (harpsichord  win),  more  than  can  be  eonveirted  into  ferrte 
oxide  by  the  mtnc  acid  to  be  eatimatedt  ia  dissolred  in  exoesa  of  hydn^chloric  acid,  con* 
tMined  in  a  long-necked  flask ;  a  known  weight  of  the  nitric  add  or  nitrate  to  be  t«atod  ia 
then  added,  and  the  whole  boiled  till  the  liquid  acquires  a  dear  yellow  colour.  It  is  then 
diluted  with  waler^  and  the  excess  of  iron  atill  preaent  aa  ienoua  lalt  ia  estimated  by 
m««na  of  a  standard  solution  of  permanganate  of  potaBsimn,  as  described  under 
AN4LYatS|  VoLunxT&ic  (i.  263). 

This  proeesa  is  well  adapted  for  analysing  mixtures  of  sulphuric  and  nitric  acids 
used  in  the  mMHifartnre  of  gun-cotton,  for  mixturea  of  nitric  acid  with  water,  and  ia 
much  used  for  the  Talnation  of  saltpetre.  To  ensure  aoenneyf  access  of  air  lo  the  flask 
must  be  carefuUy  SToided,  as  the  nitric  oxide  which  is  generated  wotdd  be  thereby 
concerted  into  a  higher  ozids  of  nitrogen,  and  thus  peroxidisc  a  furth^^r  portion  of  the 
iron.  Other  souires  of  error  are  the  reduction  of  a  portion  of  the  permanganic  acid  by 
nitric  oxide  remaining  in  the  liquid,  and  the  escape  of  nitric  acid  without  haring  acted 
on  the  iron  solution.  To  obviate  the$e  sources  of  inaccnmcy,  Fresonius  (Ann.  Ch» 
Pharm.  cvL  217)  recommends  the  following  method  of  operating^  A  long-necked 
tubulated  retort,  having  a  capacity  of  about  200  cubic  centimetres,  neing  pla&ad  with 
its  neck  inclined  slightly  upwards,  about  1*5  grammes  of  pure  iron  wire  is  introduenl 
into  the  bulb,  and  from  30  to  40  cubic  centimetres  of  puro  fuming  hjilrochlono 
acid  is  poured  in.  A  stream  of  hydrogen  gas,  previously  washed  with  potash- ley,  ia 
then  passed  into  the  retort  by  a  ^iass  tube  passing  thiough  the  tobulore,  and  ent«rine 
the  retort  to  the  depth  of  about  half-an^ineb,  and  the  ned^  of  the  retort  is  connecten 
with  a  U-tube  containing  a  small  quantity  of  water.  The  bulb  of  the  retort  ia  sunk 
in  a  wuter-buth,  and  heated  goutlv  till  the  iron  is  completely  dissolved.  The  solution 
is  left  to  cool  in  thr  current  of  hydrogcin ;  the  current  is  then  strengthened,  and  a 
quantity  of  the  nitrate  to  be  tcf^ted  (not  exceeding  0*4  gramme  for  saltpctTe)  having 
b<^en  veighcd  out  in  a  small  test-tube^  is  introduced,  together  with  the  tube,  through 
the  neck  of  the  retort  into  the  bulb.  The  connection  of  the  neck  ot  the  retort  with  the 
U-tube  is  then  restored ;  the  contents  are  heat4>d  in  the  wat«r-bath  for  a  qiuirt^^  of 
an  hour;  the  retort  is  then  r^^moved  from  the  water-bath,  and  heated  over  a  lamp 
to  brisk  ebullition,  tQl  the  solution,  which  ii  at  first  daik-coloored  &om  absorption 
of  nitric  oxide  gas»  has  acquirr^d  the  light  brown  colour  of  ferric  chloride,  after 
which  the  boiling  is  continued  for  a  few  minutes  longer.  Care  must  be  taken  not  to 
allow  any  portion  of  the  salt  to  diy  on  the  sides  of  the  retorL  Before  the  boiling  ts 
arrested,  the  stream  of  hydrogen  most  be  accelerated,  to  prevent  air  from  enttring 
through  the  U-tube  as  the  boiling  ceases.  The  solution,  after  cooling  in  the  currvnt  of 
hydrogen,  is  largely  dilutinl  with  water,  and  the  quantity  of  iron  still  remaining  as  fer^ 
fous  salt  is  determined  by  means  of  permanganate  or  ehromate  of  potasatum. 

A  modiflcation  of  this  process  proposed  by  C'  D.  Braun  (J.  pr.  Chem.  IxxxL  421) 
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coDHistfi  in  boiliog  the  nitrate  with  an  acid  solution  of  fenooB  chloride,  in  an 

phere  of  carbonic  anhydride,  till  all  the  nitric  oxide  is  drawn  oS,  then  warming  the  ■(>- 

lution  with  iodide  of  potassium,  whereby  iodine  is  separated,  according  to  the  equatioiH— 

FfeCl«   +   KI  -  FfeCl«   +   KQ   +   I, 

and  estimating  the  liberated  iodine  by  means  of  snlphurons  add  or  hypoenlphite  of 
sodium. 

Schionncfs  method. — This  method,  also  founded  on  the  reducing  action  of  boUiiig 
hydrochloric  acid  and  ferrous  chloride  on  nitrates,  consists  in  ccmecting  the  nitrie 
oxide  evolved  in  the  reaction  over  milk  of  lime,  to  free  it  from  any  hydrochloric  add 
that  may  pass  over  with  it,  carefully  preserving  it  from  contact  of  air,  then  transferring 
it  into  another  vessel,  and  converting  it  into  nitric  add  by  mixing  it  with  oxygen  in 
a  vessel  containing  water ;  the  quantity  of  this  acid  is  then  determined  volumetricaUj 
by  means  of  a  standard  solution  of  lime  in  sugar- water.  This  method  has  the  advan- 
tage of  not  being  affected  by  the  presence  of  oi^ganic  matter  — which  would  vitiate  the 
result  obtained  by  Pelouze*s  process,  by  reducing  a  portion  of  the  permanganic  add 
used  to  oxidise  the  ferrous  salt  and  making  the  amount  of  nitric  add  come  out 
too  small.  It  has  been  applied  by  Schlosing  to  the  determination  of  nitric  add  in 
tobacco;  but  it  is  difficult  of  execution,  and  not  generally  appliteble.  (Chem.  Gaz. 
X864,  p.  398.) 

8.  By  the  reducing  action  of  Mercury  (Crum,  Ann.  Ch.  Pharm.  hrii  283). — ^This 
method  resembles  the  last,  inasmuch  as  it  depends  on  the  collection  of  the  nitric  oxide 
evolved  in  the  reaction,  but  differs  from  it,  in  completing  the  determination  hj  the 
direct  measurement  of  this  gas,  instead  of  by  its  reconversion  into  nitrie  ad<L  A 
weiglied  quantity  of  the  nitrate  is  introduced  into  a  graduated  glass  tube  filled  with 
mercury,  and  standing  over  mercury ;  a  quantity  of  water  suffident  to  dissolve  the  nit 
is  then  passed  up,  and  lastly  a  large  excess  of  strone  sulphuric  add.  The  nitric  add 
thus  set  free  is  reduced  by  the  mercury  to  nitric  oxide,  which  collects  at  the  top  of  the 
vessel,  the  decomposition,  accderated  by  occasional  agitation,  being  complete  in  ^bout 
two  hours.  The  level  of  the  sulphuric  acid  is  then  read  off)  and  a  warm  concentrated 
solution  of  ferrous  sulphate  is  passed  up  to  the  top  of  the  liquid.  This  absorbs  the 
whole  of  the  nitric  oxide,  leaving  only  a  small  (quantity  of  nitroffen,  arinng  from  air 
left  in  the  tube.  The  volume  of  gas  absorbed  is  then  observed,  and  the  amoont  of 
nitric  acid  in  the  salt  thence  determined  by  calculation.  This  method,  which  gives 
exact  results,  has  been  applied  by  Crum  to  the  determination  of  nitric  add,  not  omy  in 
saltpetre,  but  also  in  gun-cottun,  after  it  had  been  ascertained  that  the  presence  of  oiganic 
matter  did  not  interfere  with  the  liberation  of  the  nitric  oxide.  To  introduce  the  gnn- 
cotton,  and  likewise  pulverulent  substances,  above  the  mercury,  Crum  endosea  them  in 
a  small  glass  tube.     H.  Rose  recommends  wrapping  them  in  filtering  paper. 

4.  By  the  reducing  action  of  copper  at  a  red  heat, — When  the  vapours  evolved  by 
igniting  a  nitrate  are  passed  over  red-hot  metallic  copper,  the  copper  takes  np  the 
whole  of  the  oxyfi;en  and  liberates  the  nitrogen,  which  may  be  collected  and  measnmd 
over  mercury.  The  apparatus  used  and  the  mode  of  operating  aro  the  same  as  in 
Dumas'  method  for  the  absolute  determination  of  nitrogen  in  organic  bodies  (see 
Analysis,  Oboanic,  i.  242).  1  part  by  weight  of  nitrogen  corresponds  to  3*857  parts  >(>*. 

If  the  nitrate  contains  water,  a  chloride  of  caldum  tube  must  be  inserted  between 
the  combustion-tube  and  the  gas-delivery  tube. 

5.  By  conversion  into  Ammonia. — Nitric  acid,  as  already  observed  (p.  84),  is  coo- 
verted,  by  the  action  of  nascent  hydrogen,  evolved  by  the  action  of  zinc  on  dilate 
acids  or  on  solution  of  potash,  into  ammonia,  each  molectile  of  ammonia  produced 
corresponding  to  1  molecule  of  nitric  acid :  HNO*  +  H"  -»  NH"  +  SHK).  The 
reaction  may  be  applied  in  various  ways  to  the  estimation  of  nitric  acid. 

a.  Martin's  method.-^The  salt  or  solution  containing  the  nitric  acid  (after  being 
boiled  with  excess  of  potash,  to  expel  any  ammonia  that  may  be  present),  is  treated 
with  washed  metallic  zinc  and  sulphuric  or  hydrochloric  acid ;  ancC  after  the  reaction 
is  finished,  the  liquid  is  distilled  with  potash,  to  expel  the  ammonia,  which  is  either 
estimated  volumetrically  bv  means  of  a  standard  acid  liqui<l,  or  received  in  a  bnlb- 
apparatus  containing  hydrochloric  acid,  and  subsequently  precipitated  by  platinie 
chloride.  A  considerable  quantity  of  zinc  must  be  used,  e(|ual  to  at  least  four  ^es 
the  weight  of  the  nitric  acid  to  be  estimated,  because  a  portion  of  the  hydrogen  always 
escapes  in  the  free  state  without  acting  on  the  nitric  acid.  The  reaction  is  not  inter- 
fered with  by  the  presence  of  nitrogenous  organic  bodies,  such  as  uric  acid,  quinine, 
the  organic  matters  in  mineral  waters,  &c. 

b.  Barcourfs  mtfhod  (Chem.  Soc.  J.  xv.  383). — In  this  process,  the  hydrogen  is 
evolved  by  the  action  of  caustic  potash  solution  on  zinc  in  contact  with  iron  (p.  167). 
A  standard  solution  of  sulphuric  acid  is  used  for  the  I'oUection  and  determination  of 
the  ammonia,  the  excess  of  acid  employed  being  finally  determined  by  means  of  a 
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•Uodard  •oltttion  of  causiic  potasb.  Or  the  toimoQiii  maj  be  condensed  in  hydro* 
r  flhlonc  acid  and  pireeipitaUd  bj  chloride  of  platinum ;  but  the  Tolumt^tric  mf'thod  gives 
f«|Wffoctly  exact  itvultt,  Th^  rpemlt  is  nut  affected  by  the  preaeiicc  of  tfclphiite  of 
'   polainiuin  OP  chloride  of  eodium* 

For  the  r«tiimition  of  nitric  acid  in  other  Ihnn  alknliue  nitrutcn,  tt  ia  ioroetime!» 
adtiaiiblo  to  aeparat«  the  hixae  before  proceeding  to  determine  the  nitric  acid  im  abovu. 
Nittaie  of  bnrium,  when  directly  submitted  to  this  method  of  analysis,  gives  perfect  I  v 
rood  resnlta ;  but  nitntc  of  leud  Kbowod  u.  slight  d*»ftciciiey  iij  tJtw  ivmonnt  of  nitjic  acid, 
due?  probably  to  an  action  of  diasolred  oiido  of  lead  on  the  *itirfi\oe  of  th«  sine, 

6.  B^  rrdttctioH  to  yitrie  Omde  and  4uhirqutnt  con vir turn  of  that  compound  iatn 
Animtmia. — The  conTervioil  of  the  nitric  acia  into  nitric  oxide  is  effected,  xui  in  P«* 
loiize^a  method  (p.  86),  b^  boiling  the  folntion  of  the  nitrute  with  ferrous  chloridi? 
and  five  hj^' droehluric  acid;  and  the  nitric  oxide  is  converted  into  ammonia,  either 
by  masini;  it  mixed  witJi  hydrogen  over  platiniim>!4ponge  h«^ted  nearly  to  retluc«<8 
(NO  +  H*  *■  KB*  ^  H*0),  by  which  method,  however,  the  cou version  into  tininiotim 
iji  completely  effected  only  when  the  quantity  of  nitric  oxide  present  is  viry  small, 
that  in  to  say,  when  onlj  a  small  quAotity  of  nitrate  is  operated  on;  or,  seixuidly,  and 
more  cffectiudly,  by  passuig  the  nitric  oxide  mixed  with  liulphydric  acid  gas,  over  nearly 
red-hot  soda-lime: 

2N0  +   ZWB  +   2CcaO     -     2NH"    +   CcaSO*  +   CcaS*. 

In  either  case,  each  molecule  of  ammonia  produced  correftponds  to  one  molecule  of 
nitric  oxide^  and  therefyre  also  (p.  87)  to  one  molecule  of  nitric  add.  The  ammonia 
produce*!  by  th*^  reaction  is  collected  in  an  ubsoqition-spmratos  in  a  measured  quantity 
of  Btandiinl  frulpburic  acid,  and  the  excess  of  acid  used  i»  determined  by  a  standiird  iilka- 
Hiie  Nfdution.  Thin  proce^  was  devised  f«peciaUy  for  the  es^timation  of  small  quiintiti*'S 
of  nitric  acid  rxi.<>tiii^  in  plants,  soiUs  wateni.  &c.  From  10  to  100  grammo«»of  thet«^b- 
ataoee(or  of  the  residue  obtiiincd  by  oraponiting  the  wnt<*r)  is  exhauBted  with  boiling 
water,  and  tlie  concentrated  solution  is  treated  as  above  described  (G.  V  i  1 1  e,  Compt, 
rend.  xi.  0:J9  and  087) 

7.  /?y  thi^  actum  of  Stnnnmt*  CJiloride, — Bach  at.  nitric  add  eonTcrta  4  at.  stannous 
chloride  into sUinntc  chloride:  11  NO'  +  4SnCl'  +  8HCI  =  4SnCl*  ^  NH*  >  3H*0. 
— The  nitric  acid  or  nitrate  is  heated  with  a  known  volume  of  the  acid  tin-tiolution 
in  a  sealed  tube  to  about  15(J°  for  ten  minut'-^,  and  the  remaining  stannous  chloride 
is  estimated  by  a  standard  solution  of  acid  chromate  of  potassium*    (P  ng  h. ) 

MttalUc  Nitrates. 

NiTJiATlOf  AMTMisriun.— The  normal  ta/i,  A11'"N*0*.£>H'0,  crystallises  from  a 
concentrated  solutiou  of  hydrate  of  aluminium  in  nitric  acid,  in  oblique,  r]iombi(\  very 
short  prismit,  which  melt  at  73^.  solidify  to  a  crystalline  msss  on  cooling,  delique*ice  in 
t\w  air,  Jind  di«solve  very  euwily  in  water  and  in  nitric  add.  Half  an  ounce  of  the 
pulvert»etl  cryf^tnls  mixed  with  an  equal  weight  of  add  carbonate  of  sodium  or  ammo* 
nium,  produced,  on  solution  in  water,  a  fall  of  temperature  from  +  10*6^  to  —  233^ 
(O T d  way,  Ann,  Ch.  Phurm.  Ixxvi.  247  ;  see  ahso  Sa  1  m - H o r* t m « r,  Jahretib.  I8o0, 
p.  301 ).  This  Bait  treated  with  hydrate  of  aluminium  amiears  to  yield  a  scries  of  bn^ie 
salts  anakjg^us  to  the  bu<<ic  ferric  nitrates  (p.  94)  (Ordwa^).  Berxel  Jus  obtained 
A  baste  nitrate  of  slumiuiutu  in  the  form  of  a  pasty  mass  by  predpitatiog  the  neutral 
salt  with  ammonia. 

NlTHATa  OF  AHMOKItrM- 

Salts,  i.  192.) 

NiTBATK  OF  BAniFW.    BsNO*  or  Bbtt^N'O*,    B&ryiasaltpctrf. — Prepanrd  by 

treating  the  solution  of  sut[>hide  of  barium  or  the  nativ#»  cjtrbonate  (tVtikrritr)  wilh 

dilolfe  nitric  acid,  or  by  pr*eipilattn^  the  holutton  of  th«^  sulphide  or  chloride  with  nitmte 

of  Buibum.     It  cr>'fltaUi»e«  in  n  gular  octahwlroii*  aud  combinations  of  that  form  with 

others   of  the  regiUdr  **y«t4'ro,  CitptK^ially  the  cube.     The  cr^^stals  are  permanent  in 

the  air,  white,  transparent,  or  translucent,  have  a  ftpc citic  gniTity  of  3"  1848  (K a  rst  e  i»), 

aud  a  sharp,  Kiihne,  bitter  taste;  decrepitate  whon  heated,  and  melt  at  a  ctimparativeJy 

low  tem|K'rature.     At  a  red  heat  the  salt  doeon!p:>^ea,  giving  off  oxygen,  nititigen,  and 

ruitrie  peroxide,  and  having  a  residue  of  pure  baryta.     It  detonates  slightly  with  com- 

|bu»lible  bodie*,  and  decomposes  with  a  yellowish  light  when  thrown  on  glowing  coals. 

lit  dissulves  in  water  with  slight  depression  of  temperature.     1  pt,  of  the  salt  dissolves 

jln  20  pt*.  water  at  O'^;  in  12'6  pts.  at  16*;   in   &'9  pts.  at45^;  in   3*4   pts.  at  86^; 

Hid  in  2'8  pts.  at  IOC  (Gay-Lussac).    According  lo  Karptcn,  it  dissolves  in  llfiS 

its,  water  at  2fP,  formings  solution  of  spetilie  gravity  1  0678,     In  water  rontsininn 

Citric  acid  it  is  much  le^s  soluble,  60  that  a  neutral  solution  from  which  uofhiiig  will 


{Nn')NO*.    Niirum  Jlamtntma.    (See  AmcoiaACAL 
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cryBtaUise  yields  an  additional  crop  of  crystals  on  addition  of  nitrio  aeU:  Imee  ako 
the  necessi^  of  ii8ing[  dilute  nitric  acid  in  preparing  the  salt  from  the  carbonate^  &a  In 
strong  nitnc  acid  it  is  qnite  insoluble ;  also  in  alcohoL 

From'  a  solution  cooled  to  between  12<>  and  0^,  HirselJZeitaehr.l  Fhann,  18M, 
p.  49)  once  obtained  a  hydrated  salt  containing  Bba'^*0*.2HH). 

An  aeeto-nitrate  of  barium,  Bba''(N0»XCHH)»).4HK),  is  obtained  by  disKilTing 
acetate  of  barium  in  excess  of  the  nitrate,  and  crystallisfs  from  the  motha>li^nor  after 
the  excess  of  nitrate  has  separated,  in  large,  rights  rhombic  prisms.  (Liieiii%  Amu 
Ch.  Pharm.  ciiL  113.) 

Nitrates  of  Bismuth.  The  normal  saXt,  Bi'THO'.fiHK)  orBiK)».8IW>».10HK), 
is  obtained  by  dissolving  the  pulverised  metal  or  the  oxide  or  carbonate  in  modeniely 
strong  nitric  acid.  The  concentrated  solution,  which  corrodes  paper,  and  nraat  them- 
fore  be  filtered  throng  asbestos  m  pounded  glass,  deposits  the  salt  oo  crvaponlkm  im 
large  crystals,  which  are  veiy  deliquescent,  extremely  caustic^  and  mdt  in  their  wnter 
of  ciystallisation  when  gently  heateiiL 

BaHe  salts,— -A  bismuth-nitrate  having  the  composition  2Bi'^0^.HK)  -•  /^qi\«  (  O* 

or  Bi*0'.N'O^HK),  is  obtained  bv  heating  the  normal  salt  to  78°  (Graham,  Ann.  Ck, 
Pharm.  xxix.  16),  to  150^  Gladstone  (Chem.  Soc.  Mem.  iii.  480).  According  to 
Ruge  (Jahresb.  1862,  p.  163),  the  normal  salt  heated  for  a  certain  time  to  78°  leara 

the  basic  salt  Bi"7^0*.HN0» -,^^, 1 0«  or  Bi»0«.2N«0».H«0 ;  but  if  it  be  kept  at 

that  temperature  till  it  no  longer  loses  weight,  the  residue  consists  of  2Bi'^0^.H'0. 

The  acid  solution  of  the  normal  salt  is  decomposed  by  water,  witli  precipitatioii 
of  a  white  basic  salt  formerlv  called  magiaUry  of  lismutk.  The  composition  of  this 
precipitate  is  variously  stated  bv  di£ferent  chemists,  and  appears  to  vaiy  according  to 
the  quantity  of  water  added,  and  the  len^h  of  time  for  which  the  washi^  is  con- 
tinued. According  to  Ruge  {loc.  cit)  it  consists  mainly  of  the  salt  Bi'^0\H*0 
or  BiK)«.N«0».2H*0,  mixed  with  variable  quantities  of  Bi«0».2BiNO<.H«0  or 
2BiK)'.N^0*.H^0,  the  proportion  of  the  latter  increasing  with  the  quantity  of  wash- 
water  used.    (See  alsoHandw.  d.Chem.  vii.  176.) 

NiTBATB  OF  Cjssiuic,  CbNO'.    Scc  Cjksiuii  (i.  1115). 

Nitrate  of  Cadmium.  CdN0«.2HK)  or  Ccd''NK)«.4H«0.—Tufrs  of  needles  and 
prisms  which,  according  to  Meissner,  deliquesce  in  the  air,  dissolve  in  alcohol,  bat  without 
CDlouring  the  flamo.  According  to  Or d way  (Sill.  Am.  J.  [2]  xxvii.  14),  the  salt  meUs 
at  59*6°,  boils  at  about  132°,  and  remains  clear  and  mobile  on  prolonged  boiling  till 
Jths  of  the  water  has  gone  off. 

Nitrate  of  Calcium.  CaN0«.2H*0  or  Cca'T^0«.4H'0.— This  salt  oeeors  on 
many  parts  of  the  earth's  surface  where  the  conditions  are  favourable  to  tlie  fbnnation 
of  nitric  acid,  and  calcium-salts  (especially  the  carbonate)  are  likewise  present.  In 
many  limestone  caverns,  thoseof  Kentucky  for  example,  it  takes  the  form  of  sill^  efflores- 
cences of  a  white  or  grev  colour.  It  also  occurs  on  the  floors  and  waUs  of  stables  and 
other  badly-drained  buildings  in  which  urine,  blood,  and  other  animal  matters  are  left 
to  putiefy.  From  the  soil  it  often  passes  into  well-water.  When  it  forms  on  walls  it 
Pluses  rapid  disintegration  of  the  mortar,  because,  beinff  very  soluble  and  deU^neseent, 
it  is  rapidly  carried  away  by  rain-water  and  atmospheric  moisture ;  hence  it  is  called 
the  saltpetre -rot  In  France,  Prussia,  and  other  countries  of  Europe  it  is  fbnned 
artificially  in  saltpetre-plantations,  conHisting  of  heaps  of  decomposing  veiietablt 
and  unimal  matter  mixed  with  cinders,  chalk,  marl,&c.,  which  are  frequently  moistened 
witli  urine,  dunghill-water,  waste  soap-suds,  &c.  After  exposure  to  the  air  for  two  or 
three  years,  the  mass  is  lixiviated,  and  the  crude  liquor,  which  is  diiefly  a  solntion  of 
nitrate  of  calcium,  mixed  however  with  the  nitrates  and  chlorides  of  potassiom,  sodiom 
and  magnesium,  is  treated  with  carbonate,  sulphate  or  chloride  of  potassiam,  in  ovder 
to  convert  the  nitrate  of  calcium  into  nitrate  of  potassium  (see  RicJuirdson  and  WatUts 
Chemical  Technoloay,  vol.  i.  pt.  4,  pp.  281—289). 

Pure  nitrate  of  calcium  is  best  prepared  by  neutralising  nitric  add  with  lime  oir 
carbonate  of  calcium.  The  solution,  when  evaporated  to  dryness,  leaves  the  anhydromi 
salt,  which  has  a  specific  gravity  of  2*472  (Kremers),  a  warm  bitter  taste,  diaaolTC* 
easily  in  water  and  in  alconol,  and  may  be  heated  to  incipient  fusion  without  decom- 
position. The  partially  decomposed  salt  is  phosphorescent  {BeUdtmn's  pkoapkorus). 
At  a  higher  teroperatun^  it  is  decomposed,  giving  off  oxygen  and  nitric  peroizidfi.  It 
detonates  slightly  with  combustible  bodies. 

A  very  strong  aqueous  solution  of  the  salt  crystallises  with  difficulty  in  deliqnefoeat 
six-sided  prisms  terminated  by  acute  pyramids — monoclinic  combinations,  aocx»ding 
to  Marignac— containing  Cca'T^*0*.4H*0  ;  according  to  Mitschcrlich,  the  same  hydnte 
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if  prodpitrntod  is  a  eiyaUlliiw  powder  &om  tiie  aqueous  solution  ou  additton  of  nitric 
acid.  According  to  Ordway  {lot.  ciL)  tbo  bjdrated  salt  meltn  at  44*^,  but  if  heated 
Bomrwhat  abors  iu  meMing  point,  reamins  liquid  till  it  hsA  cooled  down  to  the  ordinary 
tecnpeimtarei  md  if  Ui«a  touched  with  a>  crystal  of  the  lanie  saII,  solidifies  quidd^p 
with  ODDsidsmble  rise  of  temperature  and  contnction.  Its  spedfie  gr&Tity  at  I6'&^t  is 
liM  in  the  sotid,  and  1*70  in  the  liquid  state.  The  fnaed  salt  begins  to  boil  at  U2°,  and 
remuins  clear  dufing  boiling  down,  till  about  one* third  of  the  water  has  gone  off,  and 
then  deposits  the  iikhyd»>as  salt,  without  loss  of  add.  The  anhydrous  salt  eTolyos 
great  heat  on  combining  with  water. 

NiTXATBs  or  CaBiirit.— a.  Cerou9  niirait,  ON0*.2HK)  or  Cce'T^0«,4H«0,  is 
obtained  by  dissolring  osroeo-cerie  oxide  in  nitric  acid  in  presence  of  alcoliol  or  some 
other  redoeing  rabelanee*  The  Altrate  evaporated  to  a  syrup  yields  the  salt  on  cuol- 
ing,  Ml  a  faint  rose-coloured  crystalline  mass,  which  giTos  oflT  half  its  water  at  150^ 
and  deeompoaes  at  200^.    (L.  J.  Lange,  J.  pr.  CbeoL  uxxii  120,). 

AmmonifM>erout  nitrate,  (NH*)K0'.Coe'^*0".8HK>,  obtained  by  evaporating  a  mix- 
ture of  equal  parts  of  the  modcrsitely  concentrated  solutions  of  the  component  salts, 
and  cryHtidlising  over  lime  aud  chloride  of  caldum,  is  oolourleas,  very  eolublt^  in  water 
and  aleohol,  and  deliquesces  in  moist  air,    (Holzmann,  J.  pr.  Chem.  Ixxxit.  76.) 

A  mixture  of  cerous  nitrate  and  nitrate  of  potassium  concentrated  to  a  symp 
and  then  left  over  oil  of  vitriol,  yields  small  crystals  of  potattiO'Cerous  nitratf^  which 
gave  in  one  analysis  maults  agreeing  with  the  formula  iKNO'.aOo^N^O^.iH'Op 
but  were  not  found  to  be  of  constant  composition  (Lange). — MagnrfUh4!froua  mtrate^ 
Hnig'7T^O'.Cce'^H)".8H^O«  is  obtained  on  adding  alcohol  to  the  mixed  solutions  of  its 
component  salts,  in  faint  roee-coloured  crystals,  soluble  in  water  and  in  alcohol ;  they 
give  off  3  at.  water  at  110°,  and  tho  rest  at  20(>^}  melting  at  the  same  time  (Langc). 
According  to  Holzmann,  this  salt  is  colourless  and  contains  only  6  at.  water.  Tlie 
double  Bidts  of  cetoos  nitrate  wjth  the  nitrates  of  manganc^f^  cobalt,  nicJM,  and  ^no, 
are  simikr  in  oomposition  (with  8  at.  wuter)  to  the  magnesium  salU  and  crystallise 
very  easOj  from  solutions  made  as  nearly  ueutml  as  posalUo*  In  regular  six-»ided 
tables;  thsy sometimes,  however,  exhibit  hemihcdral  fornix,  and  frequently  hare  three 
alternate  sides  longer  than  the  intermediate  ones.  The  manganese  salt  gives  off  i  at* 
water  at  1 60®.    (La  n  g  e. ) 

Cerie  oridB  dissolvee  slowly  in  nitric  add,  forming  a  reddish -yellow  liquid,  which 
U'ttves  on  evaporation  a  reddish^yellow  viacons  mass,  exhibiting  distinct  indications  of 
cf^'HtiilUsation.      It  absorbs  water  from  the  air,  and  leavee  whtm  ignited  a  ceroso-ceric 

oxide  which,  according  to  Marignac,  has  nearly  the  composition  3Cce"0.2Cce*OV 

An  amfrumio-^xroKh^trie  nitratt^  ^^*/Jn«0  ^C«3*N*0»»SH'0.  is  obtained  by  mix- 
ing tlie  sr^ludons  of  nitrate  of  ammonium  and  ceroso-eeric  nitrate  and  evaponiting  over 
lime  and  ddoride  of  calcium ;  it  forms  nodular  ^nps  of  very  deliquescent^  oraoge- 
rtxl  crystals,  consisting  of  microscopic  six-sided  pnsms.    (Holsmann,  loc.  cit.) 

KiTMATMS  OP  Cdromiuic.  Normal  chromic  nitraU,  C;cr^>'.3N*CH-18H*0  or 
Ccr'^N'O^dH'O.  is  obtitinod  by  dissolving  chromic  hydrate  in  nitric  add.  The  solutiont 
which  is  blue  by  refltfcted,  red  by  tmnsmitted  light,  dries  up  when  evaporated  to  a 
gummy  fissured  masa,  which  is  dark  green  both  by  transmitted  aud  by  refioct«d  light, 
and  after  being  heated  over  the  water^bath  ibr  several  hours,  dissolves  oulv  partially  in 
water,  forming  a  brown  solution  (Hayes).  According  to  Or d way  (Sill,  Am.  J.  [2] 
ix.  'H)\  xxvii.  14)  the  normal  salt  dystallises,  thongh  with  difficulty,  from  warm 
water,  in  purple  oblique  rhombic  prisma  containing  d  at.  water,  which  melt  at  37^  to  a 
gTf'en  Uquid^  lioiUng  at  125*5'^,  aud  iarm  with  cold  water  a  purple  solution  which  turns 
gret-'U  when  heati'd. 

Bosic  £;a/t«,^ Normal  chromic  nitrate  dissolves  chromic  hydrate,  the  solution  re- 
mAiiiing  clear  till  it  cmtains  8Ccr*0*  to  SN^'O*;  by  careful  addition  of  alkali,  two- 
thirds  of  the  acid  mriv  be  withdrawn  without  pruducing  permanent  turbidiry.  The 
cryatalltsed  normal  sal!,  hrmted  over  the  water-bath  till  the  loss  of  wt'ight  anmunls  to 
Sy  per  et'iit,,  lenve«  a  dairk  green  visdd  residue,  very  soluble  in  water,  and  ci>n«ifi|ing 
«»f  CcrO*.iN^0M2H'0  :  on  continuing  the  heat,  more  add  an<l  water  escape,  and  the 
spongy  rei^idue  which  tht^n  remains  disaolres  quickly  in  water,  forming  a  dark  brown 
solution  coutainitig  ehromate  and  nitrate  of  elironiiu!ii  (Ordway,  SilK  Am.  J.  [2] 
xxvi.  197).  AccordiD^  to  Siewert  (Ann.  Ck  Phftrm.  cxxvi,  86),  the  f»at united  so- 
lution of  chromic  oxide  in  cold  nitric  acid  contains  the  salt  Ccr'0*.2N'0* ;  and  the  hot 
Maturated  solution  contains  the  enlt  2Ccr^'.3N*0*.  From  the  latter,  ether-alwihul 
preiipitiites  clirumic  hydrate,  whil**  blue  normal  chromic  nitrat«^  remaiiiJ*  in  Sfolution. 

NiTSATK  or  Cobalt,  CoN0V3H^  or  Cco'N  0*.6H^0  (or  5H-0  acconling  to 
MiUon)  forms  rod  pn^^matic  crystals  of  specific  gravity  1  83,  according  to  Bodeker, 
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vhich  melt  below  100°,  and  give  off  water  at  higher  temperatorea,  the  colour  of  the 
liquid  changing  from  violet-red  to  green,  and  finally  swell  up,  give  off  red  nitnras 
vapours,  and  leave  bhick  cobaltoso-oobaltic  oxide.  The  aqueooa  solution  has  a  crimsoa 
colour,  and  may  be  used  as  a  sympathetic  ink.  It  is  also  much  used  as  a  reagent  in 
blow-pipe  experiments  (i.  213). 

A  basic  salt,  6CcoO.N*0».6HK)  or  Cco«NH)».3CcoHK)«.2HK),  is  formed  as  %  Une 
precipitate,  when  a  de-aerated  solution  of  the  normal  salt  is  treated  with  excess  of  am- 
monia out  of  contact  of  air.  After  washing  and  drying,  it  forms  a  green  powder, 
probably  containing  cobaltoso-cobaltic  hydrate.   (W  inkelblech.) 

The  nitrates  of  the  cobalt-ammoniums  have  been  already  descrifaNMl  (i  1052-1056). 

Nitrates  of  Copper.  Normal  cupric  nitrate,  CuNO*  or  Ccn''NK)',  is  obtained 
bv  dissolving  metallic  copper,  cupric  oxide,  or  cupric  carbonate  in  dilute  nitric  acid. 
The  solution  is  green  at  first  (perhaps  from  admixture  of  cupric  nitrite,  and  becomes 
bli  e  only  after  standing  for  some  time.  From  the  blue  solution  at  temperatures  not 
below  20°  (26°  according  to  Or  d  way),  the  salt  is  deposited  in  dark  blue  prismatic  ciys- 
tal«s  containing  Ccu''N*0*.3H'0,  according  to  Graham,  Gladstone,  and  Ordway; 
4 HK), according  to  Gerhard t.  This  hydmte  melts  at  114'd^and  boils  at  170®  giving 
off  nitnc  acid,  and  leaving  a  green  basic  salt  (Ordway).  At  lower  tempentorea,  pale 
blue  priHms  are  deposited  containing  6  at.  water :  they  effloresce  in  vacuo  over  oil  of 
vitrioX  giving  off  half  their  water,  melt  at  18°  (at  26*4°  according  to  0  rdwa  jX  and 
are  resolved  into  a  liquid  and  crystals  of  the  tri-hydrated  salt.  The  latter  decomposes 
at  66°  into  free  acid  and  a  basic  salt  (Graham): 

3(CcuN«0«.3n«0)    «    Ccn'N^O"  +  4HN0*  +  7H«0. 

A    basic   cupric   nitrate^    3Ccu''0.N«0*.H«0      »      Ccu«N«0«.HK)      (Graham), 

4Ccu''O.N«0».3HK)  =  Ccu'O.C^u'NW. SH^'O  (Oerhardt),  is  formed  by  genUj 
heating  the  normal  salt  (to  66° — 300°),  or  by  boiling  its  solution  with  copper  or  cnpnc 
hydrate,  or  mixing  it  with  a  small  miantity  of  alkali ;  also  by  treating  cupric  oxide  with 
strong  nitric  acid,  even  in  excess.  It  is  a  green  powder,  insoluble  in  water,  soluble  in 
acidn ;  it  bears  the  temperature  of  melting  lead  almost  without  decomposition,  but  is 
decomposed  at  a  red  heat,  leaving  cupric  oxide ;  it  also  yields  cupric  oxide  when  boiled 
with  potash  ^Proust).  According  to  Voccl  and  Beischauer  (Jahresb.  1859, 
p.  216).  the  salt  4Ccu''O.X'0^3H'0  is  obtained  in  light,  iridescent,  greenish-blue  lamina^ 
by  boiling  the  mixed  solutions  of  normal  cupric  nitrate  and  nitrite  of  potaarium,  or  the 
green  liquid  obtained  by  passing  nitrous  acid  gas  into  water  in  whicn  cupric  hydrate 
is  8U8j)onded. 

Di-ammonio-cupric  nitratr,  Ccu"(NH*)*N*0",  crystallises  very  easily  from  aqueous 
solution,  and  explodes  violently  when  the  solution  is  evaporated  by  heat  beyond  a  certain 
degree  of  concentration. 

Nitrate  of  Ammo-cuprammonium,  Ccu'7f'0*.4NH',  has  been  already  partially  des- 
cribed (il  81).  According  to  Marignac  (Comjrf.  rend.  xlv.  650),  it  forma  riiombie 
crystals  with  the  predominating  faces  ooP,  ooI»oo ,  Poo ,  and  angles  ooP  :  ooP  «  122® 
35';  Pso  :  f»oo  over  the  principal  axis  —  115°  10';  twins  often  occur  with  compoeitioo 
face  00^00. 

Nitrate  ofDidtmium,  DiNO*  or  Ddi"N»0«.— Easily  soluble  in  water:  the 
solution  is  rose-red  when  dilute,  with  a  violet  tinge  when  concentrated :  a  aympy  so- 
lution solidifies  on  cooling  to  a  deliquescent  mass  of  the  hydrated  salt,  which  melts  and 
gives  off  its  water  when  heated  above  300°.  The  anhydrous  salt  dissolves  cnaily  in 
alcohol  of  96  per  cent.,  and  a  mixture  of  alcohol  and  ether,  but  is  insoluble  in  pare 
ether.  When  strongly  heated  it  gives  off  nitrous  vapours,  and  ultimately  leaves  a 
residue  of  brown  peroxide  of  didyniium.  If  the  decomposition  be  stopped  at  a  certain 
point,  and  the  residue  treated  with  wat<'r,  there  remains  a  white  mass,  apparently  con- 
sisting of  a  basic  salt.  l!di«NW.Ddi"H^0«.4H'0.  (Marignac,  Ann.  Ch.  Phya.  [S] 
xxxviii.  148;  see  also  Hermann,  R^p.  Chim.  pure,  1861,  p.  53.) 

Nitrate  of  Erbium.  Permanent  in  the  air;  mostly  colourless,  8ometim«« 
slightly  reddish ;  forms  a  colourless  solution. 

Nitrate  of  Gluoinum,  2GN0».3H*0  or  Gg'T^0«.3H»0.— Obtained  by  de- 
composing the  sulphate  with  nitrate  of  barium,  as  a  difficultly  crystalliaable,  veij 
deliquescent  salt,  which  melts  at  60**,  and  boils  at  140*5°  remaining  dear  when  boiled 
down  till  the  thermometer  rises  to  160°,  and  fiuid  till  cooled  to  16°  ;  the  fused  mass 
solidifieK  rapidly  on  addition  of  strong  nitric  acid.  When  heated  for  twenty  hovirs  in 
a  steam-bath,  it  left  a  thick  tranKparent  residue,  amounting  to  60  per  cent,  of  its  weight, 
perfectly  soluble  in  water,  and  consisting  of  Gg"N20«.Gg"H*0*.2H*0.  Thia  basic  salt  also 
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I^^^^HpTed  mhfu  ilie  *lqn^0lui  solutton  of  tlie  normal  suit  is  treated  in  tJiti  cold 
with  ^m^tm  tit  earboniit*  of  jjluinnuni,  whort'to,  oo  boilinyr.  the  wliolo  of  the  gludua  iti 
pr«eipitiit«d  in  the  form  of  a  more  highlj  buaic  (itilu     By  the  action  of  hydrate  of 

Kliicinum,  \lw  normal  iiitr.ite  nmy  be  coiiTeited  into  the  tiibaaic  tiitrmte,  Gg^O% 
(Ordw*j,  SilL  Am,  J.  [2J  xxri.  19"  ;  xxTii.  14.) 

KiTiiATi  or  Gold?  Fine  gold-leaf,  a&d  gold  recently  precipitated  hj  ftsrrouB 
Kulph&te,  di*«olv«>$  in  fiimiog  nitric  acid;  but  the  solation  is  very  UQAtable.  b^ing  d**- 
oompoMd  even  by  Hn^tation  with  water,  with  pr<»cipitAtioii  of  auric  oxide,  or  if  nitrous 
acid  ii  pment,  of  mctAllic  gold.  Auric  oxide  and  hydrate  likewise  diaaolre  in  fuming 
nitric  acid,  Winning  a  aimilar  aoltitioo. 

NlTBATBt  OP   IkIOAMMONIVMS  (see  ImDITM-BASBSf  AMMOHOkCAl^  in.  324). 

NtTRAT«8  0Flti02r.  a.  F^Hc  NitraUs.— The  normal  sait,  Fe*0*. 3N«0*.  1 8HK> 
or  Ffe'"N»0».9H*0,  in  pr«pcirod  by  dissohing  metallic  iron  in  nitric  acid  of  upedftc 
grarity  1^29,  till  the  liquid  bai  taken  ap  a^x}at  10  pprcetiL  of  rho  mntid,  and  then  adding 
an  nqual  rolutne  of  nitric  acid  of  apeciftc  grarity  I -43,  The  solution,  on  cooling',  de- 
poflite  the  salt  in  obliqae  rhombic  priftniH  of  tpecific  gravity  10835  at  20°,  eolourleaJi 
or  with  a  faint  laTcnder-blno  tint,  slightly  deliqueecent,  xfry  isolnble,  with  a  yellow- 
brown  colour,  in  watt*r»  rcry  slightly  soluble  in  cold  nitric  acid  At  47 '2*^  tbt^y  m<*lt 
to  a  deep  red  liquid,  which  remaine  liquid  till  cooled  to  20°.  and  has  then  a  specific 
gravity  of  1*6712;  pan  of  the  acid  goes  off  at  lOO^ ;  the  liqtdd  boils  at  126^  and 
complet4'  deramposition  takes  place  at  a  red  heat  (Ordway,  I4k.  cii,),  Hausmauu 
(Ann,  Ch,  Pharm.  Ixxxii.  1U9),  by  evaporating  the  red- brown  solution  of  iron  in 
nitric  acid  to  a  syrup,  at  a  gentle  heat,  tlien  adding  half  the  Tolume  of  nitric  acid,  and 
leaving  the  solntioQ  to  cryst^^e,  obtained  prismatic  crystals  containing  Ffe'^N^CQE^O, 
and  meltiikg  at  35^.  R.  Wildeostein  ( J.  pr.  Chem.  Ixxxiv.  243)  obtained  the  oame 
hydrate  in  limpid  cubic  crystals,  from  a  large  quantity  of  iron  mordant  containing  a 
ver)'  small  quantity  of  free  acid  (prepared  by  aaturaling  slightly  diluted  nilric  acid 
with  iron,  and  evaporatiiig  to  48*^  or  50°  Baum^). 

Iia*ic  SalU. — Ordway  haa  obtained  basic  ferric  nitrates  cout&ining  from  2,  3,  6, 
8,  12  to  24  molecules  of  ferric  oxide  to  3  at  nitric  anhydride,  namely  by  mixing  the 
solution  of  the  tiormal  salt  with  recently  precipitated  ferric  hydrate  in  various  pro- 
portions ;  they  are  all  soluble  in  water,  and  the  solutions  when  evaporated  yield  red 
mostly  deliquefcent  powders.  Th^  fkilutioua  have  a  deep  red  colour,  are  not  de- 
cgmpoftod  by  boiling  or  dilution*  but  when  satunited  with  ferric  oxide,  they  yield  a 
prt'cipitafe  of  ihat  oxide  on  addition  of  chloride  of  sodium,  sulphate  of  potassium, 
chloride  of  ammonium*  sulphate  of  fMidium.  cupric  sulphutfj,  &c.,  but  are  not  precipi- 
tated by  neutral  acetate  of  lead,  cupric  acetate,  or  alcohol.  Scheurer-Keatner 
(Compt.rend  ilvii-  927)  ha<»  obtained  the  two  salts  2Ffe*0*.NH)».H0  and  Ffe^CH.N'O*. 
Tlie«e,  as  well  as  the  normid  t«alt,  aro  dccomfiosed  by  water,  the  normal  salt  yielding 
2Ffe»0».N»0*  SH'^O,  the  first  of  the  two  basic  sjdt*«  Just  mentioned  jidding  3FfeWN'0\ 
2H*0,  and  the  second  4 FfeW.N^O*»3H*0.  Bausmanu,  by  evaporating  the  solution 
of  iron  in  nitric  acid  to  a  «ymp,  adding  half  the  volume  of  strong  nitric  acid, 
and  leaving  the  solution  to  crystallise,  obtained  colourless  prisms  contatniug  Ffe'0^ 
3N'0*J2H*0.  By  mixing  a  very  concentrated  solution  of  this  sail  with  water  till 
the  colour  became  rt^diah-yellow,  then  tioiling,  and  adding  nitric  acid  af^er  eooHng, 
an  ochre-coloured  precipitate  was  formed,  containing  8Ffe'0*.2N2O*»3H2O,  By 
adding  a  very  large  quantity  of  water  to  a  highly  concentrated  ai»d  slightly  acid 
solution  of  the  nitrate,  an  ochre^coloured  precipitnto  was  sometimes  formed,  containing 
36Ffe»0'.K'0**48H*0.  By  treating  iron  in  excess  with  nitric  acid,  a  precipitate  was 
obtained  having  the  compoaitbo  8Ffe*0*.NK)M2H«0. 

U*  Ftrric  jlcrfo-nrff  rrt<<»#  (Scheurer-Kestner,  Ann.  CbPhys.  [3")  Ixiii.  422  ; 
R^p.  Chim,  pure,  iv.  96), — Thcf^,  and  similar  salts  containing  chlorine  nod  other 
monatomic  radicl<5S  are  obtained:—!.  By  leariug  mixtures  of  ferric  hydrate  and 
monatomic  acids  (nitric,  hydrochloric,  acetic,  &c.)  to  act  upon  one  another  for 
several  days  at  40°*— 2*  By  mixing  a  monatomic  acid  with  a  very  concentrated 
solution  of  a  ferrous  salt,  or  with  the  dry  salt>  and  oxidising  th«*  mixture  with  nitric 
acid* — 3.  By  the  mutual  action  of  the  component  salt*,  r.^.  of  ferric  acetate  and  ferric 
nitrate.- — 4.  By  th«  action  of  an  acid  on  a  ferric  salt  containing  another  aeid* 

Ftrric  DincUiy^niirtUf,  Ffe"'(C^H^0')={N0»).aH^O,  cry staUiaes  in  slender  blood-nni 
needles  or  right  rhombic  prisms  of  considerable  size;— /crric  aato-^limirait, 
Ffe*(C*H"0*X^*^)*'^*^»  1"  right  rhombic  prisms; — ftrrie  UtraeeUhnitrate^ 
fl'e»(C*H"0')*<N0'XH0).4H*0,  in  hard, shining,  red-brown,  right  rhombic  prisms;— 

ftrrie    triaertfi-mlrate,  Pfe«(C*H*0«)»(NO»)(HO)«.2H»0,    in  oblique  rhombic  prisms, 
reasmbh'ng  ferricyanide  tif  potaaaium. 
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7.  Ferrous  nitrate,  FeH).N*C)»  op  FfeTTO*.— Prepared  bj  predpitating  lemNM 
■nlphate  with  an  equivalent  quantity  of  nitrate  of  barium,  and  evaporatixig  the  filtnta 
in  vacuo  over  oil  of  vitriol;  or  by  adding  sulphide  of  iron  to  odd  dilate  nitric  icid, 
and  evaporatinff  the  solution  in  vacuo.  If  the  solution  were  eva{>orated  by  heat>  f^nrie 
salts  would  beformed.  The  salt  is  likewise  obtained  by  treating  iron  borings  or  lUiiiigi 
with  cold  dilute  nitric  add,  nitrate  of  ammonium  being  fbrmed  at  the  HUOd  time,  emI 
no  evdution  o£  gas  taking  place : 

lOHNO*  +  Ffe*     -     4Ffe'TrO«  +   (NH*)NO«  +   8H«0. 

The  solution  thus  obtained  may  be  heated  neariy  to  boiling  without  deGompomtion. 

According  to  Scheurer-Kestner  (Compt.  rend«  zlvii.  927),  nitric  add  of  tipeaAe 
gravity  1*034  yields  with  iron  nothing  but  ferrous  nitrate  and  ammonia,  whewas  aeid 
of  specific  gravity  1*073  yields  the  same  products  together  with  feme  nitzate;  and  acid 
of  specific  gravity  1*115  and  upwards,  only  ferric  nitrate,  and  no  ammoniiL  In  tha 
hitter  case,  the  solution  contains  basic  salts,  as  well  as  the  normal  salt,  and  in  greats 
proportion  as  the  acid  was  more  concentrated. 

Ferrous  nitrate  crystallises  from  solution  after  some  time  in  firar-stded  bevelled 
prisms,  having  a  very  &int  greenish  ooloar  and  sharp  taste,  deliqueaeent  and  vcij 
soluble  in  water. 

The  solution  of  iron  filings  in  cold  dilute  nitric  add  is  used  in  dyeing. 

NiTBATBOFLAKTHAKuic,LaNO*.|ETO  or  Lla17*0'.8H*0,  separates  fhmiasyrv^ 
solution  in  larse  prismatic  crystals  whicn  deliquesce  in  the  air  and  disserve  eauy  in 
water  and  in  ucohoL  If  the  water  be  very  carefiilly  drawn  off  ftom  the  crystal^  the 
residual  anhydrous  salt  majr  be  ftised  without  deoompontion,  but  if  the  temperatme  be 
then  raised  above  the  melting-point,  a  small  quantity  of  nitric  arid  goes  dl^  and  tlie 
residual  basic  salt  solidifies  on  cooling  to  a  kind  of  enamel  which  almost  immediately 
afterwards  crumbles  to  a  bulky  white  powder,  and  with  such  farce  that  the  partidei 
are  scattered  to  a  considerable  distance.  At  a  red  heat  the  salt  is  complete^  deecRB- 
posed,  leaving  a  residue  of  oxide  (Mosander).  The  hydrated  salt  mdta  at  about 
40^'  and  boils  at  about  120^.    (Ordway.) 

NiTBATBS  OF  Lead.  The  worwi a/ *a//,  Pb«O.N*0»  or Pph'THO*,  is  obtained  hr 
dissolving  litharge  or  metallic  lead  at  the  boilinff  heat,  in  slightly  diluted  nitiie  add[ 
whi<^  should  be  free  from  hydrochloric  and  sulphuric  adds.  The  neutral  nitrate  oys- 
tallises  in  large  octahedrons,  with  the  secondary  £9ices  of  the  cube,  sometimes  txaai- 
parentk  although  generally  white  and  opaque ;  spedfic  gravity  4*609  (Schro  der);  4-S3A 
(Buignet).  The  crystals  sre  anhydrous ;  tJiey  are  soluble  in  7^  times  their  i^d^t  of 
cold,  and  in  a  much  smaller  quantity  of  hot  water.    (Mitscherlich.) 

According  toEremers  (Pogg.  Ann.  zdi.  499)  1  pt.  of  the  nitrate  of  lead  ^asolves 
in  2-58  pts.  water  at  0^;  in  2*07  pts.  at  lO^';  in  1*65  pts.  at  25^ ;  in  1*26  pto.  at  411° ; 
in  0*99  pts.  at  es*^ ;  in  0*83  pts.  at  85^  ;  and  in  0*72  pts.  at  100^.  The  saturated  soln- 
tion  boils  at  108*6°.  The  spedfic  gravities  at  17*5°  of  solutions  of  various  atieogthi 
are  as  follows  (Eremers^  Pogg*  Ann.  ciii.  57 ;  dv.  133) : 

Spedficmviljr  of 

1*1028' 
1-0661 


See  also  Schiff  (Ann.  Ch.  Pharm.  ex.  75).  Nitrate  of  lead  is  insoluble  in  oMM, 
and  in  Btrongnitric  acid,  which  indeed  predpitates  it  from  aqueous  solution ;  aolnbleia 
saturated  solutions  of  nitrate  ofpotaseium  and  nitrate  of  barium.  (For  foil  details  re- 
specting its  solubility  in  water  and  other  solvents,  see  Starer^e  Dictionary  of  Soiubiiitia, 
p.  882.) 

Nitrate  of  lead  is  decomposed  at  an  indpient  red  heat^  yielding  a  miztnre  of  Oizygan 
gas  and  nitric  peroxide  (p.  76),  and  leaving  the  yellow  protoxide  of  lead  (iii.  649). 

Basic  *a/<*.— ThedM>/tt»i5t<?M/<,  2Ppb''0.N«0*  «  Ppb''OJ>pb'WO«(Ber«elims) 
or  2Ppb''0.N*0».H«0  «.  PpblHNO'  (Pelouze),  is  produced  by  boilins  the  normal  salt 
with  white  lead  and  water  (Pelouze),  or  1  pt  of  the  normal  salt  with  1  pt.  lead  ozids 
and  water  (Chevreul),  or  by  treating  the  solution  of  the  normal  salt  with  a  quantity 
of  ammonium  not  suffident  to  throw  down  all  the  lead  as  oxide.  It  erjstallisea  ftoB 
the  hot  aqueous  solution  in  white  grains  or  nacreous  lamina  and  needlea  having  aawmi 
astringent  taste.  It  is  but  slightly  soluble  in  cold,  more  soluble  in  hot  water ;  aeoofd- 
ing  to  Pohl,  1  pt  of  it  dissolves  in  6*15  pts.  water  at  19-2<*. 

Triptumbic  nitrate,  3Ppb"0.N»0»  or  Ppb*N«0«,  is  precipiUted  with   |  at  water 
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(2Ppb'N"0«.3H*0),  on  timiing  ihe  solution  of  the  nornuil  ajUI  with  fi  fdi^bt  excess  of 

""iMODii^  M  A  white  powdir,  ilighUjr  soltiblo  in  pur©  witter  and  pre.;  i  v  additioo 

WMSiy  B&lt»  which  do  not  duoompoBe  it.    The  muim  «idt  ia  preeii  rdiug  to 

.  Vog**!,  jun,.  with  tuico  the  preccdixig  quimtity  of  water  (Ppi.  i>'«f  .sii-O),  on 

idipg  nitAte  of  poUflunoin  or  eoditun  to  a  solution  of  haM(*  acetut4>  of  lead.     It  ia 

tpariosly  soluble  in  boiling  water,  ctytiMnm  on  cooling  in  nodules  of  needle-ahAped 

eiyitAu,  and  glres  off  ila  w«ler  of  erystAUieation  in  Tfteuo  at  206^^ 

^sj^iumbie  nitrate,  fiPpb^CNH)*  H'O  -  Ppb"N»0».3Ppb'*0jaM>.  U  obtained  by 
predpitftfcii^  the  oormd  i»alt  with  exotsas  of  aiiiinoniA,  and  digeeting  the  washed 
predpitaie  with  ammoniA.     It  is  a  white  powder,  neaily  inaolnble  in  wmter. 

P^b'l 
FormO'nitraU  o/Liad,    hO*  \ OMIK),  obtained  bT  diatolnDg  &imato  of  lead 
(CHO)-J 
in  a  hot  neftrlj  aatorated  solution  of  the  nitrate,  GrystaUisefl  bjr  alow  cooling  in  lai*ge 
riiombic  pUteSy  pennancnt  in  the  air,  and  sparinglj  soluble  in  water. 

PkotphQ'nitr9i$o/L€ed,^0*\o\BH}  or  Ppb"K*0*.PpVPK)».2H^,   is 

(PorJ 

tained  b^  nddiug  a  soluble  phoephat4>  to  exceu  of  nitrati*  of  If^od,  as  a  oyvtalline  pre- 
dpitatc,  in»oluble  in  water,  soluble  in  nitric  aeid^  and  cryfltaUiAefl  in  siz-aidfid  platea 
dorired  from  tin  oblique  riiombie  priam.  It  ia  deoonipoeed  hy  boiling  waliir  into 
nitrute  and  orthophoipnale  of  lead,  and  when  heated  to  redneag  learea  a  residue  of  basic 

phoiphate,  Ppb*'O.Ppb"PK)*.    (Gerhardt,  Ann.  Ch.  Phonn.  Ixviii.  280.) 

NiTBATi  OF  Lithium,  liNO".^ — The  anhjdroas  salt  crystalliBes  at  15°  in 
rhombie  prinsutr  like  nitrate  of  potassium ;  of  specific  graritjr  2*334,  ac<;ordiDg  to 
Kremers  (Pofig.  Ann.  xdi.  £20);  according  to  Troost(Ann.  Ch.  Phys.  [3]  Li.  13iX 
in  rhotnbohedmcrjstali,  H .  oR,  haTing  the  angle  of  the  t<7minal  edges  a  \06^  40' ; 
spejriftc  grarity  2442.  Below  10^  the  hydrate,  2LiSQ\m*0,  ciystaliisca  in  thin 
d«^lJquoflpent  prisms  (Troost).  The  salt  dissolTes  easily  in  water  and  to  alcohol ; 
thf*  solutions  baste  like  saltpetre  but  Teir  pungent.  The  i^dfic  graidtiee  of  solutions 
containing  various  proportions  of  the  anhydrous  salt^  according  to  the  determinations 
of  Rremers  (Pogg.  Ann.  cxir,  41),  are  exhibited  in  the  following  table: — 

DNO*  Specific  itiitU/  UNO*  Specific  fntity 

la  too  ptv  *t  ID'A".  In  100  pU.  si  I9<A?. 

14-2  10769  67  6  l-266a 

267  11346  77-4  1'3I64 

40  6  1  1930 

Nitrate  of  liLbiom  easily  forms  snpcz^satarated  solutions,  which  solidify  at  l'^^  oD^^n 
in  masses  of  slender  needles,  the  temperature  of  the  solution  rising  to  37^'  (K  r  e  mors.) 
N I T  a  AT  ■  OF  M  4  a  K 1  SI  tTM,  MgN0l3H*0  or  Mmg"XK>»  6H*0.— This  salt  occurs  in 
thf^  mother-liquor  of  the  saltpetre-plantatious,  anil  was  detected  by  Bc^rzelius  in  the 
well-waters  of  Stockholm,  It  in  prepared  by  dissolving  Magnrma  alba  in  nitric  ac^id, 
and  crystallises  from  thr^  coneontmted  solution  tn  di'iiquescent  rhombic  prisms  and 
needles  (monoelinie  according  to  Mariguae),  soluble  in  |  pt.  cold  writer  imcj  in  9  pts, 
alcohol  of  spedflc  gravity  0-840,  less  soluble  in  alieolute  alcohol.  When  dried  OTer 
oil  ofyitriol,  they  giTe  oif  4  at  water*  They  melt  when  heated,  and  at  the  tt^mperatuie 
of  melting  lead  eiTe  idt,  aooording  to  Graham  and  C  hod  new,  6  at.  water,  IcaTing 
the  monohydrated  salt,  Mms'lf^O.IPO,  which,  at  a  still  higher  temperature,  gires  olT 
the  rest   of   the  water  and  part  of  the  nitric  acid,  leaving  the   trima^neitc  talt, 

Mm^N*0*.  Einbrodt,  on  the  other  hand,  doubts  the  existence  of  the  mono- 
Hydr^ed  salt,  inasmnch  as  he  ftnds  that  the  hex-hydrated  salt  begins  to  give  oif 
nitric  add  befora  it  has  parted  with  the  fifth  molecule  of  water. 

Nitrate  of  magDesram  forms  aa  aleokolaif^  Mmg'^^O*.0CH*O  (see  i.  ^0). 

NtTfiATa  OF  MAiroAirxsa,  MnN0».3IPO  or  MniD"NW,6H»0.-«White  longi- 
tudinally-striated needles,  doliquescent,  and  soluble  in  alcohol 

NiTBATBS  or  MsKCUBT. — o.  Mcrcuric  fn7ra/rtr,— When  mercuric  oxide  is 
dissolved  in  excess  of  nitric  acid,  and  the  solution  is  evaporated  at  a  gentle  heat,  the 
normal  soli,  HgNO^JPO  or  Hhg''N^O*.2H»0,  is  left  in  the  form  of  a  pyrupy  liquid, 
which  retiunii  its  oonstitution  umUt<»red  for  several  months.  By  further  eTaporation 
over  oil  of  ritriol,  it  yields  bulky  deliqoescent  crystals,  consiitttng  of  the  hydrate, 
2Hhg'^K)«.H»0,  which  easily  give  up  a  portion  of  their  acid  (Handw.  dL  €h4m,  rii. 
166).  According  to  C.  G.  Mitscherlich  {Guif tin's  ffandf/or^k,  vi.  74),  the  cryfetuls 
obtained  by  evaporating  the  acid  solution  of  the  normal  salt  consist   of  the  buijic 
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salt  Hhg''0.Hhg'^'0*.2HK).  A  concentrated  solution  made  as  nentrel  as  possible 
yields,  when  cooled  to  15^,  laree  colourless  rhombic  plates  with  angles  of  about 
67^  melting  %t  6'6<>,  and  having  Uie  composition  Hhg'l^>0«.8H*0.  (Ditten,  Jahresh. 
1854,  p.  866.) 

Ba$ic  salts. — The  clear  liquid  obt^iined- by  fusing  the  crystals  of  the  octohydrate 
just  mentioned  deposits  the  salt  Hhg''O.Hhg'77'0*.3H^O,  in  short  ooloorless  needles, 
which  become  opaque  when  exposed  to  the  air  and  white  by  contact  with  water.  Both 
this  salt  and  the  normal  salt    are  decomposed  by  water,  the    trimereune  utU^ 

3Hhg''0.N*0*.II-0  or  Hiig«NK)».H20,  being  first  separated  as  a  white  pulverulent  mMs, 
and  afterwards  gradually  converted  into  red  mercuric  oxide.  The  trimereuric  salt  with 
1  at  water  is  likewise  produced  by  heating  either  of  the  preceding  salts  till  it  is  con- 
verted into  a  pulverulent  mass,  then  pulverising  it,  and  treating  it  seven  or  ei{^  times 
with  cold  water.     It  begins  to  give  off  water  at  about  120^  C.,  and  nitrons  fames  at 

260°.  A  hexmercuric  nUrate,  6Hhg''0.N»0»  or  3Hhg''0.Hlig»NK)«,  is  obtained, 
according  to  Kane,  as  a  brick-]%d  powder  by  boiling  the  trimereuric  salt  with  water. 

Normal  mercuric  nitrate  treated  with  ammonia  yields  a  number  of  nitrates  of  mer- 
curammoniums,  already  described  (iii.  917,  920). 

Double  Salts  of  Mercuric  Nitrate,  a.  With  Mercuric  Cyanide^ — 
Hhg*(N0*)*Cy*.2H*0.— Produced,  according  to  Desfosse,  when  a  solution  of  mcreurie 
nitrate  is  mixed  with  cyanide  of  potassium,  and  crystallises  in  white  micaceous  scales. 

/B.  W\i\i  Mercuric  Iodide.  Hhff"N'0«.HhgP  (Louisville,  Rig  el);  2Hhff'W)«.Hbg''P 
(Preuss). — Obtained  by  dissaving  the  iodide  in  a  boilingsolntion  of  the  nitrate;  or 
by  treating  mercurous  or  mercuric  iodide  with  nitric  acid.  White  nacreous  scales  which 
are  decomposed  by  water  and  by  alcohol. 

Another  iodonitrate,  Hhg''N'0'.2Hhg"P,  is  obtained,  according  to  Liebig,  in  small 
red  crystals  on  mixing  a  boiling  solution  of  merciuic  nitrate  with  half  as  much  iodide 
of  potassium  as  is  required  for  the  complete  sepanition  of  mercuric  iodide.  The  solu- 
tion filtered  from  these  crystals,  mixed  with  a  little  nitric  acid,  and  saturated  while 
warm  with  mercuric  iodide,  yields  after  some  days,  white  silky  needles  of  the  compound 
2Hhff'TT«0«.3Hhg'l« 

Au  these  mercuric  iodonitrates  are  decomposed  by  water,  the  iodide  separating  and 
the  nitrate  dissolving.  When  heated,  thepr  melt,  give  off  nitrous  add  and  a  snbmnats 
of  mercuric  iodide,  and  leave  mercuric  oxide. 

7.  With  Iodide  of  Silver,  2Hhg''N»0«.4AgLH«0.  Separates  from  a  solution  of 
silver-iodide  in  hot  aqueous  mercuric  nitrate,  in  slender  needles  which  are  decomposed 
by  water. 

8.  With  Mercuric  Phosphate.  This  double  salt  is  formed  by  mixing  a  sedation  of 
sodium-phosphate  with  extiess  of  mercuric  nitrate. 

f.  With  Mercuric  Thosphide,  3(Hhg'T^H)«.Hhg''0).Hhg^.  Produced  by  passing 
phosphoretted  hydro^n  gas  through  a  dilute  acid  solution  of  mercuric  nitrate.  After 
washing  with  water,  it  forms  a  veUow  powder,  which  must  be  dried  in  a  vacaum.  It 
detonates  with  great  riolence  when  heated,  less  strongly  by  percussion ;  also  in  chlorine 
gas,  probably  in  consequence  of  heat  developed  by  the  chemical  action  which  ensues. 

C  With  Mercuric  Sulphate,  Hhg'TJ«0«.2Ilhg"S.  Sulphydric  acid  gas  passed  through 
a  solution  of  mercuric  nitrate  in  quantity  not  sufficient  for  complete  decomposition  pro- 
duces a  white  precipitate  which  must  be  washed  with  water,  and  then  (uied ;  if  the 
washing  is  continued  beyond  a  certain  time,  the  compound  besins  to  decompose  and 
turn  yellowish.  An  excess  of  sulphydric  acid  converts  it  wholly  into  black  meicurie 
sulphide.  It  is  likewise  decomposed  and  blackened  by  aqueous  carbonate  of  potasstom 
or  sodium.  Hot  nitric  acid  decomposes  it  with  formation  of  sulphuric  acid. 
(H.  Rose.) 

Mercurous  Nitrates.  The  fionnal  salt,  HhgNO*.H*0,  is  formed  by  prolonged 
digestion  of  mr  tallic  mercury  in  excess  with  cold  moderately  strong  nitnc  acid,  and. 
separates  in  colourless  somewhat  efflorescent,  monoclinic  crystals.  According  to 
Gerhard t  and  Marignac  (Jahrcsb.  1849,  p.  285),  the  same  salt  is  formed  when  the 
liquid  is  moderately  warmed ;  it  is  best  however  to  deciint  the  solution  as  soon  aa  the 
first  violent  action  has  somewhat  subsided,  and  leave  the  still  acid  liquid  to  crystallise 
by  cooling.  It  sometimes,  according  to  Gerhardt,  deposits  prismatic  crystals  of  a  basie 
salt,  but  these,  if  left  in  the  liquid,  are  gradually  converted  into  the  normal  salt.  The 
latter  is  soluble  without  decomposition  in  a  small  quantity  of  water,  but  a  larger 
quantityconverts  it  into  a  basic  salt.  When  heated  with  water  it  is  resolved  into 
nitric  peroxide  and  mercuric  oxide  ;  HhgNO*  =  Hhg"0  +  NO*. 

Basic  salts. — The  above-mentioned  prismatic  crystals  which  sometimes  separate, 
according  to  Gerhardt,  from  the  solution  of  excess  of  mercury  in  warm  dilate  nitric 
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add*  are  mcwt  readily  obbunetl,  iiccoTdiiig  to  Miirigna<!;  when  the  erjattHa  of  fhe  normal 
Bidt  are  wanned  in  their  mother- Liquor,  in  contact  with  cxceift  of  mrrcury,  and  tJio  solu- 
tion i«  then  left  to  cryHtaLli&e  bj  cooling,  (The  following  basic  salt  is  ofl4>n  formed 
«t  the  same  time.)  The  ciystals  are  coluurkss,  shining,  non-pffloTesecnt  prismn, 
beloDgblg  to  the  trimetric  Sjfflem.  OerhiUtlt  and  Marigna^  ubtuiotxi  the  Nam<^  rr^^uUs 
by  the  analysis  of  th«i©  cry»t«il« ;  nevertht* leas  they  are  n^^rdwl  by  Gfrhatdt  as 
Hhg-0.4HhgNO'.iro,  ftud  by  MarJgijjic  ii»  Hli^»0.6H!>gN0Ml*0. 

Another  htmc  mi^rcurous  nitrate,  Hhg"0.2HhgN0*.H*0, —according  to  Gerbardt, 
Hhg*0,8HhgN0'.H*O,— is  obrained  when  the  salt  prodQCtni  by  the  action  of  nitric 
peruxide  rapouron  mercury  is  triturated  wilh  a  small  qintotity  of  water,  and  the  mix* 
lure  then  heated  to  boiling ;  aUo  when  normal  mercoroujs  nitrate  is  suspended  in  wnter 
and  the  water  heated  to  boiling ;  also*  according  to  Marignac,  when  the  solution  or 
mother>liquor  of  either  of  the  preceding  stdts  is  boiled  for  uevoral  hours  with  excess  of 
mercury,  the  water  being  replaced  as  it  evsporotes  ;  or  when  the  ery^itals  of  either  of 
Ihe  preceding  aslts  are  left  to  stand  for  sevenil  hours  in  contact  with  their  mother* 
liquor  and  excess  of  mercury.  The  cr>'stttls  are  tridinic,  perma'  ent  in  the  air,  colour- 
lesA,  hard  and  shining.  (Gerhardt,  Jahresb.  1847— 48»  p.  417*— Marignac,  loc.  at.} 

Lefort,  by  prolonged  digestion  of  mercuiy  in  excess  with  dilute  nitric  acid  at  40* 
— do**,  or  by  cTapomting  the  proiluet  of  the  action  of  strong  nitric  acid  on  exee«»  of 
mercury  to  dryness,  and  tresting  tlie  residue  with  boiling  water,  obtained  a  salt  which 
formed  large  prismatic  crystals,  perhaps  identical  with  tho^e  obrainc<l  as  above  by 
Qerhardt  and  Marignac,     Lefort,  however,  regards  th^'m  as  Hhg'0.2HhgNO",2H*O. 

By  the  action  of  cold  water  on  the  preceding  salts,  Gerhardt  and  Mangnac  obtained 
a  lignt  yellow  powder  consistini;  of  Hhg=0.4HIigNO\3H'0^  as  previously  esttibliahed  by 
Kane.   Qerharidt  regards  it  as  the  abore-meotioned  triclinic  milt  in  the  amorphous  stale. 

Mitscberlieh  ihasdescribedanotliersalt.  Hhg  0.411  hgN0'.3H*0,  which  is  perhaps 
identical  with  the  salt  Hh^,4HhgN0Mi^0,  oLtaincd  by  Gerhardt  (vid.  gup.), 
Mitscherlich  obtained  it  by  leaving  cold  dilute  nitric  acid  in  contact  with  excess  of 
mercury,  till  the  crystabi  of  the  normal  salt  whicli  form  at  firsts  dissolve  and  are 
repLiced  by  others.  Crystals  of  different  form,  but  of  the  same  composition  (there- 
fore dimorphous),  are  formed,  according  to  Mitscherlich^  when  the  nomml  mercuroua 
salt  is  warmed  with  mercurous  oxide  and  water  containing  a  little  nitric  acid.  In  this 
way,  lar;2e  limpid  crystals  are  obtained  which  dissolve  in  a  small  quantity  of  water, 
but  ara  decompoaed  by  a  large  quantity,  either  cold  or  hot 

The  solution  of  mercurous  nitrate  is  precipitated  by  ammonia,  yielding  a  black  pre- 
ciDttate  of  very  variable  composition,  constituting  the  so-called  Mereuritts  solubitU 
MsUmtmanni  (iii.  920). 

Marcoroos  nitrate  forms  double  salts  with  the  nitrates  of  barinm,  ntrontium  and  lead, 

Ihtlecd'Mit,  2Ppb*'N'0'.(Hhg»0.2nhgNO»)  or  ^glf^^o'^'.  is  obtained,  according  to 

8ladeler,  on  mixing  a  moderately  concentrated  solution  of  mercurous  nitrate  with 
nitrate  of  lead,  as  a  white  beax^y  precipitate  consisting  of  microscopic  octahedrons  with 
cubic  modification :  dilute  solutions  yield  it  in  larger  erystals  having  an  a4iamantins 
lustre.  It  dissolves  without  alteration  in  boiliog  nitne  acid,  but  is  decomposed  by  pure 
water.     The  barium-  and  sirontmrn-MatU  are  similar  in  form  and  composition. 

NOM 
MeireuroMthnur^uric  nitmU,  Hhg*0.2Hhg''0.N'0*  or  Hlig'  [  0*,   is   formed   by  th* 

gradual  oxidation  of  mercurous  nitrate;  also  when  1  pL  of  mercury  is  boiled  with 
1^  pt  nitric  acid  of  specific  gravity  1*2  till  completely  dissolved  (Wittstock^  Ac- 
cording to  Qerhardt  (Jaluv«ber.  1B49,  p.  286),  the  tight  yeUowsalt  which  covers  the 
hoit'er  parts  of  the  sides  of  the  vessel  in  which  mercurous  nitrate  is  evaporated,  consists 
of  this  merciiroso-mercurie  salt;  the  same  chemist  obtained  it,  with  evolution  of  nitrie 
0Jiid<^,  by  fusing  normal  mercurous  nitratei 

Nitbaths  0W  MoLTBDivvM.— Afo/y6cIic  nitrate  is  obtained  in  solution  by  a&tn- 
rating  nitric  acid  with  molybdic  hydrate,  or  by  digesting  metaUio  molybdeaum  in 
dilute  nitric  add.  It  cannot  be  obtained  in  the  solid  state,  as  the  aolulion  when  con- 
centrated beyond  a  certain  point  gives  off  nitno  oxide  and  leaves  molybdic  aciiL 

Mofjfhdoms  nitrttU  is  obtained  faj  dissolving  mulybdous  hydrate  in  dilute  nitric  acid; 
if  the  hydrate  is  in  exceaa,  a  banc  salt  is  formed.  The  solutions  srv  very  unstable 
and  quickly  decompoae,  depositing  molybdic  acid.     ( B  e  rx  e I i  u s. ) 

P^rmolyhdic  nitrate  or  nitrate  of  molybdic  acid  is  obtained  by  dissolving  molybdic 
anhydride  in  nitrie  add  (iii.  1037). 

NtT 8 4T s  OF  >  J c  1 1 L.  NiN0».3H*0  or  Nni'NW.eH'O.— Emerald-green,  eight* 
nded  prisms,— monnclimCj  according  to  Marignae, — which  effloresce  in  diy  and  d*- 
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liqacsce  in  moist  air,  dissolving  in  2  pts.  of  cold  water,  also  in  alcohol,  and  when 
heated  leave  a  yellowish-green  pulverulent  basic  salt,  then  peroxide,  and  finally 
protoxide  of  nickel. 

An  ammoniacal  nitrate  of  nickel,   Nni'7J«0«.4NH».H«0  (or  2H*0  according   to 
Nni"   )jT4 
Laurent)    —    H'*      j-^,,    is   deposited  in  octahedral   crystals,  from  a  warm  con- 

(N0')«  J  ^ 
centrated  solution  of  nickel  in  ammonia.    The  crystals  when  exposed  to  the  air,  give 
off  ammonia  and  crumble  to  a  bluish-whito  powder. — This  salt  unites  with  chloride 
of  nickel-ammonium,  forming  rather  large  azure-blue  octahedrons  of  the  double-salt, 
Nni"     \^, 

(NOO'j 

Nitrate  of  Osmium.  08"NK)*. — Osmious  hydrate  dissolves  with  green  colour 
in  cold  nitric  acid,  and  the  saturated  solution  dries  up  on  evaporation  to  a  green 
transparent  varnish.     (Berzelius.) 

NiTRATB  OF  Palladium.  Pd'^K)*. — Cold  nitric  acid  slowly  dissolves  palla- 
dium, without  evolution  of  nitric  oxide,  the  liquid  becoming  charged  with  nitrous  add; 
if  the  liquid  is  warmed,  solution  takes  place  more  quickly,  with  evolution  of  nitritf 
oxide.  The  brown  solution  evaporated  to  a  syrup,  and  then  left,  over  oil  of  vitriol, 
deposits  long  narrow  rhombic  prisms,  of  brown-yellow  colour,  and  very  deliquescent. 
From  a  dilute  solution,  the  whole  of  the  palladium  is  gradually  deposited  in  the  form 
of  a  basic  salt.  By  evaporation  between  100°  and  120°  also,  the  normal  salt  is 
almost  wholly  converted  into  a  basic  salt.  If  the  solution  is  evaporated  at  a  low  tem- 
perature, and  the  residual  salt  treated  with  water,  a  turbid  solution  is  obtained,  and  a 
basic  salt  remains  behind,  which  according  to  Fischer,  is  completely  converted  into 
oxide  by  heating  to  120° — 130®.  For  the  basic  salt  precipitated  from  the  solution  of 
the  normal  salt  by  water  or  by  a  small  quantity  of  potatih,  Kane  giv<«  the  formula 
4P(rO.N*0».4H»0. 

The  nitrates  of  the  palladammoniums  will  be  described  under  Palladium-basbs^ 
Ammoniacal. 

Nitrates  of  Platinum.  Platinic  Nitrate,  Pt'T^K)*  or  Ppt**N«0",  is 
obtained  by  dissolving  platinic  hydi-ate  in  nitric  acid,  or  better  by  decomposing  the 
sulphate  with  nitnite  of  barium,  or  by  mixing  the  chloride  with  nitrate  of  potassinm 
as  long  as  a  precipitate  is  thereby  produced,  a  third  of  the  platinum  present  being 
thereby  converted  into  platinic  nitrate.  The  decanted  dark  brown  liquid  yields  by 
evaporation,  a  mass  of  the  thickness  of  honey,  which  after  evaporation  to  diyness, 
dissolves  only  pirtially  in  water,  leaving  a  basic  salt. 

For  the  nitrates  of  the  platinaunmoniums,  see  Ptatinum- bases,  Ammoniacal. 

Potassio-platinic  nitrate. — When  caustic  potash  is  added  to  a  solution  of  platinic 
nitrate,  only  half  the  ba.se  separates  as  hydrate,  the  regt  as  a  basic  double  salt  of  much 
lighter  colour  than  the  hydrate.  Sodio-p/atinic  nitrate  is  known  only  in  solution.  It 
is  formed  by  decomposing  sodio-platinic  chloride  with  hydrate  of  sodium,  at  a  heat 
below  redness,  waslim^  out  the  resulting  chloride  of  sodium  with  water,  and  dissolving 
the  residual  sodio-platmic  oxide  in  nitric  acid.  The  dark  yellow  solution  yields,  with 
nitrate  of  silver,  a  yellow  precipitate  soluble  in  nitric  acid.     (Do herein  er.) 

PlatinouB  nitrate. — Platinous  hydrate  dissolves  in  dilute  colourless  nitric  acid, 
and  the  green-brown  solution  dries  up  to  a  viscid,  greenish,  dark  brown  mass,  in  which 
platinic  oxide  is  gradually  formed  at  the  expense  of  the  nitric  acid,  and  more  abun- 
dantly as  the  acid  is  in  greater  excess.     (Berzelius.) 

Nitrate  of  Potassium.  KN O*.  Saltpetre,  Nitre,  Prismatic  Saltpt tre,  Potatk- 
nitre,  Nitrum  fixtun. — This  salt  is  very  widely  diffused  »is  a  natural  product,  occurring 
constantly,  though  in  small  proportion  only,  as  a  constituent  of  vegetable  soil,  and 
according  to  Boussingault  (Compt.  rend.  xliv.  10S-119)of  spring  and  river  water. 
It  is  never  found  in  large  beds  like  nitrate  of  sodium ;  but  veins  of  it  occur  in  the 
Handstone  of  Bradford  County,  Pennsylvania  (Ellet,  Edinb.  Phil.  J.  Ivii.  367).  The 
chalk  and  other  recent  calcareous  formations  are  particularly  rich  in  saltpetre.  On 
the  banks  of  the  Seine,  near  Roche-Guyon  and  Mousseau,  there  are  several  caves 
which  are  used  as  stables ;  in  the  front  part  of  these  caves,  looking  towards  the  south, 
the  saltpetre  accumulates,  especially  during  the  summer  season,  and  in  such  quantity 
that  it  is  collected  several  times  in  a  year,  and  continually  reproduced.  Lavoisier  found 
in  the  earth  taken  from  the  cave  of  Fouquiires,  3J  per  cent,  and  in  that  of  Mouseeau,  5} 
per  cent,  nitrate  of  potassium,  after  the  aqueous  extract  of  the  earth  had  been  treated 
with  potash  to  convert  the  nitrates  of  calcium  and  magnesium  into  nitrate  of  pot^tSKium. 

The  saltpetre  caverns  of  Ceylon,  which  are  natural  caves  in  a  dulomitic  rock  ct>n- 
f  aining  felspar,  are  of  especial  importance.    Some  of  these  eaves,  like  that  of  BoulUt- 
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vellegiode,  are  the  f t^sart  of  Ufg«  flock*  of  boti,  vho«e  exereiDetit  eoUect<  in  them :  in 
oibers,  as  in  that  of  Memoon,  thmw  life  ooae  of  th^se  ftnimak.  Bavy  fotiiKl,  in  a 
ppedmi'fi  af  rock  £h>m  thiH  care,  2*4  p^r  cfnL  nitzvte  of  potAacfiiim,  0*7  nitrati^  of  mug* 
Be«itim«  0-2  Bulph&te  of  mamifsmm,  26-5  cafbooato  of  ealdum,  0-4  waiter,  and  60  8  ol 
TMid—  inaohible  in  dilute  nitric  acid,  and  consisting  of  quartz,  mini  and  talc.  Si  mi  jnr 
mwm  «fe  fonnd  to  exuit  on  the  coast  of  the  Adriatic,  in  Ital^  (Palo  di  Mofctta), 
in  TrnnMBM',  Kentucky,  on  the  Minsouri  and  Crooked  RiTeiv  in  North  America,  in 
Africa,  and  in  Tcupriiff. 

In  8i)uth  Amcrieai,  and  in  aomc  districtB  of  India,  Arabia,  Pct^ia,  Spain,  and  Hun- 
gnry,  the  mode  of  occunvncci  of  »iiltpotro  in  Mmofwlut  difl^ri^ut.  In  theae  diiitricta, 
nitrutes  are  fecund  widely  diaaeiniimtcd  throu^^h  thn  noil^  but  never  extending  to  any 
mat  depth  below  th«  surface,  not  lower,  indeed,  than  the  air  c^in  easily  penetrate. 
The  infiltnition  of  luin  and  dew  dissolvi-a  these  aaJts,  and  the  sjtulion  rising  to  the 
•nrface  by  capillary  action,  ia  eru[>onited  by  the  action  of  the  eun  and  air^  and  forms 
an  eflloreaeence  on  the  surface.  In  Ben^cw  saltpetre  earth,  from  the  district  of 
TirhAt,  Davy  found  8*3  per  cent,  nitnite  of  potassinm,  3-7  nitrate  of  caldum,  0  8  sul- 
plute  of  calcium,  02  chloride  of  sodium,  350  carbonate  of  culeiura  with  tmre«  of 
magnesium,  120  wtiter  with  a  little  organic  matter,  and  400  matter  iuFoIuLle  in 
nitric  add.  The  toil  in  some  parts  of  Spain  is  ahio  imprtgnated  with  saltpetre,  an  in 
New  Castile,  Armgon,  Catalonia,  La  Maocha,  Granada,  &e 

The  formation  of  nitric  acid  in  these  aerwul  localities  is  in  all  probability  due  ta 
the  osidation  of  ammonia  (p.  83) ;  for  the  production  of  saltpetre  is  always  found  to 
take  place  most  abundantly  where  there  is  a  large  quantity  of  Tcgetjible  or  animal 
matter  in  a  state  of  putr\>£iction,  or  whom  the  air  contains  a  considerable  quantity  of 
ammonia  resulting  from  such  decompoaitton.  Hence  it  is  that  the  quantity  of  «alt- 
pelre  nnturally  produced  in  tropical  climates  TCiy  far  ezoecda  that  whicb  is  formed  in 
^n^pe,  the  luxuriant  tegetation  of  the  tropica  supplying  a  nerer-failing  source  of  am- 
monia, while  the  high  temperature  and  the  moisture  of  the  air  facilitate  its  oxidation. 
An  indispensable  condition,  however,  for  the  fonnation  of  nitmtes  in  large  quantity,  is 
the  preaence  of  alkaline  or  earthy  bases  to  fix  the  nitric  acid  as  soon  as  it  is  fomii'd: 
in  the  absence  of  huch  ba.'ses  inJied,  and  under  the  redacing  intlaence  of  organic  mitlter, 
nitric  acid  already  formed  may  be  reconverted  into  ammonia:  benoa  the  non-pro^ 
duction  of  nitrates  in  dnng'-heftpa,  where  earthy  matters  are  not  present. 

This  theory  is  quite  in  accordance  with  the  oonditions  which  are  found  ewential  to 
the  artifid&l  production  of  saltpetre  in  temperate  climates,  as  in  the  saltpetre  plantations 
already  described  (p.  83),  these  conditions  being  an  abundant  supply  of  ammonia,  the 
presence  of  earthy  and  alkaline  bases,  fre«  access  of  air,  and  a  mean  temperature  not 
lowwthan  15**— 20° 

Tbe  eolation  obtained  hy  lixiTinting  the  salipftrf'earth  thus  formed  consists,  as 
already  observed,  chiefly  of  the  nitrates  of  calcium  and  magnesium,  with  smaller 
quantitieis  of  the  nitrates  of  potassium  and  sodium,  besides  alkaHne  chlorides.  It  is 
treated  witb  carbonate  of  potassium  (potashes)  to  convert  the  earthy  nitratJes  into 
nitrate  of  |K>tassium,  which  is  deposited  in  an  impure  state  from  the  filtered  solution 
by  crystallisation* 

Natural  saltpetre-earth  is  treated  in  a  similar  manner  with  wood-asbes,  when  the 
earthy  nitrates  predominate  in  it;  that  of  Bengal  however,  which  is  rich  in  nirjat^^  of 
potassium,  does  not  require  this  treatment,  the  saltpetre  being  extracted  from  it  merely 
by  lixiviation,  boiling  and  crystallisation. 

The  crude  saltpetre  thus  obtained  is  contaminated  with  the  chlorides  of  potassium 
and  sodium  (sometimes  to  the  amount  of  25  per  cent)  besides  oi^ganic  (so-called 
extractive)  matter.  To  remove  theee  impunties,  which  are  exoeedingfy  objectionable 
in  all  the  applications  of  saltpetre^  whether  for  t^e  preparation  of  nitric  acid  or  the 
manufacture  of  gunpowder,  the  crude  saltpetre  ii  subjeet^^  to  a  refining  proceos. 

The  greater  part  of  the  chloride  of  sodium,  which  always  const] lutes  the  greater 
part  of  the  impurities  present,  and  is  much  less  soluble  in  boiling  water  than  nitrate 
of  potasetnm,  is  separated  by  treating  the  crude  saltpetre  with  a  ouantity  of  boiling 
water  sufficient  to  dissolve  the  whole  of  the  nitmte  of  potassium,  out  not  the  whole 
of  th«  chloride  of  sodium.  Thus,  suppose  6,000  lbs.  of  the  crude  salt  containing 
0  pep  cent-  chloride  of  ca.lciiim  and  14  per  cent,  chloride  of  sodium  to  be  tn«ted  wit£ 
12,000  lbs.  of  boiling  water;  the  solution  will  then  take  place  in  the  following  manner: 

TliA  lfi,000  Ibd.  of  mmtnr  Sf* 
ca{p«b1e  of  divtoUlot 

IKa.  Ibu 

Chloride  of  potassmm        .  360        ,  684 

Chloride  of  sodium     ...  840         .         .  324 

Nitrate  of  potassium  .         .         4800         .  4600 

6000 
H  2 


\uo 
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Jiiere  will  thcti  f**inaiij,  wIioti  the  wut i>r  has  ceasMjJ  tu  uct,  840    —    321    ^   510  Ib«. 
of  i*liluride  of  «*o(liiini  midiiK»i(jrh'eti-     Tim  nf»iilual  uuU    ia  scoopoU  out  of  Lbc  piiu,  nod 
tlif*  Holutioiit  after  being  diUit4*>l  to  n  c<*rluiti  extent^  is  boiled  with  gla*^  to  coagulato 
the  exlmetiv**  miitters  and  piui^v  ibfm  to  ntnj  as  a  scum  to  the  itiirfiice.     This  banag 
been  removfdl*  the  conccmtnited  solution  is   transferrpd  to  the  crybXullmng  piiii,  in 
which  it  is  left  to  couib  and  na  noou  h.**  erjfetjtllij>alioii   tM^gim*,  tlie  liquid  ii  constantly 
stiiTHl,  so  lis  to  prevent  tho  form  at  ion  oi  lurg^i  cryHtnls  (whit?h  would  indoAf  conai-  , 
dcmble  qnHijtitit'B  of  niotlu  r-liqiior  in  their  cavities)  aud  Gau«?  the  nitj^to  of  potiiasiunu 
to  !M?piir«te  out  in  the  form  of  a  c*rv»lulline  powder  called  «altpiin*jlour.      By  thiil 
m^uufi,  H  lufi^ti  of  minute  er}KtaI«i  ^f  nitmtB  of  pcU^iSfeium  i»  obtitined^  merely  con tami- 
nat<*d  with  iidberiug  motber-liquor,  which  is  easily  remoTrerl,  partly  by  dntiiiinfi;,  &ndl 
linaOy  by  w;i»shiiig  with  a  ^ituruted  solution  of  pure  nitrutr  of  potajssium,  which,  tbougl!L| 
nuiible  to  takft  up  any  roore  of  that  salt,  is  still  en pablc  of  dissolving  the  alknlina] 
ehlorides  contained  in  the  adhering  mother^liquop.     Il  then  only  remaLna  to  dry  tL» 
purified  fiLultpctre  by  heflt. 

Prftducli/m  of  Nitrate  of  Pota*num  from  Chile  Saltpetre. — Nitrate  of  aodiam  \m 
easily  eouTertrd  into  nitrate  of  p>trt«iijuni  by  ttdding  it  to  a  hot  concentrated  aolutiun 
of  carbonate  of  pot mi« ill m.  An  immediate  precipitation  of  carbonate  of  sodium  takeai 
phwe,  and  if  this  be  reniored  as  long  ue  it  continues  to  tfretiarate  on  further  e^-aporatioo, 
and  the  remaining  fu>bittoiJ  left  to  cool  m  tfne  cryi^talliMng  pans,  »altptlre-Jlour  iaI 
(jbtaiiied,  which  merely  nquires  wn«hing  and  drying  as  above  described  to  rr^ndrr  it  J 
pure.  lOD  lbs.  of  nitrate  of  sodium  require,  according  la  the  purity  of  the  salt,  from 
HO  to  too  lbs.  of  carbonate  of  potasaium. 

Thia  mode  of  preparation  is   much  easier  than   those  alremiy  described,  mid  lo^ 
localities  where  potash  is  not  too  expensive,  is  now  exteiiBiTely  adopted.     The  chief] 
diflHeulty  f^xperienced  in  tarrying  it  out  nnstM  from  the  presence  of  common  aalt  i 
I'hile  saltpetre:  for  if   more  i>ut!iiih   be   addi^d   than    ia  rciijoirod   to   decoropoM 
tutratcof  sodium,  theexecss  deeomposea  chloride  of  ^ocliuni  to  no  purpose;  and  in  the^l 
contrary  case,  the  product  i»  likely  to  be  contaminated  with  undeeunn'Oseil  nitra^te  of  I 
«^dium.    The  best  way  of  averting  this  iueouvenicnce  ia  to  purify  the  u  it  rule  uf  sodium 
by  previous  erystmllisatiou. 

Some  mauuftteturt  re  render  the  potaah  caustic  b^  means  of  lime  before  mixiiig  it 
with  the  nitrate  of  aodium,  and  after  ki^pinpr  the  mixed  solution  in  a  stiite  of  ebuUitioB 
fotraoBie  time,  leAve  it  to  cool  slowly  in  a  cloafd  vesseb    Nitrate  of  pot^t^ium  then  crvs-  ] 
l*lliae#  out,  and  cuui^tic  soda  remains  in  solution.  *     i 

In  Belj^ium,  lai^  quacttities  of  saltpetre  are  obtained  by  de^'om poking  nitrate  of  I 
iiodium  with  potash  obtained  from  the  ashes  of  the  beet-root  ^ugnr  muuufaetur«.     Tha 
nit  rate  of  potassium  from  thii*  source  is  very  pure,  and  is  produced  at  a  very  low  price. 

Nitrate  of  sodium  may  idso  be  converted  into  nitrate  of  potassium  by  double  decom- 
ponition  with  chloride  of  pjtasaium  in  e<iuivitlent  pr<ip<;trtioii»  (74  7  pt>'.  KCl  to  86  pta. 
uf  NaNO').    On  evaporating  the  mixed  wibjtion,  cldoride  of  s<:Klium  »eparutefl  out  flwti  I 
while  uitr&te  of  potassium  remains  in  tho  moth»>r-liquor»  and  crystiillises  on  cooling,      i 

Properiies. — Nitrate  of  potassium  is  tlimorphous.  It  usnally  crystallises  from  eon- 
evntrated  aqueouM  Dolution  m  long-tix-Kided  prisms  belonging  ti»  the  t  rime  trie  syatem^and 
frequently  I'xhibiiin^  the  combination  ooP  .  ai>Pto  ,2Poo  .Poo  .  P(fig. 'iCSjCiiYiTALLO- 
oRAf  ut.  }i-  H  7  X  or  the  mm&  without  t*<»  ;  alao  wit  1 1  out  P.  The  com  bl  nations  P  ,  2l*« 
ocP  .  ooPsc ,  and  P  ,  ^f'oo  likewise  occur.  Kjttio  of  axe«  a  :  h  :  c  ■»  0689  :  1 
0-7U1.  P  :  P  in  the  br^chydiagonal  principid  section  =  131**  27'j  (macr.)  ~  91^  2»*}  1 
tbaaal)  =  108°  12' ;  qdP  :  ocp  -  61^0';  t«  :  J?«>  (basiJ)  -  70'»4';  2?go  :  2f« 
(bftSttl)  «*  109.  Cleavage  imperffCt  pimdJel  to  ooP ;  somewhat  ea«ier  parallel  to  Pao.  I 
Speciflc  gravity,  -  211  (Kopp)  ;  2'lt»i^6  (Karsten) ;  2100  (8chiff);  20»(S 
(Schroder).  The  crystals  are  Hnliydroui*,  but  often  eont^iin  mother-liquor  inclosed 
in  thf*ir  cavities^  Nitrate  of  pot«H*iimu  ulso  cry8iaJlise«  in  rhombohednd  forms  resem- 
bling ordinary  calcsfmr.  Frankenheim  (Pogg.  Ann, xcii.  364 J  observed  that  whin  % 
drop  of  saltpetre  aolution  is  kift  to  evaporate  under  the  micTOfseope,  rhomboheiinii  ^ 
crytctals  make  their  appearance,  together  with  tlie  ordinary  prismatjc  cryirtals  ,  if  ii»«  j 
evaporation  takes  place  very  slowly,  the  cr^'Stals  are  almost  wholly  rhoml)ohedral,  and 
tlie*e  if  touched  with  a  prismatic  cryHtjil,  immediately  become  turbid  and  are  coovfrt<?d 
into  a  mass  of  prism  ati<^  crystaJs.  On  the  other  hand  a  prismatic  crystnl  of  sail  pet  rr 
muy  be  converted  into  a  muss  of  rhoml<jbednil  crystals  by  besting  it  nearly  to  its 
melting  point.  All  th*^se  phenomena  may  be  very  distinctly  observed  by  memna  of 
the  polarising  niTcruscope. 

Nitruti^  of  potassium  iu  white,  inodorous,  and  has  a  cooling  bitter  taat^  When 
perfectly  pure  it  dieeoiveii,  aceording  to  Guy-  Lnsfiac,  in  74  pts.  water  at  0"^,  in  ftetrl? 
3J  pts.  at  !r*,  in  l\  pt.  at  45^,  in  Jess  tha i  |  pt.  at  t^O",  and  in  0  4  pt.  at  tOO^, 
According  to  H.  Scliiff  { Ann.  Ch,  Phami.  cvli.  2&3)  the  apeciJlc  gravities  of  aqncoui 
tolutions  of  nitrate  of  potaei*iuni  of  variou*  strtngths  are  aa  follows : 


NI  r  HATES, 
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•elutton. 


21-93 

16-62 
11*08 


Ic  grsvUjr 
of  fottiiion 

1  1683 
11078 
10696 


111  100  pti.  ui 

5-54 
2*77 


or  ■olutiao 

I'OolO 
10337 
10170 


Aemrding  to  Krcmers  (Jahreab.  1861,  p.  61),  the  fpedfie  gmvjty  at  19-6°  of  aolntton 
of  saltp«tre  coDUming  127  per  eeot.  of  saltpetre,  is  I  06i^d;  of  a  237  per  cent, 
BolutkiD,  1*1 27>^.  It  is  ipimngly  soluble  in  squeons  mlcohol,  quitft  insoluble  in  absohite 
alcohol.— Seb iff  (fAi^.  p.  M7)  hm  made  the  Ibllowicig  determinations  of  the  solubilitjr 
of  nitrate  of  potasaiiUD  id  spirits  of  wine  of  Timom  Htrpngtfas  i 


alcohoi  in  100  (it*. 
0 

WmfhtorKNO* 
in)00pu.ar«o1yiton 

20-5 

Wei«ltt  of  Anriydrfmi 

mk-oltolln  lUOpU, 

oUplrit. 

40 

WelirhtftfKNO»in 

tnopu.  oftalutlmi 

«tflurat«d  Nl  Ifi^. 

43 

10 

132 

60 

28 

20        , 

85 

60 

17 

30 

6-6 

SO 

0-4 

(Ser  further,  8tortr*t  IHeticiiary  of  Soiuhitttit^,  p.  369.) 

Kitmte  of  potaosiiiiii  melts  below  a  red  heat  without  loss  to  a  colourless  liquid,  which 
solidifles  on  cooling  to  a  white  opaque  fibrous  mass  called  in  coinmerce  Minrrat 
crystai^  Nitrum  tabviettim,  StttprunAlm:  ihe  commerdal  product  oft«n  Ijowerer  contiiins 
nitrite  of  pottLssium,  in  consequence  of  too  much  heat  havm^  be«*n  ctnplojed  in  tho 
f^ion.  At  a  rml  beat,  saUpetfe  gives  off  oxyg^en  gas,  at  fir^t  tolerably  purt\  but  After- 
wards eonttuninated  with  a  continually  increuaing  quantity  of  nitrogmi,  iind  m  thi^reby 
eoDverted  ftnii  ioto  nitrit**,  then  info  a  mixture  of  protoxide  and  pfroxi*le  of  |<itaKMiiini, 
daltpetre  deflagratefl  in  the  fire  with  ehareoal  and  other  iximbustible  Ixidies  ;  as 
Bulpnur,  pbf*»phoru8,  iron,  «inc,  &e. ;  and  eveji  oxidi»es  gold,  silv^-r,  nnd  plutinnm. 
By  ignition  in  contact  with  cop|>er  foil,  it  is  converted  into  nearly  pnre  protoxide"  of 
potassium,  which  when  dissotvtid  in  water,  yields  caustic  potash.  Iron,  ut  a  red  heal» 
aecompoAes  the  saltpetre  quite  as  easilv  as  copper,  but  the  prcHlnct  is  eoutuminate^l 
with  the  foreign  substaaeea  present  in  the  iron.  (Wdbler,  Ann.  Ch.  Phanu,  txxitvii. 
373.) 

On  the  oxidising  powar  of  a&ltpetfe  at  a  rui  heat  dcpeuds  its  use  in  the  mauufiicturo 
of  gdOpowdt r  (ii.  956),  and  other  uxplosivc  mi^xturea.  It  is  frequently  also  employed 
in  the  preparation  of  iucifer  maU'hes  inst^tid  of  clilorate  of  pobisfikium,  and  bus  the  ud* 
vantage  of  producing  a  composition  which  ignites  by  friction  without  the  iDconveniout 
and  dangerous  projection  of  burning  particles,  which  oftm  takes  place  on  the  ignitiun 
of  ordinary  matches  made  with  the  chlomte. 

Vaiuiithn  of  Sa/tprtre, — ^For  the  vuriou*  applications  of  saltpetre,  and  eepecis Hy  for 
the  manufacture  of  gunpowder,  it  is  important  to  possess  a  ready  method  of  avccrtaining 
its  relative  purity.  One  of  the  oldeiit  meth<Mls  it  that  of  Schwarz*  adopted  in  Sweden, 
which  is  based  upon  the  appearance  of  the  fractured  surface  of  the  melted  salt,  that  of 
pure  nitrate  of  potassium  being  coare<  ly  radiate,  whereas  when  chloride  of  stadium  is 
present^  this  structure  becomes  less  di&tinct^  and  with  3^  per  cent,  of  thut  i»ult,  is  risible 
at  the  edges  only,  the  inttTiur  of  the  mass  being  amorphous.  This  crude  method  is 
called  the  rtfracthn  */  fniijtftrf,  a  term  which  Ims  been  som*  what  strangely  extended 
to  other  mcthodfc  of  valuation.  In  France  Rif fault's  method  is  sometimes  utwil, 
which  consists  in  washing  a  weighed  quatitity  of  the  saltpetre  with  a  saturated  solution 
of  pure  nitrate  of  potassium  at  16^  ;  this  solution  extracts  the  cldundes,  leaving  the  pnr%* 
nitrate,  which  is  draiursl  from  mother-liquor  on  slabs  of  gypsum,  then  dried  and 
weighed.     This  metho<l.  like  the  preceding,  can  give  only  rough  approxi  mat  ions. 

A  more  exact  method  ih  that  of  Gay -L us  sac,  which  consists  in  igniting  1  pt.  of 
the  taltpelfe  with  }  pi.  charcoal  and  4  pts.  common  salt  to  moderate  the  action.  The 
nitrate  is  thereby  ooa verted  into  carbonate,  the  amount  of  whidi  can  be  estimated  by 
titration  with  t^tandard  sulphuric  acid.  Errors  may  however  arti«  in  this  poecss,  p«rUy 
from  a  portion  of  the  nitrute  remaining  undeeomposed,  partly  from  formation  of  cyanide 
q(  poiaiHiiuni;  but  actxinling  to  Abel  and  Bloxam  (Chera.  Soc  Qti,  J.  ix.  97),  ex- 
act results  mavbe  obtnined  by  the  use  of  veiy  finely  divided  carbon,  namely  Brodie's 
prepjired  graphite  (i.  7o8),  the  proportions  being  20  pts.  sjiltpetre,  6  grtipliite,  and  80 
«Monde  of  sotlium.  If  the  suUptlre  contains  sulphates,  which  will  Lm'  reduced  to  *iul- 
phide«  by  ignition  with  carbon,  a  small  quantity  of  chlorate  of  potassium  must  l>i^ 
f»priukl««(1  on  the  surface  of  the  mass  immediately  after  removal  from  the  fire;  the  sul- 
phides will  be  thereby  completely  reconverted  Into  sulphates^ 

The  quantity  of  nitrate  of  (Njtjuisjum  in  a  aamjile  of  commercial  saltpetre  may  also 
W  Intimated  by  Telouae's  nut  hod,  depending  on  the  oxidstion  of  ferrous  chloride  by 
nitric  ncid  (p.  »7),  or  by  igniting  the  saltpetre  with  *ilicji  or  anhydrous  bomx  (p.  86). 
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In  AuBtria,  saltpetre  is  assayed  by  the  method  of  Husi,  founded  on  the  Taryhig  so- 
lubility of  nitrate  of  potassium  in  water  at  different  temperatures.  6  oc.  of  tlie  saltpetre 
to  be  tested  are  dissolved  in  12  oa.  of  water  at  fi(PC„  and  the  temperature  is  observed 
at  which  the  liquid  just  begins  to  deposit  cirstals.  The  percentaffe  of  nitrate  of  potaa- 
sium  is  then  determined  by  the  following  table,  the  results  not  being  aflfocted  by  the 
presence  of  chlorides. 

CryttaUising  points  of  iolutums  of  Nitrate  of  Potassium  qfwurious  degrees  of 
concentration. 


Tenper*- 

tur«. 
Reaumur. 

Quantity  of 

pure  SAltpetre  In 

lOOperUofthe 

MluUoa. 

Quantity  of    1 
pure  saltpetre  in 

Tempera- 
ture. 

Quantity  of 
poresaltpeOvlD 

i«;j««»»y~Jo 

100  parts  of  ttae 
•ample. 

Reaumur. 

100  parts  of  the 
solution. 

100|>aru«^tlM 
sample. 

+  80 

22-72 

667 

+ 14-250 

3000 

76 

8-26 

22-63 

66-3 

14-50 

30-36 

76-9 

8-50 

22-80 

570 

14-76 

30-72 

76-8 

8-76 

2308 

67-7 

16 

3109 

77-7 

9 

23-36 

68-4 

16-26 

31-46 

78-6 

9-26 

23-64 

691 

15-50 

31-83 

79-6 

9-60 

23-92 

69-8 

15-76 

82-21 

80-6 

976 

24-21 

60-5 

16 

32-59 

81-5 

10 

24-61 

61-3 

16-25 

83-97 

82-4 

10*26 

24-81 

62 

16-60 

33-36 

83-4 

10-60 

26-12 

62-8 

16-75 

33-76 

84-4 

10-76 

26-41 

63-6 

17 

34-15 

85-4 

11 

26-71 

64-3 

17-26 

34-56 

86  4 

11-26 

26  02 

65 

17-60 

84-90 

87-4 

11-60 

26-32 

658 

17-76 

36-38 

88-4 

11-76 

26-64 

66-6 

18 

3681 

89-5 

12 

26-96 

67-4 

18-25 

36-25 

90-6 

12-25 

27-28 

68-2 

18-60 

3670 

91-7 

12-60 

27-61 

69 

18-75 

37-16 

92-9 

12-76 

27-94 

698 

19 

37-61 

94 

13 

28-27 

70-7 

19-26 

3801 

95-2 

13-26 

28-61 

71-5 

19-60 

38-65 

96-4 

13-60 

28-95 

72-4 

19-76 

39-03 

976 

13-75 

29-30 

73-2 

20 

39-61 

98-8 

14 

29-66 

74-1 

20-25 

40 

100 

According  to  F.  Toel  (Ann.  Ch.  Pharm.  e.  78)  Husz's  method  gives  exact  results 
only  when  40  pts.  of  the  saltpetre  to  be  tested  are  dissolved  in  exactly  100  pts.  of  water 
at  46°  R.  (56|  C.  or  133^  F.),  the  solution  subsequently  cooled  by  immersing  the  vessel 
in  cold  water,  and  the  temperature  at  which  crystallisation  begins,  carefully  observed, 
the  solution  IxMng  constantly  stirred  as  it  cools.  To  ensure  the  right  proportion,  the 
saltpetre  is  dissolved  in  the  proper  quantity  of  water  contained  in  a  tared  beaker  glass 
with  a  thermometer  inserted,  and  heated  to  46° — 60°  R  in  a  water-bath,  the  water 
which  evaporates  while  the  salt  is  dissolving  being  replaced.  The  solution  is  filtered 
to  remove  any  solid  particles  suspended  in  it,  which  might  cause  the  crystallisation  to 
take  place  too  soon,  and  the  first  half  which  runs  through  is  used  for  observing  the 
temperature  at  which  crystallisation  begins.  With  10  drachms  of  saltpetre  and  26 
drachms  of  water,  the  quantity  of  water  which  evaporates  during  the  operation  gene- 
rally amounts  to  8  or  10  grains,  and  that  which  is  lost  during  the  cooling  and  stirring 
to  2  or  3  grains. 

By  this  method,  Toel  and  Hoyermann  also  determine  the  amount  of  nitrate  of  sodiuBi 
in  nitrate  of  potassium,  an  impurity  which  generally  exists  in  the  salt  prepared  from 
Chile  saltpetre,  in  consequence  of  imperfect  decomposition.  The  amount  of  nitrate  of 
potassium  is  first  determined  in  the  given  sample,  exactly  in  the  manner  just  described; 
then  about  7^  drachms  are  dissolved  in  25  drachms  of  water,  a  drachm  of  carbonate  of 
potassium  is  added,  the  crystallising  jK>iDt  is  observed,  and  the  solution  is  boiled 
for  an  hour  to  convert  the  nitrate  of  sodium  completely  into  nitrate  of  potassium.  The 
solution  is  now  left  to  cool  to  60°  K.,  the  water  being  replaced  as  it  evaporates,  then 
filtered,  and  the  crystallising  point  again  observed.  If  the  sample  contained  nitzate  of 
sodium,  the  crystallising  temperature  will  now  be  found  higher  Xhxa  before,  tIz.  0-16^ 
R.  for  1  per  cent  of  nitrate  of  sodium,  0*36°  R.  for  2  per  cent,  0-8°  R.  for  3  per  eent 
and  1-66^  R.  for  4  per  cent 
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Th«  A^mount  of  nihuie  of  lodiam  io  salt  petit*  may  also  W  approximately  flftermiDf^d 
by  aecerlAiniog  the  qtuuidty  of  water  which  il  alwiorbawbcti  eijioscd  to  an  fttniosphero 
Battinited  with  mobturc.  According  to  the  ol^rrvnttons  rando  by  tho  PniswiaB  omcers 
of  afttllery,  it  appears  that  pure  nitrat**  of  potaaniiim  expo!*<>d  over  the  Burfu^^e  of  watfr 
foit  fbttitwii  daya,  pemains  (MJtnparatiTely  dry,  whiUt  ait  rate  of  sodium  placed  tinder  tJie 
mne  cireuniBtanoen,  absorbs  26  per  cent,  of  water.  When  artifietal  mLxtun-a  of  the 
two  lalfM  in  a  pure  f,u\%  are  tubjected  to  the  sunie  trefttment,  thi?  qnuitities  of  water 
absorbed  an^  as  fuUowa : 


of  nitmte  of  eodium       \ 

0-fi 

I 

'   • 

10    1 

Absorbed  id  U  days 

2*5 

4 

10 

12 

19 

Water,  par  cent 

All  gimpowder  ooDtaimRe  ^^  variety  of  aaltpetre  would,  of  confw,  beeoftie  moufi 
jti  thr  Mamf  proportiooia,  and  would  thus  be  rendered  afleleea, 

A  third  method  of  determiuatioii  La  baaed  u^ou  the  altetnitioD  which  an  admixture 
of  nitrate  of  eodinm  produck^a  in  the  aolidi^ing  point  of  eallpetr**  beated  above  ite 
melting  point.  Nitrate  of  |K>t*88iuin  melu  at  368^  C,  (674  4*=  F.K  and  nit  rati?  of 
iodinm  at  313^  C.  (60«r4**  F.).  For  mixtures  of  100  pta,  nitrate  of  |<jtassium  i^ith 
diflbrent  proportions  of  nitrate  of  sodiain,  the  foUowi  iig  melting  points  hare  been 
obsencd. 


QitAdtltlrt  of 

Quanlkftfi  of 

iaJiO*  added 

NaNO^  udd*^ 

4U  I0l>  |.*». 

to  im  (*«. 

KS(P. 

Mr>tiii<poltiti. 

M4>ltlng  potntt. 

10  pta,     . 

.  3ll<>  C-   5nB^V. 

60  pta.     , 

♦   229''  a  =    444-2'^ 

20     „       , 

.  280         »  586 

60     „       . 

.  244         -   471 '2 

30     „       * 

.  250         «   482 

70    ,.      . 

.  262         -    603'<J 

40     „       . 

.  230         «-   446 

m    „      . 

.  281         -    637*8 

45-7,,       , 

.  226         -  438 

90    „      . 

.  298         =   668*4. 

Thf«  lowest  melting-point  ta  esdiibtted  l»y  a  mixture  of  the  two  salts  in  f^uiralont 
proportionM  (46'7  per  ct-nt,  of  nitrate  of  sodium),  which,  according  to  Schaffgotach,  melts 
at  226*^  C,  and  according  to  Person  at  219  8^, 

^^niall  quantities  of  nitrate  of  soditim  mixt'd  with  nitrate  of  potassium  may  be  div 
tectrd  by  the  yellow  eotour  which  sodium-compoiinds  impart  to  the  bloicptpe  iLtuie,  or 
titiU  Iv'tter  by  sfwectral  analysiii  (iii.  622), 

Rmall  quantities  of  chlorides  tometiraej  present  in  refined  saltpetre  are  easily  de- 
h'rti'd  by  nifmte  of  silver  and  (■^tin1lllt(>d  by  mean»>  of  a  stHLniltird  solution  of  that  eyitt, 

lWt*>f'$  ffitlkod  for  ike  cmnpltU  analysis  of  Saltmtre  (H<^p.  Chim,  app.  1861,  pp. 
263,  366). — The  quantity  of  water  if^  first  determined  by  heating  60grm»,  of  the  aatt- 
pt'tTi*  in  a  platinum  crucible,  and  weighing  it  after  cooling,  care  being  taken  that  the 
heat  does  not  rise  much  at^OTe  the  mcltiDg  paitit  If  the  saltpetre  contains  nitrate  of 
oUdiLm  or  niagnesinm,  1  grm.  of  diy  chromate  of  potassium  must  be  add«3d,  to  prevent 
the  decomposition  of  these  salts. 

To  determine  the  inHiluble  matters*  the  fused  maas  is  treated  with  wafer,  tht  liquid 
6U(  rt^l,  and  the  undissolved  matter  wasbe<l,  dried  and  weighed.  The  liquid  i«  th<*n 
tfoneentrated  to  a  detrrminute  volume,  N-  The  cltlorhlrs  are  estimutt^  in  this  solution 
bv  mean**  of  two  standard  silver  wjlutionPi,  one  coiifaining  27  gmin.,  llio  oth»r  2  7  gmu*. 
of  mlri'f  in  a  litre,  A  cubic  centimetre  of  the  foniuT  c<>rr<'Fjionds  to  U'01466  grm,  of 
chloride  of  sotlium,  or  to  001864  grm,  of  chloride  uf  potassium. 

The  tiifphatfn  are  likcwim^  estimated  vnlu metrically  by  means  of  a  standard 
Hflufion  of  chloride  of  barinm,  eontainiug  269  8  grammes  of  this  salt  in  a  litre,  and 
thcHi^fore  corresponding  tu  0179  CTsmme  of  sulphate  of  Mxlium  or  0*208  pr'*tnme  of 
sulphate  of  potawfium*  To  make  the  (Ictcmiination,  200  rHbie  c»  ntim»  Ires  of  the  ^solution 
K«  are  mixed  with  a  few  dn:»ps  of  acid  in  a  pbttinum  tllah,  then  heati:^!  to  iMMling,  ami 
the  standard  solntion  is  cuutiotisly  added  in  slight  exc(*s.  The  saltpetre  fiolutjon  N  ia 
then  gradunlly  added  from  a  biuette  to  the  liquid  rojjtjuned  in  the  dii^h,  till  the  eicetiii 
of  the  baryta- f^olnt ion  h  decomposed  and  the  whole  of  the  baryta  prt'cipitateil.  This 
last  operation  is  rather  IctliouA,  because  the  liqnid  does  not  easily  cWify,  and  it  is  ne- 
cessjiry  to  filter  a  sample  from  ti  me  to  tim  e.  From  t  h  e  propurt  ion  liet  ween  t  he  total  Tolumo 
of  the  liquid  N  used  in  the  experiment,  and  the  vuhinie  of  baryta-f€>lution  prej*ent,  iho 
iinionnt  of  sulphate  in  the  Sidfpt'tre  may  Imj  calcubit<Mi.  The  ytttric  itcid  is  e&timated 
bv  ignitinp^the  ftised  saltp't  r**  wfl  h  acidchnimut*-  of  [M^t.is.'^iunK  the  loss  of  weight  giving 
«hc  quantity  of  niJric  unlfydrifh' ;  ur  fh*'  f^^timation  may  be  made  by  any  of  tbemethodif 
already  given  for  the  analysis  of  nitrates  (pp.  85- 80). 
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NiTfiATi  or  Hhobiitjil  Sesquioxide  of  rhodium,  or  the  correnpooding  hydrate, 
form»  with  nitric  add  a  dark  red  §olution  which  jfelfiii  a  dHiqne«c^tit  salt  of  thn  anme 
colour,  SudiO'thodie  nitrate^  NaRh'"N*0'^  forma  dark  red  crystali,  eaailjr  soluble  lu 
water,  insoluble  in  alcohol.    (Be r jc e H  u s.) 

NiTBATE  OF  Rubidium,  KbND*,  crfstalliaes  in  hexagonal  combinations,  P  ,  ocP  . 
P2  .  odP2,  in  which  the  length  of  the  principal  axis  i»  0'7079|  and  the  angle  P  :  P,  in 
the  terminal  edges  =  143"^  H',  in  the  lateral  edges  =  78°  40'.  It  dissolrea  in  5  pe«. 
wat«r  at  0°,  and  in  2  3  ptB*  at  10*=.  Behaves  like  aultpetre  wben  heated.  (Kirch off 
and  Bnnsen,  Phil.  Mag.  [41  xxii.  55.) 

NiTBATB  ofSiltbr.  A^NO*,  Lunar  ca  tuiic.  Lapit  in/ernalu,  HolknMUin, 
—When  a  piece  of  pure  silver  m  eiuipended  iu  nitric  acid,  it  disaotres  for  a  time  with- 
out elTerveseenee  at  a  low  temp^niturfv  nitrons  acid  beini*;  produced,  which  coloura  the 
liquid  blue;  but  if  heat  be  applied  or  the  temperature  allowed  to  rise,  the  metal 
dissolves  with  violent  effervescence,  from  the  escape  of  nitric  oxide.  The  nitrate  of 
iilrer  crystallises  on  cooling  in  ct^lourless  anhydrous  crystals  Wlongingto  the  trimetric 
system.  Ratio  of  axf-a,  a:  b:  e  =  DtJ433  :  1  :  I '370.  F  :  P  (braehyd.)  «>  104°  18'; 
(macr.)  -  98^*  61';  (basal)  =  126'' 48';  «f^2  :  ocp2  (bsSiil)  ^  60°  30V  Opdinary 
combination  P  .  oP  .  oofi  ;  often  with  four  P-faces  lying  in  the  same  aone,  m  much 
dercloped  that  with  the  two  bitsal  faces  oF,  they  give  the  crj'stal  the  aspect  of  a  aix- 
sided  prism,  Nitntte  of  silver  ip  lioltibla  in  1  part  of  cold,  in  |  part  of  hot  water,  and 
in  4  parts  of  boiling  alcoboL  The  solution  does  not  redden  iitmus  paper  like  moflt 
metallic  salts,  but  is  exactly  neutruL  Nitrate  of  silver  melts  at  219°,  and  forms  il 
erjNtalline  moas  on  cooling  ;  it  is  cast  into  small  cylinders  for  the  use  of  ^uj^eons.  In 
this  state  it  is  sometimea  adultenited  with  nitrate  of  potas*tium,  which  may  be  detected 
by  the  alkaline  residue  which  the  salt  then  leuvpg  wht*n  heated  before  the  blow-pipe — 
or  with  nitrate  ot  lead,  in  which  C4*fe  the  polntion  of  the  salt  is  precipitated  by  iodide 
of  potjissium^  of  a  full  yellow  colour.  When  applied  to  the  flesh  of  animals,  it 
instiiiiily  destroys  the  organisation  and  Titality  of  the  part.  It  forms  insoluble  com- 
poundit  with  many  kinds  of  animal  matter,  a^nd  tJi  employed  to  retnove  it  from  solution, 
Wben  organic  substances,  to  which  a  solution  of  nitrate  of  silver  has  been  applied,  are 
exposed  to  lig^litj  they  bfMSome  black  from  the  reduction  of  the  silver  to  the  metallic 
state*  A  solution  of  nitrate  of  silver  in  ether  is  employed  to  ilye  the  hair  black*  One 
part  of  nitrate  of  silver  and  4  parts  of  gum  arabiL*  dis?*olvi^d  m  4  parts  of  water  and 
blackened  with  a  snuill  quantity  of  Indian  ink,  form  the  indelible  marking  ink  used 
for  writing  on  linen  (iii,  272). 

Ammoni&'mtralie  nf  SUvcr.—A  strong  solution  of  silver-nitrate  supersaturated  with 

ammonia  yields  the  compound  AgN0*.2NH*  =  KO*  f  q  in  shining  rhombic  crystals, 

exhibitin;^  the  combination  o&P  .  ocPoo  ,  I*oo .  It  is  very  soluble  in  water,  permanent 
at  100**,  but  decomposes  at  a  higher  temperature,  giving  off  nitrognn  and  ammonia. 
Dry  nitrate  of  silver  aVisorbs  ammonia-gas  iu  sucb  proportion  as  to  form  the  com- 

pound  AgK0»,3NH'  -  NO*  \  f^  ,.  which  is  a  white  coherent  mass,  soluble  iu  water  aod 

H«  )  ^ 
giving  off  its  ammonia  when  heated. 

Double  Sail 6  a/  Silvcr-nitrate.  «.  With  Ctfpric  Cifanide. — Formed,  ac- 
cording to  E*'n;eliiis,  whtn  a  solution  of  silver-nitrate  is  poured  upon  cupric  cyanide 
recently  prfcipitnted  from  the  nitrate.  It  is  black,  insoluble  in  water,  and  deflagratea 
with  a  (jreen  light. 

B.  With  Min-uric  Ci/anide.  2 AgN0".HhgCyl4H'0.— Crystallises  fVom  a  warm 
mixed  solution  of  the  two  salts,  in  large,  limpid,  nacreous  prisms  resemMine:  saltpetre, 
spjiringly  soluble  in  eold,  easily  soluble  in  warm  watt-r  anfi  filcohob     (Wohli^r.) 

7.  With  Mercurir  Nitrate,  Hhg"N^O*  2AgN0*,  Prisms  soluble  in  water  without 
decomposition.     ( W  o  h  I  e  r. ) 

I.  With  Bromid"  of  5i7 tvr.  AgNO'.AgBr. — Formed  hy  melting  the  component  salts 
tijgether  in  atomic  proportion.  Solidifirs  info  a  crystalline  mass  at  182^  (Schnauss. 
K  rem  era,  Jshresb.  1855,  p.  419).  According  to  R*iche  {ibid.  18o8,  p.  207)  and  Riase 
{ihid.  1869,  p,  229),  it  separates  in  silky  nefH^les  from  a  solution  of  bromide  of  sOrer 
in  a  hot  concentrated  iMjlution  of  the  nitrate* 

t.  With  Vhioridt'  of  Silptr,  PeparHtrs  in  slendfr  prismatic  needles  from  a  solutiofi 
of  the  chloride  in  a  hnt  saturated  solution  of  the  nitrate.     (Risse.) 

f  With  Ci/anidr  vf  Silvrr.  AgNO'.AgCy.— When  recently  precipitated  eyanide  of 
silver  is  di**olved  in  a  boiling  poncentrated  sulution  of  the  nitrate,  this  double  salt  it 
deposited  on  slowcnoling  in  slender  needles  having  a  strong  lustre.  It  is  decomposed 
by  water,  m**lt5  whfn  heated,  and  then  detonatee  with  great  force,  leaving  silver  con- 
taining cyanogen. 
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i».  With  lodid$  of  Silver. —  Tho  eompnuDd  2AgNO*.AgT  i<*pAratcf»  in  nacrvoiif 
ne«<11^0hikped  cfjtUilfl  from  a  nuluttaii  of  iodide  of  silver  iq  n  boiling  cojiceiitrattHl 
Boktionof  themtnite(Weltxirti,  Ann.  Ch,  Pharm.  xcv.  127).  According  to  H.  KiaHe 
(Jabresb,  1869,  p.  228),  it  is  Wst  pr<*parM  by  melting  the  comix»nent  milts  togt^th^r  in 
the  rtcquired  proportions,  treating  the  re^ulttng  muss  with  »  little  l)oiling  waN»r,  and 
Jenving  the  oilj  tx)dj^  which  i^ttlos  to  the  bottom  to  crystftUiae  on  cooling.   It  bliickens 

I  expocur*  Co  light,  melt*  at  1U^°,  lolidifiM  again  at  98<^,  dissotvea  in  a  small  quantity 
!  waUt^  bnt  is  deoompoaed  by  a  larg«7  qoAntitY  and  by  alcohol. 

Another  iodonitrai^,  AgKO'JLgl,  ia  obtained  by  heating  a  moclfinitely  strong  acid 
solution  of  the  nitrate  with  iodide  of  flilver,  and  boiling  the  resulting  mass  for  a  long 
time  with  nitrate  of  Klrer  and  nitric  acid-  It  then  sepnmtefi  in  needles  whidi  melt  at 
»4*»  (SchnausB,  Kr«mers,  Jahr^aK  1855,  p.  429),  According  to  R  i  c  h  e  (t^'rf*  1858, 
p.  207%  tho  pflodnct  thus  obtained  is  rery  unstable  ;  and  a<fcordtng  to  Kiss e  {toe.  ctL) 
It  ifl  merely  a  mixture  of  the  precodiog  siilt  with  iodide  of  silrer. 

B.  With  Nitraie  of  Sodium, — A  solution  of  nitrate  of  sod! tun  mixed  with  excMS  of 
nitrate  of  silTer  deposits,  first  tabular  cryirtals  of  yilvpr-nirmte,  and  Rft»^rwTirds  rhorabt)- 
hedral  crystals,  harfng  the  form  of  sodium^nirrut*'  but  contrtiuing  the  two  salts  in  Tarious 
proportions;  from  2  to  4  at,  NaNO"  to  I  at.  AgNO*.     (H.  Rose,  Pogg.  Ann.  cil.  436.) 

NiTBATi  OF  Sodium.  NaNO>.  Cubie  Saltpetre,  Chile  Saltpetre.  Nitre. — 
Thifl  salt  occurs  abundantly  in  South  America  aa  a  natural  miupnil.  In  the  di»lrk-t  of 
Tarmp«ca,  Northern  Chile,  the  dry  pumpa  for  40  leagues  at  a  height  of  3,300  fi*i»tab*iTo 
the  sea,  is  coTered  with  beds  of  it  sereTiil  feet  thick,  associated  with  g^'^psum,  common 
salt,  sulphate  of  sodium,  and  remains  of  ancient  shells,  indicating  the  former  preisenco 
of  the  s«a.    The  foUoiring  are  analyses  of  the  crude  nitre  or  Otltchr, 

HAjei.  Rlcliard«on  iind  DroweJU 

Kitrate  of  sodium 

Sulphatr  of  sodium 

Sulphate  of  calcium 

Sulphate  of  ma^Hsinm 

Chloride  of  sodium 

Iodide  of  Bodium 

Insoluble  matter 

Hoiature  .... 

A  sample  from  Chile,  analysed  by  Ilochstptter,  whs  found  to  contain  94"3  percent,  of 
nitrate  of  sodium,  the  remainder  boing  compos*»d  of  2  0  chloritio  of  Kcdium,  0  2  sulphuto 
of  potaasium,  04  nitrate  of  potassium,  09  nitrate  of  magnesium,  20  Ti-attr,  and  U  2  in- 
soluble mutter. 

The  crude  nitrate  is  refined  by  solution  and  crystallisation.  The  best  refined  nitre 
of  commerce  has  been  found  to  oontnin  97*70  ^t*T  cent,  nilmte  of  sodium^  1  84  chlondn 
of  sodium,  0'35  imlphate  of  sodium,  and  Oil  water.  The  commeirial  salt  frequenlly 
however  contains  not  more  than  9^0  to  92  per  cent,  nitrate  of  sodium  ;  smal]  qiKinriu«<i>i 
of  iodide  and  iodate  of  sodium  are  of  frequent  occnrrence  in  it,  in  lulditiun  to  thtt 
foreign  salts  above  mentioned.  The  great  solubility  of  nitrate  of  soditmi  renders  it 
difBcult  to  purify  from  common  salt;  acc«jrdinglrthe  commercial  nitrate  almost  always 
contains  about  2  per  cent,  of  that  imparity.  The  best  mode  of  purifving  it,  on  the 
»*mall  scale,  is  to  heat  the  pnlrerised  suit  with  nitric  add  ;  the  chlori(fe«  are  thereby 
di'*-tn^yed,  and  by  solution  and  recrystallisution  the  nitnite  is  obtainod  pi'rfrctly  pare. 

Nitrate  of  sodium  ccjstidlise^  in  obtuse  rhombohedrons,  which  on  curKiry  inspection, 
lirtve  Tery  much  the  aspect  of  cubes  :  hence^  the  name  cufnc  xaltpttrr.  The  length  of 
the  principal  axis  is  0*8276.  Anglo  R  :  R  in  the  terminal  edges  =106^  33'.  Cleavage 
very  impcTOct  parallel  to  R  Specific  granty  «  224  (KonpX  22266  (Karsten), 
2  256  (Schroder).  It  absorbs  water  from  moist  air,  and  nJssolTes  paiily  in  wnter. 
producing  considerable  fall  of  temperatiare.  1  pt.  of  the  salt  diseolTcs  in  1-25  pt.  wat<«r 
«tO^(Mar3tl  in  M36  pt.  at  18-75^  (Karsten).  in  M4  pL  at  1  85°  (Kopp).  The 
sal  united  solution  hoiLs  at  122^  (Kremers).  The  specific  f^raTilies  of  solutions  of 
ij  if  rate  of  sodium  of  various  strengths  are,  according  to  8  c  h  i  f  f  ( Jahresb.  1868,  p.  38), 
H«  follows: 

WHshtof  KsNO* 
lu  irwpiu.  water. 

46-48 

3099 

20  6fi  , 

According  to  Kremert  {%hid,  1861,  p.  61),  the  specific  gravity  at  19  5*^  of  a  solution 
containing  177  percent,  nitrate  of  »K)dium  is  11062;  for  349  |>er  ctint.,  1*1930;  for 


64-98 

43  14 

36-37 

27*85 

6»*i 

300 

26-30 

1167 

43-20 

0-68 

, 

1-36 

1'36 

068 

. 

trace 

truce 

4*20 

28*69 

1140 

44*80 

18*30 

88-70 

0-63 

2-70 

1030 

3*30 

0-32 

003 

. 

7-50 

2-60 

600 

360 

lOOOl) 

lO^JOO 

lOO-OO 

100-65 

09-83 

Sp(>cifle  gT*»Hy  of 

Wi»»ht  nf  N»VO» 

Specific  iT«»lij  t^f 

solution  at  90*V°'. 

in  100  |H*»  water. 

1-3806 

16-60 

11076 

1-2326 

10^33 

10698 

11478 

5-16 

1-0342 
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6\9  per  cent.,  1-2CIU  ;  fur  71 '7  per  tmt.,  r33o4.     Scbiff  (f&R  18(il,  p.  87)  has  also 

detemiiiif^d  the  »oluhilily  of  iiitrulc  of  aodiimi  in  epirit  uf  wine,  of  Titrii*us  Gtrengths  ; 

tho  rf?»ultfi  lire  as  follows  : 

W«Mfhl  of  K»NO» 
in  J  00  ptt.  of  Mjlutjon 

39'5 


Weight  or  anhydrous 

alcahfi)  In  KM)  (>(«. 

ortpirit. 

0 

10 

20 

80 


37  8 
26-2 


Wrifht  of  anhTdrouA 

■Icobol  in  100  pu>. 

oftpirit. 

40 

60 

80 


w<HfthtofN«»ra^ 

hi  lou  pti,  or  loiuiioa 

MtuntH  at  Jfi^* 

205 

10-2 

27 


100  ptSw  wood-spirit  containing  40  per  cent,  mcthjrHc  alcgluol  dissolfe  24*4  pti,  nitrata 
offlodinm     (Scbift) 

[Respecting  the  solubility  of  nitrate  of  sodium  in  rarioufi  liquidji^see  fnrtber  Si4Hrr*9 
Dictwnnry  of  SolubUitks,  p.  394.] 

Nitnite  of  Bodium  melts  at  a  inixii-mle  heat  (310^  according  to  Person),  and  solidlfiea 
to  a  white  muss  on  oooliiig  (tit  313°  at^xirding  to  Scha0got«ch);  at  a  r«d  h«*4it  it  ia 
decompoaed  in  Iho  same  tuanucr  ns  nitrate  of  potaasium,  but  more  caaily.  It  dc^* 
flagrataa  with  charcoal  and  other  combustible  bodies,  but  not  &o  quickly  us  ciitrate  of 
potassium.  On  this  account,  as  well  as  frgni  its  hygroscopic  character,  it  cannot  bf  uavl 
instead  of  nitrate  of  potaf-aium  for  the  manufacture  of  gunpowder.  According  to  sfoma 
authoritif'^,  howevfr,  pure  nitrsite  of  iMxliuiii  is  not  nt  all  hygroscopic;  and  indeed, 
it  is  Komettmca  ust'd,  after  xcry  careful  purificalioc,  for  tlm  prcfianition  of  blaisting 
powder,  which  i«  uot  required  to  burn  ao  quickly  as  f^porting  or  war  powder.  It  haa 
alio  been  propostHl  to  add  anhyflruua  sulphate  of  sothnm  or  magnesium  to  gunpowd«T 
prepared  with  nitrate  of  Hodium,  to  counti^ract  the  hygroscopic  tendency.  (Sea 
Hichttrdson  and  Watts' s  Chemicat  Tccknolo^i/^  vol.  i.  pt.  4,  p.  435.) 

Nitrate  of  6«Kiiurn  is  cxt<5nbively  used  for  the  preparation  of  nitric  acid,  and  for  eon- 
version  into  nitrate  of  potaasium  (p.  100).  The  crude  salt  forms  an  excellent  toannre 
for  grai*a  land, 

NiTiiATBOFSTKONTiUK,  firND*  or  yar^NW. — Prepaird  like  nitrate  of  lunrium. 
Spparat^s  from  a  hyt  conc**ntrated  aolutioa  in  anhydrous,  from  a  cold  and  mure  tliluto 
90mtJon  in  hydrated  crystals.  The  anhydrous  salt  crystallises  in  oetaho<li-oas  and  fubo- 
octtthtHirona  of  sp.  gr,  2306  (B  uig  not),  baring  a  cooling  pungent  taste,  soluble  in  5  pta. 
cold,  and  ^  pt.  hoiliug  water;  it  decrepitatefr  when  heated, and  melta  when  red-hut^dfojjn- 
pjsing  at  the  same  ti  me,  and  hnvingft  residue  of  stront ia.  Wlien  thrown  on  glowing  cuals 
it  detonates  bliglitly,  with  a  nd  flame.  The h^druhd  wdt,  Stjr'N^O'.ail -O  (L a n  r e ii  t )» 
with  411^0  (Sou  eh  ay  and  LenKsen^  Ann.  Ch.  Pharm.  icix.  45),  also  Ordway 
(Jahresb.  1869,  jk  Uu),  forms  etflorescent  crystaLs  l>eIong]ng  to  the  monociinic  system. 
Ratio  of  axes  ajt:  c=  0  5895  :  1 :  0808.  InclinatiyUH  of  htoc  =  f}\°  25';  ct.V  :  »?  in 
the  orthodiagonal  principal  section  —  113*^4t>'j  +  Poo  i  principal  axi.^  -^  f>7'^22';ol*: 
oeP  =  76-' 20'.  Oi^iuQry  combination,  acP  .  oP.  +  Poo  (likf  fig, 320,  CftYSTALLt>GiiAPinr, 
ii.  166),  or  opP  .  ocPS  .  oF  .  ^  Poo  .  Nilmte  of  strontium  isn^ed  for  the  pr»?pamtion  of 
red  fire,  for  which  purpose  the  dried  salt  b  mixed  with  flowers  of  sulphur, chlonito  uf 
potassium^  sulphide  of  antimony  and  rharcoal. 

Actioniiratc  of  Siroiidum,  S'ij^y.^^yT.ZBH),  crystaUifies  by  spontaneoas  eT&pe)«ra<^ 

lion  from  a  mixed  solution  of  the  component  salt**  cont^iining  a  slight  excess  of  acetic  acid 
m  hipj^e  limpid  permanent  tabular  cry»t;dB  (v.  Hau«r,  J.  pr.  Chcm.  Ixxiv.  432),  beloo;?- 
ing  to  the  trielinic  syt^m,  and  exhibiting  the  combination  oP  ,  ccpoo.  otpoc  .  oe  *P  , 
'P  .  I^'qo  .  i'l\  Ratio  of  axe»,  a  :  ff  :  c  ^  05200  :  I  :  11697.  In  the  left  up|H»r  octant 
the  angle  a  c  =  77''43' ;  A  c  -  83^21';  <?  A  «  88^'  19'.  The  crystals  cleave  perfeeUy  punUlel 
to  oPj  less  ci4«ily  jMrallel  to  oef'xi ,    (Zcpharovich,  Wien.  Akad,  Iter.  xli.  517.) 

NtTUATK  OF  Trruium.  Radio-cTj'ftitallinp  mass,  permanent  in  the  air,  and  di«- 
Bolving  with  pale  red  colonr  in  water. 

NiTUATB  OF  Thalliitm^  TI  NO",  erystalliaes  iroin  a  solution  of  thallium  in  nitric 
neid  in  dyll  white  oeetliea,  which  melt  at  205^,  with  eepamlion  of  a  small  qti^totity  of 
lihu'k  peroxitlr.  The  aqueous  solution  of  the  salt  thus  purified  gives  no  precipitate 
with  anmjoniii,  whereas  from  the  crude  solution  of  thallium  in  nitric  ucid.  ammonift 
throws  down  a  pmnll  ijnaniity  of  hydrated  peroxide  of  tlmllium.  Nitrate  of  thalliuia  j 
has  a  specific  gi-avity  of  5'8,  is  insolnble  in  alcoh^il,  hut  ku]uI>1i'  in  water,  the  suturatt'd 
**olutioa  containing  9*7o  per  cent,  salt  ut  18^,  43'7  per  cent,  at  58^,  and  6&'0  per  cent 
at  too®.     (Crook  es,  Cliem.  Soe.  J.  xvii.  141.) 

Nitrate  of  TuoHiJfVM.  Th"N-0'. —Easily  soluble  in  water  and  in  alcohoL 
The  aqueous  iifilut ion  drip,s  up  over  oil  of  vitriol  to  a  orj-wtalline  maas ;  when  iefl  to 
evaporate  in  the  airt  it  yields  a  thick  Kyrup  (Berzelius);  aecording  to  Chydftnius 
(Pogg,  Ann.  exix.  43J,  it  ciystallifcrs  etisily.  Nitntt*  f,f  ih^rinum  and  painssium^ 
Kn'h"N*0^\  forms  a  radiate  diuk^  aolnble  in  water  and  in  aJcoliol.     (Berzeiius.) 
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NiTB4tBfiorTiH.  Strnmic  hydrate  prepowd  from  the  cLlorido  duaolTGB  fjroelj  in 
nitric  iifid,  and  if  Tery  conccntnitod  acid  hais  been  naed,  the  solution  deposits  stannic 
nitrate  in  stlkj  scales.  If  th**  »olutioii  contains  nitrate  of  ammooium,  it  dw»  not  de- 
eoinpooe  at  ordinaiy  tpnipi'nitur«> ;  but  in  the  cc-ntmry  cu«i<*,  psixeially  if  diluted,  it 
deposits  Bftannic  byarat**,  whieh  ndissiolvcs  on  addition  of  nirtate  of  ammoQiujn,  Me- 
taatannic  hydrate  (j)roduc<Hl  hy  the  ik:tioa  of  mtric  acid  on  tin)  does  not  diHSolve  in 
nitrie  acid. 

Stannous  mtraU  is  produced  b^  diasolTing  atannoua  oxide,  or  bydrate,  or  metal- 
1j4*  tin,  in  cold  very  dilate  nitric  acid ;  the  iolutlou  ia  etuily  decompoaed  by  heat,  vitb 
fwparution  of  stannic  hydrate. 

NitttAT*  or  Ubahium.  IP0"JP0».6H*0  or  NifraU  of  Uranyt  (XJOyNO". 
3U'0.— Piodacod  by  treating  uranium  or  either  of  ita  oxidea  with  nitric  acid. 
Cr)HUllisea  in  lemon -yellow  fluorescent  trimetric  priams,  in  which  a  :  b:  c  =!  0*874  : 
1 :  0-5703.  Ancle  P  :  P  (brach. )  =  12G«  54' ;  (macr.)  -  118^  30' :  i  basal)  =  84'^  28* : 
Pm  :  l*ae  (baa*J)  •  62^  40'.  Ordinary  combination  P.  Fqo  .  oof'oo .  ocPoo .  The  crystak 
pflloreflce  slightly  in  dry  air,  and  further  in  a  vacujim,  giiring  off  half  their  water.  They 
dissjolve  in  bdf  their  weight  of  water»  alao  in  alcohol  and  ether*  The  aqueous  aot 
ntion  i»  decomposed  at  a  moderate  heat,  depositing  a  lemon-yellow  pnh'ertdent  imb- 
etjime  not  yet  examined.  The  cryataU  melt  in  thi ir  water  of  cryfitallieation,  then 
give  off  wiiter  and  acid,  turn  peddish-yt^llww,  and  leave  pure  ui^nic^  ur  at  higher 
tenipf-nitures,  umnoso-urbnic  oxide  (Pcligot).  According  to  Ordway  (JiihnsU 
IH/ii^,  p.  114 X  the  ciyatalliaed  ^t  rnelt^  tit  59  5^  and  bogina  to  boil  iit  118'^  the 
li<|ujtl  n  rnaining  clear  till  about  two-tbirda  of  the  water  ia  dmwn  off,  togelher  with  a 
hllle  acid ;  the  residue  then  becomea  somewhat  hmted  in  contact  with  water,  and  fonua 
a  lurtrid  itolution  which  aAerwarda  becomes  clear. 

NiTitATB  OFVANantuM.  «.  Vamadie  mtrate, — Vanadium, Tanadions,  and  rana- 
dic  oxide  diaeolve  in  nitric  acid,  forming  a  blue  solution  which  may  be  boiled  without 
alteration,  but  deeompoaea  at  a  certain  degree  of  concentration,  the  residue  lifft  do 
I  Ta|iomting  to  dryneas  c*iin->*iating  of  ranadic  anhydride  containing  a  little  nitric  acid. — 
^,  yiiruviiHaJic  acid.  Dilute  nitric  atHd  dissolves  vutiadic  acid  (or  anhydride)  with 
yt- llowish  cnlntir,  and  on  erupowting  the  guluLion  at  ordinal^  tt'mpemturea,  a  reddiah 
maaa  ia  left,  from  which  water  e^tracta  a  small  quantity  of  oitro-vanudic  acid. 

NiTBATa  OF  VTTniux.  Lazg«  colourless  en srala  (Be rz el ius).  The  fiolntioo 
evaporated  at  60°  and  then  quickly  cooled,  yields  coLurlcas  laminib  ^Berlin).  The  salt 
ia  deliquescent 

Nttratks  of  Zikc.  The  normal  salt,  ZdNO'.SH^O  or  :^n"N>O-.6H=0  (or  SH'O 
according  to  Schindler),  sepanites  from  highly  concentrated  solutions  in  limpid, 
ftattcfled,  striated,  four-sidetl  pnVms,  tt^rminjiteci  by  tour-aided  pyramidH.  They  liavea 
i^harp  taste,  deliq«ei*ce  in  the  uir,  dij*>*jlre  rendily  in  water  ami  in  alixthol ;  mell  in  their 
water  of  cryKtaliiaation  at  ilO',  and  give  uff  the  whole  of  it  in  a  stream  of  diy  air  at 
lOo^  (Pierre).  According  to  Graham,  Inilf  the  wnter  goes  off  at  iOO**,  the  remainder 
only  when  the  aalt  begins  abo  to  part  with  its  acid.  According  to  Or d way,  the 
rrj-Htalm  melt  at  36*4** ;  the  liquid  boOa  at  131°,  remaining  clear  during  the  lioiliug  till 
it  haa  lost  42  per  cent,  of  its  weight ;  the  residue  SididiHi^  on  (HX)ling  to  a  ritreoua 
ma&s  having  nearly  the  composition  Zza''0.3Z2n'*N*0*.3HK>.  Thia  tf.tracincic  salt 
was  likewijte  obtained  in  prismatic  needles  by  Gerhardt  (Jahresb.  1547-8^  p,  436). 
Schiudler  ol»tained  the  same  salt  with  only  I  at,  water  by  digesting  the  octozlncic  salt 
with  the  normal  salt.  The  iM:trfzinctc  fait,  7yiStu"O.Zzn"N*0',  is  obtained  with  2  at.  water 
by  heiUitig  the  normal  ftalt  till  the  fu^ed  mat*  becomes  nearly  solid  (GrenvilleX 
or  with  4  a*,  water  by  prf^ioilating  th<i  huluttoo  of  the  normal  salt  with  u  qmmtity  of 
ammonia  not  suMcient  to  take  up  tdl  the  nitric  acid.    (Schiodlcr  and  Grcnvilfe.) 

NiTftATmoFZt&coKiittt.  The  solution  of  zlrcouic  hydnite  in  nitric  acid  yielda 
by  evaporation  a  yellow  gummy  maas,  whioh  lias  a  sour  astringent  ta«t('^  and  gives  off 
acid  wupu  heuted.  If  it  haa  not  been  hriiitcil  above  1U0°,  it  ridufSolves  completely 
in  water.  The  solution  ia  capable  of  taking  up  a  couijidenible  quantity  of  xircouio 
iiydrkite,  forming  a  soluble  Iwuic  suit.  If  the  solution  thus  formed  be  diluted  und 
heati^^l  to  boiling,  it  deposits  a  still  more  baftic  suit  in  the  form  of  a  gelatinous  pre- 
cipitate. A  basic  salt  soluble  in  water  and  in  Aleoliul,  is  likewise  obtained  by  healing 
the  nucmal  salt  above  100^. 


Alcoholic  yUrates,    If  Uric  ethers. 

When  nitric  acid  is  hesited  with  an  nlcijhr>l.  pitrt  of  the  fdcohol  is  oxidised,  and  the 
nitric  scid  is  rt-dnci**!  to  nirrouii  acid,  which,  with  the  p  nirvindef  of  the  alcohol,  forms 
a  uitrous  ether  together  with  other  products  (p.  7«^)  ;  but  t»y  udditioa  of  urea  or  othi«f 
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Amide,  which  <!ecompof)«s  the  nitrouB  acnd  as  tut^i  a»  it  m  formed.  thU  Action  may  tw 
piwented  and  the  iLleohol  and  nitric  hciJ  will  then  form  a  uitric  cilwr. 

KitkatbofAhtl.  Amt/i-mtric  ttk^,  C*H"NO** — Prepapod  by  agitat  Jug  10  grms. 
of  Ditnit«  of  urea  with  30  ^rnm,  of  Htrt>nn  nitric  aotd  in  a  retort  for  ton  miaute^,  then 
julding  40  grms.  of  aniylic  alcoliol,  ami  j^juduHlly  hwitioj^  the  mlituw^a  cooled  roceiFer 
Ijoiijjf  adaptad  to  lh«  retort.  Thp  dtatilktc,  which  ui^parutea  into  two  layers,  is  Bhakeii 
up  witJi  water;  thfi  lower  ]iiyor  Is  rtictiiicd,  tho  portion  which  diJrtiU  from  148**  upwards 
Ming collMTted apart ;  and  thin  portion  U  rpftifl^Mi  twiofi  inoHi,  tb*-  lH|uid  which  goes  ovBr 
at  148**  being  each  time  collected  apart  (W.  llufmanu,  Ann.  Ch.  Phys.  [3]  xxiiL  374). 
It  is  also  produced  by  the  d*"cotn}xj«ltion  of  dinttrylidi?  of  amyhvii**.   ( ft  n  t  h  r  i  «*,  i.  209  ) 

Nitrate  of  amyt  is  a  oolourlcss  oil  of  specific  gravity  0*&94  at  10°,  l»oil&  at  148'^ 
(W.  llofmann);  according  to  Ri*»pkher  (Jahrb.  pr.  Phurm.  xh.  1),  it  has  u  spc- 
rttlc  gnivity  of  0'902  iind  Ix'ils  at  137"^.  It  bais  an  odour  of  bugB  and  a  swet^t  burning 
taste,  with  very  iinpti^fisunt  aft^rtast^.  It  dissolves  in  ether  and  alcohoL.  and  is  pre- 
cipit»ti»d  from  the  latter  by  water.  Bums  with  a  gn^en-edged  fiame;  is  deoom posed  by 
alcoholic  potash, 

NitbatkopEthtl.  Nitric  fthrr.  Ethpf-nitric  eih/r,  (yB^SO*,  Prepnration. 
—1.  Between  70  and  7fi  grms.  of  alcohol  of  35^  Bm,  is  distilled  with  an  *?qual  weight 
of  nitric  acid  of  Hpeeific  gravity  I'40  (or  2  vob  altiohol  to  1  vol  nitric  acid),  and  al)out 
2  grams,  of  nitrate  of  urea,  the  receiver  being  changed  as  soon  as  the  alcuhol  which 
fint  oomea  over  is  replaced  by  nitric  ether,  and  the  distillation  stopped  a^  eooit  aa  the 
residue  is  reduced  to  one  thirtl  of  the  original  mixture.  The  nitric  ether  thus  obtained 
is  washed  with  uqueous  potash,  and  aflerwurda  with  wnti'r,  then  left  for  two  flaVB  in 
contact  with  lumps  of  chloride  of  railciiini,  und  finally  decunted  and  rectiflt^d  (Mi  lion, 
Ann.  Ch.  Phys.  [3]  viii.  239).  According  to  Carey  Lea  (Sill.  Am.  J.  [2]  mii, 
178),  it  is  better  to  ase  a  larger  proportion  of  nitrate  of  nrt'si,  namely  8  or  10  grius.  to 
the  above  qnantity  of  liqaid  ;  with  thc?§e  proportions  largrr  quftntities  at  liquid  may  be 
fvperated  upon  at  oneo  (seo  also  Heintz,  Jahresb.  1B63,  p.  482).— 2.  According  to 
J,  Poraoz  (R4.p.  Chim.  pure,  t.  30),  nitrate  of  ethjl  is  easily  obtained,  without  the 
use  of  tirps^  by  dropping  absolute  alcohol  (10  grms.)  from  a  very  fine  pipette  into 
highly  eoneentnvt*'d  eolourlpss  nitric  acid  (aboat  20  grms.)  contained  in  a  plstinum 
dish,  well  cooled  with  a  mixture  of  ice  and  salt.  The  fomiHtion  of  thn  ether  takcfl 
\\vLis^  as  the  liquids  mix.  A  lump  of  ice  is  then  to  be  thrown  into  the  mixture,  where- 
by the  aeid  is  diluted  without  rise  of  tempemture.  If  any  oxidation  of  the  aleobol 
tzikes  place  from  dropping  it  in  too  quickly — which  may  be  tinown  by  the  emission 
of  red  fumes — a  piece  of  ice  must  be  immediately  dropped  id  to  sare  the  ether  already 
formed,  and  th«  operation  repeated. 

ProperHett. — Nitric  ether  is  a  liquid  of  specific  gravity  1*112  at  17**,  boiling  at  86** 
or  86°.  Its  vapour-dtnHity  at  H6oC>  =  3112;  at  90^  =r  3  «J»4  ;  st  70-3°  =  3-065; 
at  G4-9''  =  3  079  (Play  fair  and  W.-nkly  u).  It  hns  an  oilour  ditt'erent  from  thut  of 
nitruas  ether,  and  a  very  sweet  t;Lste,  with  hitterii^h  aftertaste.  It  is  insoluble  in  wat^r, 
but  inixss  ill  all  proportions  with  alcohol  and  ether.  It  burns  with  a  white  fiame ;  Us 
Vttpour,  if  heated  above  the  boiling  point,  explodes  violently  whi>n  set  on  fire. 

Heated  to  100'^  with  ftkvh*jli<i  ammonia^  it  yields  nitrate  of  etbylamiiie  (Juuca- 
della^  Compt,  njnd.  xlviii,  342): 

CH*NO"  +  NH»  -  (?H^NJINO«. 

When  a  mixture  of  equal  volumes  of  nitric  ether,  ult>ohol  and  strong  aqueous  lunmooi* 
is  heated  to  100°  in  a  aciiled  tuW  only  two-thirda  filletl  with  it,  the  t4her  disappe^ira 
completely,  and  the  resulting  solution  contains  di-  and  tri-cthylamine  logetber  with 
ethyl«mine  and  ammonia.  AVith  a  conaidenible  pxci\Ka  of  ammnnia,  the  nitric  ether 
may  be  decomposed  ^ven  wilhont  alcohol    (Cart-y  Lea,  Sill.  Am  J,  [2]  xxxii,  26.) 

Nitric  ether  is  t^i si ly  reduced  by  ffnlphidt  ^>/*a//imon<«m  in  alcoholic  solution,  yielding 
mercaptan,  according  to  the  equiition, 

C'H»NO»  +  Sir-S  =  C^H'S  -»-  NH»  +  3H=0  +  S*. 
(E.  Kopp,  J.  Pharm.  [3]  xi.  321).     Heated  with/<rroH5  ficrUtte  ft  iB  gradually  re- 
solved into  nitrogen  ga«,  a  small  quantity  of  nitroua  olhcr  and  ammonia,  {Caroy  Lea.) 

MereuTttktfiie  Nitrate.  C^Hhg»N'^^'  ^^  C*H VK-0«.Hhg"N^J*  Eihiflo-rmr^ 
curie  nitrate.  ^SulprtfTsaurta  Affhtif-Qurvkitii^ury^yti,  SffrtrU  ffifht/U  ft  tU  ffttrcurr, 
—  This  compound,  dii^eoven'd  hy  Sobrero  and  ^e  1  mi  (Compt,  rrnd.  xxxiit.  67),  and 
further  examined  by  Gerhardt  (Chem.  Sue.  Qti,  .1.  v.  88),  is  obtiiine<l  by  mixing  alco- 
hol with  exc*^8s  of  a  very  strong  solution  of  triijuwmirie  nitJTite.  No  precipitate  i» 
formed  in  the  cold^  hut  on  hcsUng  the  liquid,  a  white  rrystiilline  eompnuud  sepairatea 
even  l>efore  the  boiling  point  is  rttiain**d,  snd  its  formation  continues  without  further 
application  of  heat.     The  r^artion  in  ms  frillowN  : 

Hhg'N-0"  *  C'H*Q  -  C^^llhg^N^fQ"   i   3H-0. 


NITROGEN,  PHOSPHIDES  OF— NITROGLYCERIN,    109 


Th«  •Jftiholie  mother-liquar  contaioB  a  large  qaantity  of  tneicnrous  nitrate     A  mer- 
mrorou'^      '  "    "  '     **  1  by  Siecondiirj  action*,  fr^uently  al»o  Eu^[ttinitf8  in  smatl 

■wecll<  Hf  nitrate  has  been  peraovwl  by  decantation. 

K    McT. .,,   ...,  I,,..,  ,.  ^  while  cryftaUine  «alt  whieh,  wh^n  examinf^d  by  themiirro- 

feniee,  «]ihibifa  a  biffhly  eharaeterifltio  fornix  ooDN«tiag  of  six-pointed  Htars  or  ht^xflgoual 
KbUf,  shaded  on  tnd  edge*  in  toeh  a  maoner  that  sitnilor  ftttira  appear  witbin  tfaem, 
nritb  their  vertieea  projecting  into  ihe  anglM  of  the  tablea.  The  crjAtali  gave  by  ana- 
bfiu  2'9  per  rent  earbon,  3  hydrogen.  76*4  ineTeury,and  S'6  nitrogen  (Gerfaardt), 
ngrMing  with  the  fomitda  C^Hbg*NH>'.HK),  which  requirea  3*1  carboHi  0'3  hydrogen^ 
P6*3  mercury*  3  3  nitrogen  and  150  oxyp^»n. 

t     Monrurethylic  nitrate  is  insoluble  both  in  vrnt^r  and  in  alcohol.     Heated  in  a  small 

wnbe  it  decompofleB  suddenly  and  exploeively,  but  without  detonation. — Hydrt>chloru' 

ffttid  disaotret  it  completely,  without  learin^  a  traee  of  culomel;  hence  it  is  a  mprcunc 

bnd  not  a  meircnrotLS  aatt     Th«  bydroeblonc  add  solution  gfres  a  jetlow  predpitute 

pihtb  potash. — Sulpkf/drie  acid  decomposes  the  salt,  forming  sulphide  of  raeivury  uud  a 

•ubstanoe  haTiog  the  odoar  of  meroaptan.     A  strong  aqneoua  solution  of  jtoia/k  tiirns 

the  aah  grey ;  when  boiled  wilh  Ihe  same  aolntioii,  it  turns  black,  but  is  not  com  pi  lately 

derotDpoted;    the  bluck  sabstanee  ia  always  mixed  with  crystals,  however  l^ng  the 

boiling  may  W  ormtiuued^     IXydrochloric  acid  does  not  dissolve  this  black  i<;nbHtaDeOt 

though  it  forms  bat  a  small  quantity  of  calomeL     It  appears  therefore  that  the  salt 

is  essentially  alteriii  by  the  action  of  the  potash. — Amm^mia  acta  upon  it  in  a  similur 

manner. 

NiTBATitorMKTHTL.  Meti^i-niinc  ether.  CH*NO*.^This  ether  is  easily  ob- 
tained by  disaolving  40  grinb.  of  nitrate  of  urea  in  200  cub.  cent,  of  pure  methylie 
aleohol,  adding  150  rub.  cent  of  pure  nitric  acid  of  spedfie  gnrity  1-31  (free  from 
nitrous  aetd  so  that  it  yives  no  colouring  with  ferrous  sulphateX  «uid  di«;tilling  to  one- 
third.  This  proceiis  is  to  be  twice  repeated,  the  residae  oeing  mijcc^  in  tlie  first  in- 
stance  with  170  e.  c.  methylic  alcohol  and  130  c,  c,  nitric  acid,  and  in  the  second  with 
150  c  e.  methyl -alcohol,  110  c.  c  nitric  acid^  and  lOgrms,  nitrate  of  urt'a.  Thedlstillste 
is  washed^  first  with  solution  of  common  salt,  then  with  dilute  carbonate  of  sodium. 
T^y  this  process  420  grms.  methylic  alcohol  yield  3O0  grms.  crude  nitrate  of  methyl, 
(Carey  Lea,  SilL  Am.  J.  [2]  xudii,  227).  Dumas  and  Pi^Hgot  (Ann.  Ch.  Phys.  12] 
Iviii.  S7),  bj  distilling  wood-spirit  with  saltpetre  and  oil  of  vitriol,  obtained  a  lii|aid 
boiling  at  66°,  which  appears  to  have  been  a  mixture  of  nitrate  and  nitrite  of  methyl, 
ns  its  analyiia  gave  about  3  per  cent,  too  much  carbon  for  the  formula  of  the  nitrate. 
The  rapour  exploded  with  great  Tiolence  when  heated  to  about  160*^.  The  proper- 
ties of  the  pure  nitrate  of  methyl  obtained  bj  Lea  have  not  been  de^ribed. 

NiTKATB  or  OcTTL.  CH'^NO*.  Nitrate  of  Ca^ryL — Produced  by  decompos- 
ing iodide  of  octyl  dissolved  in  alcohol  with  nitrate  of  silver.  Oily  liquid  which  bus  a 
fruity  odour,  floats  on  water,  is  insoluble  in  alcohol,  boils  with  decomposition,  bums 
with  a  bright  flame,  and  is  decomposed  by  alcoholic  potash,  yielding  octylic  alcohol 
and  nitrate  of  potassium.    (Bonis,  Ann.  Col  Fhys.  [3]  xlix.  136.) 

irZTmoasir,  V!B0SFB21»£S  of.  NF*.  See  Ffi08F»ORoaAMiD£5. 
irxXROOmiV;  SirXiPHl£»B  of.  NS.  (Fordos  and  G^lis,  Ann^Ch.  Phys. 
\'A\  %xx\\.  'Abd,)—Thi^  cooiiMjuud,  the  analogue  of  nitric  oxide,  is  obtained  by  pafstng 
iiuiiiioniacal  gas  through  »  Nolution  of  protosulphide  of  chlorine  in  disulpbide  of  carbon. 
Sill  ammoniac  is  first  pn^cipitated,  and  then  a  dark  brown  flaky  substance,  which  is 
dt'com posed  by  the  further  action  of  the  ammonia.  The  passage  of  the  gas  must  bo 
etaUinned  till  the  brown  flakes  haye  almost  disappeared,  and  an  orange-yellow  liquid 
19  formed,  which  may  W  separated  from  the  chloride  of  ammonium  by  filtration  and 
obtiiinixl  quite  clear.  The  filtrate,  when  left  to  evaporat4»,  first  deposits  sulphur  and 
afterwarda  ciystiUa  of  sulphide  of  nitrogen.  The  renction  ia  very  complicated,  but 
tbe  final  tmmIL  may  be  represented  by  the  equation : 

ZCm  -f   8NH»     «     2NS   +   8   +   6NH*a. 

Sulphide  of  nitrogen  crystallises  in  transparent  golden-ycUow  rhombic  prisms  with 
dihedral  summits.  It  has  a  faint  odour,  adhere*  strongly  to  paper  if  rubbed  upon  it, 
and  produces  painful  irritation  of  the  mucous  membrane  of  the  nose  and  eyes.  It 
explodee  by  percussion  or  when  heated  to  |/>0**— till**.  It  dissolves  very  snanngty  in 
alcohol,  ellier,  and  sulphide  of  cart>on  :  water  does  not  diiaolva,  but  slowly  cli^rompjaea 
JL  Ita  solution  in  sulphide  of  carbon  also  undergoes  slow  deoompoaition.  It  unites 
in  sevt-ral  projn-»rtions  with  the  sulphides  of  chlorine. 

iri'rmoOfixrxtnil.    8yn.  with  Nttboohn, 

M'tTROOBSrTXAn'lC  ACm.     See  6&NTiAiac  Acw  (ii.  830). 

WFT&aOXiYesmnr.     See  Qltcertn  (ii.  S9Q% 


no 
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iriTSOBAKnKA.XiX]rS.     St>f^  HAriVAi.iNP.  (iii.  9). 

WfTWLOmAmBHTfm  or  ITZTSOHASJOram.     See  fiABMnis  (iti  11). 

WtTWLQ'M-Mi/lJkTtC  il.Cn>.     Byn.  With.  PlciLLiac  Acid, 

W!TKOHi:z.£frZlf.     Boo  ilKLKNiN  (iiL  13B). 

friTTtOHiPPiTRZC  AC  in*    Hi'O  HtppuRic  Acm  (iu.  16 1). 

zrxTROHnnxiC  Acm-    Bee  Uluttc  Acm. 

vrrMOMirmwSLi:T^c  ACXH.    Se«  KirDURfiJO  Aced  (iii,  221,  footooto). 

VIXRO^ZirosiTS.     8i'0  IsosiT^  (iii.  276). 

irXT&o^lODic  Aczn  or  AirSTOAllkB.    See  lame  Acm  (uL  299). 

]rzT&OX»ACTIir.     Seo  I^IiLK^StTQUt  (iii.  1024). 

VXTRO&lil7CXC  ACXB.  By  a.  with  Kitbats  of  Libucikh.  (Set  iMvcism, 
hL  582) 

WXTmOinamrXTlB.     Seo  Hank  its  (iii.  825). 

WXTSOMlSCQirzv.     See  Mecohin  (iiL  863). 

inTSOia££A]rilbm«    Bee  MiiuiKtLiNH  under  FitsNTLAMiNEa 

iriTROWCBSZDnrB.    See  MfisiTTUUfs  (iii.  930). 

WZTSOniESrrT^lIli'KS.     Sec  Mksittlknii  (iii,  930). 

VZTROMETACBTOfS'IC  ACm.  8jii,  with  NiTao-PBOPiOKic  Acm.  (See 
pRiipioNir  Ac  in  ) 

irXTSOMSTHtllES.  This  mime  may  b^  applied  to  certain  eompounds  derirabla 
from  marsh -^piw  (hvdrif^  mcthido)  by  the  substitution  of  one  or  moro  molfciile»  of 
nitrvl  for  ad  i^alvjiUnit  quantity  of  hydrogrn.  Tlii^ir  namefl  and  formula  are  giirfo  in 
the  folio vi-iug  table,  in  widtih  nitryl  (^O*)  is  denolfnl  hj  X 

Type,  C  H  n  H  H. 

1.  Tribromonilromethide,  Nitru-bromoform  or  Bromopicrin  .  C  X  Br  Br  15r 

2.  Triehloronitnimethide,  Nitpodiloroform  orChliiRtpimn  .  C  X  CI    CI    CI 

3.  Triuitromethide  or  Nitroform  .         ,         ♦         .         .  ,  C  X  X    X    H 

4.  BronJiotriniCnameLhide  or  BromomtTOform  .         ♦  ,  C  X  X    X    Br 

6.  Termnitromethidc   .         . CXXXX 

5.  Cywionitponiethide,  Nitmcetonitrile  or  Fulminic  add       *         C  X  H    H    Cj 

7.  C^ranodinitrnmetiiide  or  Dinitnieetonitrile         .         .         ,         0  X  X    H    CJr 

8.  Cyanotrinitrorai  thido  or  Trinitiwetonitrile       .         .         .         C  X  X    X    C^ 

9.  C^ano-dibromo-nitPtimetbide  or  Dibromo-nitracetouitrile .         C  X  Br  Br  Cy 
The  first  and  8e4?ond  of  theae  compounds  have  been  already  described  as  Bromo- 

pierin  and  Odoropimn  (L  923). 

3.  Wltrof^roi.  C(NO*)"H.— This  <xmpotind  discoTrred  by  Schischkoff  (Ann, 
Ch.  Pharm.  ciiL  861)  exhibits  the  r^lulions  of  ati  aeid.  Its  nmtnoni urn- Fait, 
C(N'0')'N'H**  ia  obtained  as  a  yellow  crj-stdlkablQ  snbstanee^  soluble  in  wntr*r  and  in 
alcohol^  by  the  Jiction  of  water  or  alcohol  on  cyanotrinitromethide  (p.  Ill):  and 
on  agitating  this  salt  with  BtPing  sulphuric  acid,  tlie  nitrofurm  is  separated  nnd 
floats  on  the  surface  of  the  liquid,  in  the  form  of  an  oil  which  may  be  i«moved. 

Nitroform,  at  tempemtnr***  above  15**,  is  a  colaurUaa  oil  ^  below  that  temperature 
it  Holiditles  in  colourless  cubic  crystala  It  is  moderately  soluble  in  water,  forming 
ad%rk  yellow  eolntion.    It  cannot  be  distilletl,  am  it  explod&§  with  violence  when  hettlea, 

Th^  Htom  of  hydrogen  in  oitTofomi  mity  he  rt'plae^ed  either  by  metals  or  by  chloroua 
radiclea,  namely  bmmine  and  nitryl.  The  melaliic  deriTativea  or  Molis  of  nitroform, 
are  for  the  most  yellow  and  cryHtnlliwiblo :  they  expItHle  when  heated. 

4,  BromonltTOforiii.  C(NO'^)*Br. —  Prfwlueed  by  exposing  nitroform  to  the 
nctioti  f>f  bmmiiie  for  tM^itiC  days  under  the  intiur-nee  of  direct  huuNhine,  or  more  easily 
by  treatinjT  an  ttqu<H>u.s  8oluti4jin  of  luercurie  nitruform^  C*(NO')"Hh^",  with  bromine. 
It  i»  colourless,  liquid  above  +  12^,  but  soliditle**  below  that  lemprratore  to  a  white 
rrystalline  mii«j.  It  is  eomewh&t  soluble  in  water,  and  may  be  diuiilied  with  aqueous 
v:L[H>urp  or  in  a  current  of  air.  It  decomposes  at  140°,  (Schtichkoff^  Ann.  Ch. 
Fhjirm,  cicix.  247.) 

6-  Tetraaltrometlilde*  TdfanHrt/lid^  of  Carbon.  Niiro-kohlaistoff,  C(1?0*)*. 
— ^ Produced  by  trt^Atiug  nitroform  with  fuming  nitric  and  Nulpliuric  iicids,  heating  the 
liquid  to  lOO*^  and  pa.^siing  air  throngh  it*  A  liqnid  then  dii>tila  over,  fipom  whieb 
Writer  throws  down  tetranitromethide  as  a  hea\'y  oil. 

Tetranitromethide  is  liquid  at  ordinary  lemfKiraturcs,  but  aolidifies  at  4- 13°  to  a 
white  crystalline  mass.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It 
boils  at  126°^  iind  unlike  nitroform^  may  be  distilled  with  JUt  decomposiUoti.    Whm 
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rsipiill>  m^ntHi,  it  decoin|n«c«  with  eroliiiioQ  of  ottfotu  vapours;  IhiI  (ven  tin  n  it  tWs 
ihA  v%iA*mU\  ll  docii  tiot  ttik«  fire  by  contact  with  fljinie  ;  bul  u  glowing  roiil  on  wliicli 
it  i«  pofiroil  bunis  with  u  bright  light.     (Schi  iih  koff.) 

6.  Cy&tioaltr«>m«thid«  or  WItraootonltzllc  does  not  e%iH{  m  the  fre<>  Htntr.  but 
it/*  Pnlt*.  the  FtLifrNATiis,  already  de»enhed  (IL  730),  give  na«  by  tht'ir  cbi-i imposition 
to  !h<»  iUrre  following  t*ompoand»,  cyano-dibminO'iiitTOiDethide  bVinjy  pnTduct'd  by  the 
nrtioti  of  bromioe  on  fulminMe  of  tnercnry,  while  cy&nodinitromcthide  and  cyauoLrini- 
tmmHhidr  Are  olitaint'd  from  ftilminunc  acid  (ii,  739)  which  Is  itjielf  n  product  of  the 
tlet^om^Kksitiuii  of  fuhniuate  of  silve-f. 

7.  Cj«iio<xiiittrom«tlildeorl»liiitrmc«tooltrlle.  C^HK»0*  *  C(NO*)*H€y  = 
C'cNO-^^UN.  (8c  bin  eh  koff  and  Rosing,  Ann.  Ch.  Phann.  eiy,  249;  Sehisch- 
koff,  iVji/</,  cxix.  249.)'^ThiB  compound  is  an  ucid,  the  ammonium-fttlt  of  which 
(originitlly  called  dinitrammonyi)  is  obtained  by  tlie  action  of  irulphydric  acid  on 
cyauoiriuttrunicthide ; 

C(NO*)K^  +   4H»S     =     C(NO*)\NB*)Cy  +   S«   +   2H=0. 
0»  mixing  thi^  aqiieoua  solution  of  this  ammoainm-salt  with  an  equivali'Dt  quantity  of 
sulphuric  &f'u\    irif  ,riiii.^  ivith  ethf'r,  and  evaporating  the  etht'real  &rr»luiiou,  a  vynip  ia 
Itfft  which  ^  ld«  Urge  cryatahi  of  cyanodinitromethidp,  apparently  contuiuiiig 

wal^'rofm  i 

Cyunodinitruiiit^liiide  treated  with  ammonia  reproduces  the  original  ammonium-aali, 
which  cryHtallis<>A  in  coloorlesfli  needles,  easily  s^jlublc  in  water,  sparingly  in  alcobui^ 
inffolnble  in  ether.  When  boiJed  with  oxide  of  silver,  it  forms  a  solution  which  on 
cooling  deposits  crystala  «f  the  argmtammvuiumsaU  of  cyanodmitromethido, 
C(  N  (.»-/( NH"Ag)CY. 

Cyuijodiuitrontethide  al^ii  forms  crystalline  sultj  with  potassium  and  witJi  silrer. 
Tin*  »ih*t-r-sa}t,  C(NO*)^Aj;CH\  detonates  like  fulminate  of  «iilver,  iind  is  dtoompo»ed  by 
bnjmini\  yi inkling  an  oily  b^nly,  probably  ci/anohrtymodivitromethid^^  C(NO'*)'lirCy, 

8.  Cyana-tHnltrometHlde  or  TrlnitracetonltrUe.  C'N*0'  ^  C(NO')'Cy  « 
r^(KO')VV.  (,Sr hiMchk  off.  Ann.  Ch.  Pharm.  ci.  213).  —When  usalt  of  fulminuric  acid 
is  in  bird  by  small  portions  to  a  cooled  mixturn  of  hiKbly  concentrated  nitric  and  snl- 
phuric  Acids,  carbonic  anhydride  is  evolved,  and  trinitracetonitrile  separates  as  an  oil 
MJiieh  crystalHsc^s  on  cooling: 

C*(KO^)n'N»0   +   2N0'H     -     CO«   +  WO  ^  NH»  +   C'CKO^N. 

Fultntnurlc  acid.  Trlntttrscridnltrlle. 

Cyant*trinItroDn^thide  h  a  white  crystalline  eamphor-!ike  substance,  melting  at  4 15'', 
an  I  ibroinfMijdug  with  explosion  at  220^.  It  nniy  be  di»tilKd  in  a  current  of  air  at. 
GO'^p  It  di.^aolvet*  without  altenttion  in  ether,  V)ut  is  decomposed  by  tf*nirr  and  aicohol 
evi  u  in  the  cold,  and  more  quicklj  when  healed,  into  carbonic  anhydride  and  the  am- 
nion lum-Dailt  of  n  i  troform : 

C\NO-)^N   +   2H'0     -     CO'   +    C(NO»)'(Kn*). 
StU^h^drie  acirf  converts  it  into  the  ammouinm-salt  of  cyanodinitromethide  (p.  110), 

r(NLM)HrCy  =-  (:r\NO')Rr*N  (KokuK^Ann.  Ch.  i'harm.  cv.  281 ).— This  compound, 
wliich  diffi-rs  fmm  mennjric  fulminate,  C^nhg^'N-^O*,  only  by  containing  2  at.  bromine 
in  place  of  I  at.  mercury,  is  prepartd  by  ptjuring  bromine  on  mercuric  fulminate  under 
water  till  the  colour  of  tin*  bromine  is  no  longer  destroyed-  On  anbsequi  ntly  distilling 
the  liquid,  eyanodibromouitromethide  passes  over  with  the  aqnaooa  rapour,  m  the  form 
of  an  oil  which  partly  soliditii's  in  the  crystalline  form. 

Cyano-diV»rutnonitr«jmethide  forms  large  w*^lbd*  fined  cryst:ilB,  insoluble  in  water, 
f^»luble  in  alcohol  and  in  ether*  and  smeliiug  like  ehloropicrin*  It  melts  at  60^,  and 
begiuH  to  boil,  with  decompo«itiun|  ttetwiHU  1,10<^  and  I3.i^.  With  vapour  of  watiT 
it  may  be  distilli'd  without  dfCompo»ition(Kekul<&).  Wh»»n  gi*ntly  h<f»atc*d  with  iron- 
fi  lings  and  acetic  acid,  it  is  strongly  attacked,  giving  off  hydrocyanic  acid,  hydrt>hromi<s 
.acid,  ammonia,  and  probably  &1k»  carbonic  anhydride.  (Stahlachmidt^  Jahrcab. 
1SG«>,  p,  24L) 

irfTROllCSTSTI^C  AOro  (M-),  CH^K»0«  or  C'H*N«0*,  (Fran ki and, 
rhiL  Tmni^.  18^7,  p.  *i9;  ('hf^m.  Roc, Qu.  J.  xi.  R8,)^This  acid,  homologous  with  di- 
ijilru-erhyltc  acid  (p.  GI)  h  obtained,  simibirlv  to  The  latter^  by  the  action  of  nitrio 
ojtidf  on  zinc-methyl,  4  at.  of  the  former  uniting  with  2  at.  of  the  lattt^r  to  form  the 
mlt,  CT*H*ZKu"XHl*X^H*Zzn'',  This  mH  is  decomposed  by  wnter.  vieldinp  mursh-gaa 
and  f}ft»ie  dinitr-nmrthi/htf  or  ojy-dhtitr^fmrihjffate  of  tirw^  C*H*Z«n"N*O^.Zzn"0  ; 
which,  wh*'n  dceompofted  by  e«rl»onic  acid,  yields  the  normal  tine-mlt, 
C«H*Zjm''N*OMI'0.--  The  mdium-hatt,  CU'NaN^>-.H'0,  in  obtained  by  treating  a 
solution  of  the  normal  2ine-»jdt  with  carlouate  of  stKiiuiii,  evaporating  to  dryness,  and 
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isxhaiustiog  the  rc^ulue*  with  iitrorig  ulogUol.   It  if  very  soluble  in  wiiter  and  in  alcoho!, 
and  hurna  iiiti^nsely  wl>*  ii  h*^rtted. 

IfXTRO-'llElQIiXj&'FZC  ACXH'.      Aqua  rffritr,     Konigsitasstr. — A  yellow  fuming 
liquid  produred  bj  niixing  Ktmng  nitric  nnd  h^-drochloric  acida.    Themijctnrp  is  at  firat 
colourletis ;  but  nftvt  a  short  time,  or  quit'kly  if  hmted,  it  asffumos  a  deeporang<*-y«»llowi 
colour,   and  brcrtk;;  up   into  wattir,  chlorine  and  the  chlorides  of  nitrosyl^  ehi<"fly  thti 
dichlorid*'.     The  dilute  acid«  mav  rem  tin  mixed  for  a  long  tim<»  without  decomposing; j 
each  oth^r,  unless  hent  in  applied.     Nitro^mnriatic  acid  dieeolvra  gold  and  platintim«| 
iin  action  which  serms  to  d(*p6nd  entirely  on  the  preBcnre  of  the  chloriue  liberate«d  byl 
the  muhuil  action  of  the  ori^pwal  aicida.  The  wime  reaction  Pf-nders  nitromurintic  acid?eiy.| 
useful  in  destroying  or^nie  matter,  in  toxieological  invi-sLij^ntiona  for  example  (tea 
Arshsic,  i.  366).    An  impure  nitromnrifttic  acid  k  prtpared  by  dissolying  mtrat*  of 
sodium  in  hydrochloric  ncfd,  or  chloride  of  eodiniu  in  nitric  acid. 

wrrKOWAPHTHAtiEM^ES.     Sec  NAnrrnAi,EXB  (p.  U). 

irZTROirAl'HTSTl^AMnrll,     See  NAPHTHTiJiMJitB  (p.  21). 

irzTBO>oxvBx:itfzoxc  .aczs.    See  Oxybbmzoic  Acm. 

Sf'e  PAPWEniNE. 


See  PKTCSDAifiir. 


irrrROPAPAVERiwE, 

ii>XT]E.opx:ircx:DA»iii>E  and  irxTROPnircEiiJiLn'nr, 

irrXB  O  F  £TKO  X.-B  T AMXir F.     8ec  PET&OL, 

(NOn=N -O'.    (La u r e  u t  aud  O  e  r h a rd t,  CompU  Chim.  1849,  p.  468.)— An  acid  pn>- 
duc«d  by  Ihe  action  of  sulphydrute  of  ammonium  on  dinitropheuic  acid : 

2C*H*(N0^)=0  +  3(NH*)'S'  -  e»n'\NO*)-N=0'  +  4HK>  +  R«. 
It  forma  brown  hexjigonul  needles,  with  four  anglt?i?  of  131^  30' And  two  of  97°,  contaiu- 
ing  2  at.  water,  which  they  giro  oflTbt^tireen  lOO*^  and  110°,  the  anhydrous  aciddecum- 
jKJBing  at  a  higher  temperature ;  they  yield  a  yellow  powder.  Thff  acid  is  sparingly 
soluble  in  cold  water,  moderately  soluble  in  alcohol  and  fther.  It  dissolves  in  nm- 
morna,  forming  a  deep  red  solution  which  in  dfcompo«itnl  bv  con  cent  nit  ion,  with 
cTolution  of  ammonia.  With  aqneou-s  jwtaah,  it  yields  th<?  salt  C"H"K(NO')«N'0*, 
whitTh  crysialliseii  in  dark  red  nodules,  very  soluble  in  wetcr  and  in  aleishoL  The 
^iirium'^alt  forms  sptiringly  soluble  brown-red  needles  obtained  by  precipity ting  acetate  1 
of  barinin  witli  an  ammoniiical  solution  of  the  add.  The  caleium'snU  is  gntdually  pre* 
cipitated  in  like  manner  in  small  needles.  The  ctypmr-fittfi  is  a  yellowi**h-^e«n,  the 
lead-salt  an  omnge-limwn  precipitate.  The  nttHT-sa/t^  C"H*'Ag(NO»)'N*0*,  is  s  dark 
bpown-yallow  prtripitiUe  which  crystallises  in  scales  from  hot  solutiona. 

VITRO VHSlVJUMnrXiXimrB  or  Amf/i*nitrC'pheitidinf. — A  Ltase  formed  by  tJie 
acliou  of  alcoholic  sulphydmte  of  ammonium  on  the  heavy  oil  obtained  by  treating  phenata  J 
of  amy  1  (y-  v)  with  fuming  nitric  acid.     It  is  crystallisable  and  forms  cryetellisabltl 
salts.    (Cjihours»  Compt.  rend.  xxxiL  61.) 

XnTKOPSSlf  K8IG  ACXB.     Syn.  with  DiifiTBOFHBinc  Acm.     (See  Puxkol.) 
WXTROFSEirSTOIc.     Syn.  with  N[TR0Pii£N4TB  of  Ethyl,  (See  Phxnic  EthkbSv 
imdi  r  I'HKNtiL  ) 

VrXTROPaElf  XC  ACXDS.     See  Pheitol,  Derivativbs  of, 
IfrTROPHEirxsiC  ikOXII.     Syn.  with  Tiu*xrrROPttiOflc  Aero.     (See  Psmfou) 
nrrx^OPSSTrOlC  SkCWn,     SeePn^ifOiC  ActB. 
Z7XTII.OPII£lirOZ».      ^f'i*  PUENOL. 
2rXTmOPHE3rTZtA.lliKXSrE,     S<^e  FirKNTLAMINR. 
srxTXlOPHXlK7X.-CiLSSAI«XI>es.     See  CAanAMiPBS  (i.  756). 
irxTsapHEM'iri.EirxuDXA^^ria'S.    See  PiiENYijfNE-rnAimcBs. 
jriTBOPHEiTTli-PSosPHOXtxc  Acxs,    St^  Phospuokic  Ethkr^. 
irxTaoPHEsrrxt-PTmoTARTKAMxc     aczh.         See  PrmoTAiiTftAMte 

irxT&OPHiami-SXr&PHirBZC  and  SUXiPSUSOWS  ACIII8.  Scie  Svl- 
Tnvujc  iind  SriPiitTRotts  Etieers. 

]rxxROPax.om£TXif,     See  Phlobstw. 

KlX&OPSXiOltaGI^UCXn'.     See  PKLOBOGLUcm. 

wrrmaPHTaAXftBVB.  CH^NO^).  (Dusart,  AniL  Ch,  Phyii.  [3]  xliv.  332,) 
— A  cumpound,  isomeric  with  nitro-ciiinamene,  ftjrmed  by  the  action  of  potaeb  oa  nitio- 
liuipbthaleue.  To  prepare  it,  2  pts.  of  caustic  potash  dissolved  in  as  little  water  aa 
(josMble  ari2  mL&ed  with  1  pt.  of  fresh  fil&ked  lime,  to  which  nitronAphthaletie  i»  gm- 
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du^j  udd^nL  Th«  action  lj«gitii  almoii  immedinttf'ljr,  tlie  mixttire  becoming  re^dtalL 
The  miias  in  k(»pt  fbf  aborat  lis  hcya»  At  &  teiapenture  not  excetHlitjg  lOU^,  and  is 
fttirrtMl  &om  time  to  fime,  the  eTBporat«d  WAt«r  bping  rpplaced;  the  whole  is  thea 
added  to  &  lar^e  qu&otitj  of  wnter  and  allowed  to  settle  down ;  the  alkaline  solution^ 
cfjloured  d<^*p  jt-llow  hy  nitrophthttHnic  acid,  ia  decanted  off;  and  the  deposit  is  wa$ih«d 
with  water  until  the  latfrr  la  only  slightly  coloured-  The  lime  is  r**moved  from  the 
brown  realdue  by  dilufe  hydrochloric  acid,  and  thf  remainder  thrown  on  a  filter  and 
w<t«hM  with  water.  Th**  nitrophthalpne  can  only  be  separated  from  the  brown  mat* 
t4?r  with  which  it  ia  mixed  by  dintilling  with  steam ;  it  then  pa»ea  over  in  oily  dropa 
which  crystallUe  on  cooling.     If  diaiillc^  alone,  the  product  ia  le«a  pure. 

Nitrophthaleo*^  ia  of  a  straw-yellow  colour  and  cryetalhfica  on  cooliog  from  hot  alco- 
hol ill  }ong  needles,  which  are  tnsteleoi  find  have  a  faint  odour.  It  melc«  at  48^, 
begini  to  boil  at  280^,  and  diatilsonerlD  large  q oonii ties  1>etween  300^  and  320'=',  leaving 
a  filigbt  carbonoceouif  residue.  It  is  not  soluble  iu  cold  water,  but  wh«tn  distilled  with 
water*  imparta  to  it  an  aromatic  odour  md  sepamtes  on  cooling  in  needles  hannf  a 
I  Iky  lustre.     It  ia  but  slightly  aoluble  fti  cold  ulcohoi,  but  readily  iu  hot  alcohol ;  ais- 

Ires  abundantly  in  tihtr  and  in  eoal-oiL 

Nitrophtholena  heated  with  a  etroog  aolntion  of  |N>toi^  YieJda  mtronhthalic  add ;  leas 
readily  with  hydrute  of  calcium  or  birium.  When  diatmed  with  qtj  poiatJ^limi,  ft 
erolvoa  much  ammonia,  while  an  odorous  oil  distils  oretr,  and  the  sidiea  of  the  retoit 
become  covered  with  long  yellow  needlea  which  diaaolTe  in  sulphuric  acid  with  a 
beautiful  Tiolet-blue  colour.  The  oil  is  slightly  soluble  in  water,  and  the  solution  girea 
with  ferric  salts  an  indigo-blue  precipitate.  Suiphuk  ef  ammoniufn  oonrerta  nitro^ 
phtiulene  into  phthaldine,  sulphur  aeparating  out; 

C*H'NO*   +    3H*S     «     C*H»N  +   2H'0   ^  S», 

WITSayBTBAXXC  AC1]I«     See  FuTUAlfO  Acm. 

yirmOPHTHAIiAMIPg.     See  pHTBax.AMmii«. 

MtTmo^mrmAiaMZC  ACXH.  C*H*(N0^)0*?  (Busart,  toe.  cit,)—Tbm 
nc'id  if  fonn^'d  in  the  prt- pa  ration  of  nitrophtholeno  oa  at>ove  deiiicribed,  and  Is  pre- 
cioitated  from  its  aqueuus  solution  by  hydrochloric  acid,  in  goMen  flodk^  which,  by 
•olution  in  a  mixture  of  I  pt  water  and^  2  pts,  alcohol  of  36^,  may  be  obtaineid  in  etellata 
groupe  of  golden-yellow  net-dies.  It  is  inodorous  and  taatelen  at  firsts  but  leaves  a 
pungent  a^r-tairte.  When  hented  in  a  tube,  it  melts,  gives  ofTan  odour  of  cyanide  of 
ammonium,  and  leaves  a  large  quantity  of  charcoal.  It  is  sparingly  soluble  in  water, 
more  solnbte  in  alcoh^d.  Its  ammoniaeal  aolution  forms  yellow  precipitates  with  salts 
t>f  calcium  and  harium  ;  greenish -yellow  with  cttpric  salt*  ;  red  with  silver-aalU,  The 
Uad-»aii  is  precipitated  in  orangery ellow  flocka,  which  when  dry,  explode  by  heat» 
or  by  contan  with  oil  of  vitriol.  The  potaimnm^^saii  forms  reddish-yellow  mammillated 
crystals*  very  soluble  in  water;  the  solution  possesses  great  colouring  power. 

lOTROPZAirvx*    Syn.  with  NrrnoincoifiK.     (See  MacoifiH,  iii.  803.) 
VITSOFXCRZC  ACZ1»,    Syn.  with  Picmc  or  TBiKiTBorKsric  Acid* 
MtTMOTtCWLO'^OM.XHM,    See  PiCBuTOXDrE. 

vrrmoF&opxoifXG  acDw    See  FBOPtomc  Aao. 

arXT&OPRUSSmss    or  NrrnopRvasxATis,      Syn.  with  NrrsoFKBRicTANiitis. 

(Kee  Cyajsidk!!-  ov  Ikok,  ii.  250.) 

STTROFTmsinL    See  PrRrari. 

irSTmOftAcmntlC  ACX9.    See  Ric«mic  Acid. 

irSTROSACCHAROSB, — A  substance  formed  by  the  action  ot  taming  nitric 
acid  (^obrero),  or  of  a  mixture  of  nitric  and  sulphuric  acids  (Schonbein, 
Keinsch)  on  cane-«ugi^.  It  \»  a  white  transparent  r^iu,  friable  in  the  cold,  but  at 
ordinary  temperatures  soft,  glutinous,  and  ropy.  It  is  neutral,  inodorous  and  bitter  ; 
melts  at  about  30^  (Beiusch).  It  is  insoluble  in  cold  water,  but  melts  to  an  oil  and 
slowly  dissolves  in  boiling  water;  the  solution  gives  the  reactions  of  nitrites 
( 3c h 6 n  be  i  n ).  It  dissolves  freely  in  alcohol^  ether^  undjixed  0U4.  It  explodes  when 
heated  on  piatinDm  foil  or  bv  percnsaion ;  and  deflagrates  when  touched  with  a  glow- 
ing Etplinter  (K  ei  n  s  ch).  When  heated  with  solid  caoiitic  potash,  it  froths  np^  blackens 
and  then  takes  fire  (Sch  on  be  in).    See  Gmei§n*s  Handhock,  zv.  296. 

M^ITSOBJLZ»ICmiA|iiZ]IB«     See  SAi^iCTUkKtnxa. 

irZTROSA2»XC7XkSC  ACS9.     See  Sixictlic  Acid. 

irZ7R0BJk&XCTXiZ2>Ii8.    See  SixiCTLOUs  Acid,  DxBivATivxa  of. 

irXTXOSO-OOlCFOmmB^ ^Bodies  formed  by  the  substitudon  of  the  monato* 
mic  radicle,  NO.  for  an  equivaleat  quantity  of  hydrogen  j  thus  nitrous  add,  HHO*,  may 
Vol.  IV,  I 
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be  regarded  as  ^  J  O,  that  is  as  a  molecule  of  water,  in  which  half  the  hydrogen  is 
replaced  by  nitroeyl ;  and  similarly  for  all  the  nitrites. 


r.  C<H»*N«0  -  C<H"(NO)N.  (GentherandKrentshage, 

Ann.  Ch.  Phazm.  czxrii  43.) — ^This  body,  whidi  has  the  composition  of  diethylamine, 
C^H"N,  in  whidi  1  at  hydrogen  is  replaced  by  nitrosyl,  is  produced  by  the  action 
of  nitrite  of  potassium  on  hydrochlorate  of  diethylamine : 

C*H»'N  +   HNO«     -    C*H»*NK)  +  HH). 

The  materials  are  distilled  together  at  a  eentle  heat ;  the  nitzosethylin  is  freed  from 
diethylamine  by  redistilling  the  liquid  aner  neutralisation  with  sulphuric  add ;  the 
sulplmte  of  diethylamine  which  remains  is  completely  converted  into  nitrosethylin  by 
repeated  treatment  with  nitrite  of  potassium ;  and  the  nitrosethylin,  after  dehydra- 
tion with  chloride  of  caldum,  is  rectified  in  a  stream  of  carbonic  anhydride,  the 
portion  which  distils  at  about  176^  being  collected  apart 

Nitrosethylin  is  an  oily  liquid  of  fiunt  yellowish  colour,  peculiar  aromatic  odour,  and 
burning  taste.  It  has  a  spedflc  gravity  of  0*961  at  IT'S**,  and  boils  at  I76*9o.  When 
exposed  to  the  airf  it  graduallv  turns  brown.  It  dissolves  in  strong  hydrochUmc  acid^ 
forming  a  dark  oolouieid  liquid,  which  is  decomposed  by  heat,  giving  off  nitric  oxide 
and  leaving  hydrochlorate  of  diethylamine.  The  reaction  is  evidently  the  reverse  of 
that  by  which  nitrosethylin  is  formed  (see  the  above  equation),  the  nitrous  acid  first 
set  free  being  immediately  resolved  into  nitric  oxide  and  nitric  acid.  Nitrosethylin 
absorbs  hydrochloric  acid  g<u,  forming  a  thick  liquid,  in  which,  after  tiie  excess  of  hydro- 
chloric acid  has  been  removed  by  a  stream  of  carbonic  anhydride,  crystals  are  formed, 
which  dissolve  easily  in  water.  The  action  of  chlorine  on  nitrosethylin  also  gives  rise 
to  crystalline  products. 

arXTROBO-aKA&OVZO  JLOZD.  CH>N0*  «=  CSH*(N0)0*.  (Baeyer,  Ann.  Ch. 
Pharm.  cxxxi.  293.) — This  add  is  produced,  not  directly  from  malonic  acid  (iii.  799), 
but  by  the  action  of  potash  on  violuric  add,  C^H'N'O*,  which  is  itself  produced  by  the 
action  of  nitrous  add  on  barbituric  add  (malonyl-carbamide,  CH'(C*Ii*0*)TJ*0),  and 
has  the  compodtion  of  nitroso-malonyl-carbamide,  CH(NOXC*H*0')''N*0  (see  Ubic 
Acid,  DsBivATrvBS  of).    The  reaction  is  as  follows : 

[C«H(NO)OT')  pQ.  rrtTTmo^o*!"! 

(CO)"   N«     +     2H«0     =     ^|n«     +     LCTI(N0)0^|(^ 

Nitroso-malonyl-  Carbamide  Nitroto-malonie 

carhamide.  acid. 

Hfllonic  add  is  produced  from  barbituric  add  in  a  precisely  similar  manner. 

To  prepare  the  acid,  violurate  of  potassium  is  wanned  with  potash-ley  of  spedile 
gravity  1*2 ;  the  brownish  liquid  is  decolorised  by  addition  of  a  riight  ejccess  of  acede 
acid  and  a  few  drops  of  alcohol,  then  filtered  and  mixed  with  about  twice  its  vofaime 
of  alcohol ;  the  nitroso-malonate  of  potassium,  which  first  separatee  in  oily  drops  and 
then  crystallises,  is  converted  into  a  silver-salt;  and  this  last  is  decomposed  with  nydro- 
chloric  acid.  The  solution  thus  obtained  yields  nitroso-malonic  add,  by  evaporation 
in  vacuo,  in  shining  prismatic  needles,  veiy  soluble  in  water,  and  containing  water  of 
eiystallisation  whidi  they  give  off  over  oil  of  vitrioL  The  aqueous  solution  begins  to 
decompose  when  gently  heated,  and  is  completely  resolved  at  the  boiling  heat  into 
prussic  acid,  carbonic  anhydride  and  water : 

C«H»(NO)0*     «     CNH     +     2C0«     +     HK). 

The  dry  add  heated  on  phiUnum-foil,  first  melts,  and  then  decomposes  with  a  sharp 
report 

Nitroso-malonic  add  is  dibasic,  but  only  neutral  salts  of  it  have  been  obtained ;  the 
nitro8o-malonat(>s  of  the  alkali-metals  dissolve  readily  in  water,  but  are  predpitated  by 
^cohol ;  those  of  the  earth-metals  and  heavy  metals  are  insoluble  or  sparing^  soluble^ 
and  may  be  obtained  by  predpitation. 

The  potasntm'salt,  C"HK«(NO)0*,  is  precipitated  from  its  aaueoms  solution  by 
«1cohol,  in  oily  drops  which  soon  solidify  if  the  alcohol  be  quickly  added,  in  larger 
laminae  by  slower  predpitation.  The  lead-salt  is  a  crystalline  predpitate  containing 
CHPpb''(N0)0\2H«0.  The  silver-salt,  C»HAg«(NO)0«.H«0,  is  obtained  as  an 
amorphous  precipitate  which  soon  becomes  crystalline.  It  is  blackened  by  lig^t, 
dissolves  easily  m  nitric  add  and  in  ammonia,  and  does  not  part  with  its  wattg  of 
crystallisation  at  110°. 

The  soluble  salts  of  nitroso-malonic  add  give  a  red  colouring  with  firriecMloridef  and 
a  dark  olive-green  precipitate  with  cupHc  salts. 
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Amldomalonlo  iudd,  0*H*(17H')0^.    A  prciduct  of  tlio  reduction  of  mtroeo-malosio 
mcid  hy  sodium  ii.ni&Igam  : 
I  C'H'(NO)0*     +     H*     «     0»H^(KH')0'     +     H*0. 

^  It  ctjftallJAra  ttom  nqueooB  eolution,  by  evaporaitioti  in  rikCMo,  in  rather  large,  ill^ 
dffined,  ■hining  pmmi ;  by  precipiUtion  with  ttlcohol  in  Di'«di««.       The  crysUtla  coH" 
f  t»i&  Wftier.  wh^b  tber  gmdually  lo»e  oTcr  oil  of  vitriol.     The  Acid  melU  when  heated, 
I  giTing  off  carbonic  lumydride,  and  IdaTing  a  residue  ofglycocine: 

C«H*KO*     =     CO*     +     C»H*NO», 

,  The  taine  deoontpoaitjon  takea  plaoe  on  wanning  ibe  aqueous  solution. 

i      Amidomaioiiic  add  ii  quiduy  deeotnposed  by  oxidising  ogenta.     Whan  iodint  i^ 

iddod  to  an  aic^ueoua  aolution  of  tbo  acid  contttiiiing  a  smsil  quantity  of  iodida  of 

potaasium,  the  product  ii  mesozalie  acid  (lii.  032). 

I  c>n»NO*    +    n*o    ^    p    -   c«H»o*   +    hi    +    kh*i 

I  AaldooMlaaic  IIa»oc«lk 

P  add.  sckL 

Thf^  amidcmalonatea  of  the  ttlkali-meUd*  are  easily  soluble  in  wal43r  and  are  pfe^ 
I  cipitated  in  crvstala  by  alcohoL  The  other  amidomalonataa  are  sparingly  soluble 
^  crystjilliaci  precipitatea.  The  barium-  and  cnlcium'SalU  dissolve  with  tolerablo  facility 
^  in  hot  water,  and  ciystaUise  thorefpom.  The  copper-talt  is  a  white-gre^n  preeipiUT<*. 
\  The  potassium-aalt  mixed  with  cupric  acetate  appears  to  form  a  blue  double  salt.  The 
^iftlootbolie  aolution  of  the  and  heated  with  cnpric  salts,  throws  down  cuprous  oxide.  The 
,  lead-  and  silversolis  art  crystaUine  precipitates.  The  add  appears  to  be  moaobssief 
,  foriuing  with  neutral  acetate  of  lead  only  one  salt  contaming  C'HTbNO^  or 
C'H'Ppb"N*0*, 

WXTSOftOlfAVBTHAXaw.  C>«H"(KO)K?  Perk  in  and  Church  (Chem. 
6t>c.  Qu.  J.  ii.  I  ;  Jahresb.  1866,  p>  607),  by  the  action  of  nascent  hydrogen  on 
diuitroQiiphthalfne,  and  by  that  of  nitrous  acid  on  naphthylamine,  or  of  nitrite  of 
putaaiiiam  on  bydrochlorate  of  napththyhuninOf  obraioMl  a  dark  coloured  crystallitiit 
ttubstanoe  to  which  they  assigned  the  above  name  and  formula.  But  from  subsequent 
rrsearches  on  the  action  of  nitrtte  of  potassium  on  salts  of  napththylamine  (Chem.  Soc. 
J.  xri  207),  they  conclude  that  the  product  formerly  obtained  wtis  net  a  definite  com* 
pound,  but  a  mixture  of  two  or  more  different  Bub«t&ncc3,  and  that  when  proper  pre* 
cautions  are  taken  to  ensure  a  definite  reaction,  the  product  consists  etuH-ntially  of 
aaodinaphthyl diamine,  C^H'^N*  (p.  25);  they  are  also  of  vpinion  thut  the  body 
formerly  descnbod  by  them  as  nitrosonapbtbaliQ  has  no  existence.  Considering  how* 
«Ter  that  this  supposed  body  is  esactly  analogous  in  oompositioii  and  mode  of  for- 
mation to  m'troaetbylin  and  nitrosophenylin,  and  that  the  reaction  by  which  it  warn 
originally  obtained  is  said  to  have  given  rise  to  the  formation  of  more  than  one  oom- 
|>ound,  its  existence  cannot  perhaps  bo  regarded  as  completely  di«prov<^  The  action 
of  nascent  hydrogen  on  diDitromiphthalene,  by  which  nitrosonapntbalin  was  first  ob- 
tained, does  not  appear  to  have  been  re-examtned. 

«xrROSOFBZanrx.ZV.  eB'N'O  -  C*H*(KO)N.  Perkin  and  Church 
(Chem.  8oo.  Qil  J.  Lx,  1). — This  substance,  which  is  amdogous  in  composition  to 
nitrosetbylin  and  nltroeonAphthalin,  and  may  be  regarded  as  phenylamine  (C*H^), 
in  which  1  at.  H  is  replaeed  by  NO,  is  obtained  by  the  action  of  nascent  hydrogen  on 
dinitrobenzene.  When  a  piece  of  pure  sine  is  immersed  in  a  cold  satiirat(»d  alcoholic 
aolution  of  dinitroben3M»ne,  and  strong  hydrochloric  acid  is  gradujilly  added^  the  erolu- 
tion  of  hydrogen  soon  ceases,  and  the  liquid  gradually  acquirefr  a  crimson  colour.  At 
the  end  of  the  reaction,  the  sine  is  to  be  taken  out^  the  liquid  completely  neutralised 
with  alkali,  and  the  dark  coloured  ainc-oxide  repeati>dlv  wushod  with  strong  aloohoL 
The  alcoholic  solution  when  evaporated,  leaves  nitrosophenylin,  which  may  l^  purified 
by  washing  with  water,  re^solutton  in  alcohol,  and  evaporation  over  the  waler^lMth. 

Nitrosopbenylin  is  a  blacky  sinning,  brittle  substance,  wliich  m^lts  when  heated,  and 
then  decomposes ;  is  nearly  insoluble  in  waier^  very  slightly  soluble  in  benzene,  easily 
jioluble  in  actdt  and  in  alcuhol,  Ao  alcoholic  solution  containing  only  0*2  per  i^nt. 
nitrosophenylin  a ppeafs  opaque  and  of  a  shining  orange-red  colour  by  reflected  light, 
Strong  hydrochloric  or  ttdphuric  add  dissolves  nitroeopbenylin  with  a  splendid  crimson 
colour;  boiling  mine  acid^  with  yellow;  fuming  stdphuric  acid,  with  brown  ooLour. 
Alkali*  precipitate  it  from  its  acid  solutions  without  alteration,  at  least  if  they  act  for  a 
short  time  only.  By  the  prolonged  action  of  nascent  hydro^m,  nitrosophenylin  is  con- 
verted into  a  eoliurless  substance  not  containing  oxygen.  When  heated  with  soda4im4 
it  gives  ofif  all  its  nitrogen  as  ammonia  and  aniline. 

mrXOBO-nPBItXSXirs.     See  PinsRXDiNm. 
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IIG    NITROSO-SULPHATES— KITROSYL,  CHLORIDES  OF. 


irZTR<^BO*8irXi?SJLTX&,  commonlj  called  Niirmuipkat^,  Tltc'sc  »tx\H,  pro* 
dueed  by  the  »imn1t:iri«HjuHiioliou  of  nitric  oxide  and  aulpburuua  auliydnde«ju  tvlJctitioe 
liquidfs  Arc  u^utilly  fi?gttrded  m  sulplmtejs  io  which  one  tultom  of  uiygeii  is  diKplucw)  by 
2  atonii  of  nitro«5yl,  e.tj.  K*SO'(I^O)*-  A  dry  niixhirr  of  2  vol.  »»itlphurotts  fiiibydrtde 
and  4  voL  nitric  oxide,  though  of  it§plf  pt^mianent  isgnulually  AhworlK^d  hy  a  strong 
solution  of  CAUstic  pot-ash  or  aoda,  with  furiiiation  of  h  njtroHo.Huiphrtte  nf  alkiiii-Uicrid. 
X^itroaosuiphate  of  amnioniuvt  i»  propiiniHil  by  |xis«tiiip;  n  cnrreul  of  nilTic  oxidu  gna  fur 
9omfi  houm  through  a  cooleil  mixture  of  one  measure  of  coneentmtcd  golntion  of  siil- 
phile  of  ammonium  with  Bve  or  six  mi?aBur«>fi  of  iiqiuoiie  amruoniit.  Beautiful  white 
crystnJfl  gmduiiily  form,  which  are  to  be  wa&hed  with  an  icc-eold  solution  of  ammonia, 
dried  io  vucuo,  and  iirfflerved  in  a  well-cloeed  bottle.  The  jXfKusium-  and  sfidiunoaaltt 
mt^y  bo  prepiircHl  in  a  simiUr  manner.  They  are  rather  more  stable  than  Uie  ammo- 
Dium-Biilts. 

Nitrososnlphat*  solutions  have  a  sharp  bitter  bi4it«  ;  ihey  are  neutral  to  teut-pap^r 
and  do  not  giro  any  precipiUite  with  chloride  of  bifcrium.  They  are  perniFiiu'ut  only  at 
the  freezing  point  or  m  prejionce  of  an  oxcefis  of  canatic  alkali.  Their  etpont^ineous  de- 
composition Into  nitrous  oxide  and  a  eulphata  varies  in  its  rapidity  according  to  the 
t^mpcmture.  Free  iifids  and  most  metallic  Halts  trun»furm  the  nitrutso- sulphates  im- 
mediolel/  into  sulphuric  acid  and  nitrous  oxide  gas,  A  similar  docom position  of  the 
lis  is  Cffibcted  by  cout-tict  with  ipongy  platinum,  chareojd,  oxide  of  silver,  pcmxide  of 
SQiuiganfiAe,  &tL  : — 

K»SO'(NO)*     =     E*SO*     +     N»0. 

Dry  nitrososulphiito  of  ammonium  la  decompoeed  with  a]mo(»t  oxplosit'e  violence  when 
heated  to  a  tempt^raturo  a  little  aboro  that  of  boiling  watcr«  ( Odling's  Man  ual  of 
Chnjiisiri/,  p.  272,) 

XXTSOSTZZiSZC  ACm*  C**H»(NO*)0»?— An  acid  formed,  tog<*ther  with 
oeveral  other  prodnei^,  by  the  action  of  boiling  nitric  acid  on  stilbene  {a.  v.).  It  is  a 
yellowiflii  poinlOT,  nearly  insoluble  in  wat^r,  but  soluble  in  alcohol,  and  iitill  more  oo 
in  elher.    (La n rent,  Eer.  Sclent  xri.  373.) 

JiTTMOB'TTtLOlt*     Syn,  with  NrmoctmtAKKNS.   (See  CtitnjkUBKn,  \.  083.) 
VTrm,a»tn>9&JkI^ia  ACZXt.   La  u  r e  n  t '  a  name  for  the  compound  SO*(NO^)H. 
which  he  *(nppo6ed  to  constitute  the  crystals  of  the  sulphuric  acid  cnambf'rs. 

ifZTX;OSt3X^SAT£S«     Syn.  with  NiTuoso'SULPBiras. 

vmosiritFHXSiis   or  zBOir.    See  Ibon  (iii.  391). 

3rzxso8irZtFaQ8l*iB'ZJi>i:,    See  Sulfhobknzidk. 

SfXTS.08tlXFS0m£irXXOIC  ACID.  8yn.  with  NtTsoi*JnUfYL-avi,l>flu»au9 
Acm.     (See  SuLPiitKOus  ErufiSii.) 

Ji  ITMOStlXFHOCmEOl^C   AGXD,     See  Sttlphoctmouc  Acm. 

irrraciBVi^ggog'Aya.-x  gi  nxtic  aczb.    S«e  Scxpuohafbthauc  Aca>, 

irnHQBITXiPHaTCIXifnXZG    ACZH*     See  StrLpfiOTOLirruc  Acn>. 

jnTROSUXFSOSTlO&IO    ACIB.     See  Suu^hoxtlolic  Acid, 

MZTS08TX  or  AZOT^Zk.     The  Dame  of  tiitric  oxide  in  combinatiun, 

mrsaSTlN  Oa^OKXHSS  OV.  Nitrosyl  forms  two  chlorides,  a  proto-  and 
a  di-ckloride. 

The  proiochloride,  NOCl,  also  called  Ckloroniirmts  adx^  is  produced  by  the  direct 
combination  of  chlorin'^  and  nitric  oxide  gnses,  1  toI.  Cl  and  2  vol.  NO  uniting  to 
'  Ibrm  2  toL  chloride  of  nitnosyt  i  it  also  constitutes  the  principtd  product  of  the  l&tt«r 
itoffe  of  the  decomposition  of  nitromtinatic  acid  (p.  112), 

Ppotochloride  of  nitrosyl  is  a  dc'ep  omnge-coloured  gas.  It  is  condensed  by  afreeciiig 
mixture  of  ice  and  salt,  into  a  red  fuming  liquid,  possessing  the  peculiar  smeU  of  nitio- 
tnuriatic  acid.  It  is  decomposed  by  wnt^T  into  hydrochloric  and  nitrous  acids,  ojid 
acts  in  a  similar  manner  on  alkoliite  hydrates^  forming  a  chloride  and  a  nitrite  of  the 
alkoli-metol: 

NOa   +   2KH0   ^  KQ   +   K(NO)0  +   H*0. 
It  i»  deeoiapooed  bj  mercury,  with  Ibrmatioti  of  calomel  and  tibeintioo  of  nitric  oodde: 


HhgCl 


NO. 


NOa     +     Hhg 
It  doH  not  act  on  gold  or  platinum. 
Pickhride  of  Niir&M^I,  NOCl*,  called  by  Qay^LusBac^  who  diacoT«f«d  it, 
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CkUro-Hitric gat,  b  obtikifled  by  distilling,  at  a  gentler  lic^ttt  iu  u  vratf>r-LalKi  a  mijiitjr« 
of  1  |it.  of  stroi^  nitric  «dd  mih  about  3  pin,  of  hydrochloric  add.  Thf  products 
iiboulJ  be  pasiMMl  flnt  throttgh  a  TMeel  surroundod  with  ice,  and  theD  through  a  U-tubi» 

I  ittCi*!r»ed  in  s  mixtitM  of  ice  and  salt     la  thi«  lub«  the  compoond  coodeodes^  wbild 

ffiM  cblorini*  escapea  aa  gaa: 

HNO«     ^     3HC1     -     NOCl*     +     2HK>     +     CI, 
Diohlorid^  uf  nitroavl  ia  a  tmiapareDt,  red^  fuming  liquid^  which  may  be  dn»d  orer 
rhIor)<l<»  of  ealciuiD.     It  boila  at  —7^,  being  conrtrttd  into  a  do^p  lemon- yellow  gna  or 
nipour,  smelling  vtrotigly  of  Ditrorauriutic  acid.      Wht^u  decompoMd  by  alkaline  hy- 
dratf$t  it  farma  a  nitrate  aa  well  as  a  nitrite  and  chluride  of  the  aIkaU*nMlal,  thna: 

2NOC1*   ^-   «KHO  =  4Ka    +   KNO'   +    KNO'   +    SH*0. 

It  ftiict««  in  a  similar  manner  with  water,  producing  uitroua,  nitric  and  hydrochloric 
— ^     With  «^cf<aa  of  mereufy  it  forma  calomel  and  nitric  oxide.     It  does  not  act  on 
I  or  platinam. 

WmoTAltTAAZO   A^im.     Sea  T^btauic  Acid. 

iriXKOTHBnrB.     Syn.  with  Chou0TBOFHAK8  (i,  92d). 

ItXTKOTO JAJW^ nra.  Byn.  with  KiTMiBKNZTLAxiKn,    (Sec  Bskzylamutb,  i,  576.) 

MXTROTOliirKn   or  Jl XTMOTO&miXi.      Syn.   with  Htdiudb    of   NtT&o- 
iiNri'L.     (8«?f  Bkxztl,  HTPRinB  or,  i*  &74.) 
WZTmOTO&ITTXiAJmilB.     Sc«  ToLmrLAMjDK, 
MZTROTOXiUTXXe   AOX9.     See  TotUTUC  Acin. 
iVTT&OTTROSXjrs.     See  TriioautB. 
irrrmov  a  l.lSliT  a  yic   ACZS*    See  Valsjuanic  Aci0, 
MlTKOVS&ATmzc   AOIS*     See  Ybbatsic  Acu>. 
M  I'f&Q  V  XLKAT1M>  1»*     See  VaiUTBi^u 

S^e  AMYLKNa  (\.  208). 


axnt<IXAWTl^EVS,  VZTHOaCTStr&FSXHB  OF.  The  name  siren  by 
Gnthrtu  to  th«  coiupoui^d  C"H'*S(NO^)\  produced  by  btnting  diBulnhochJoride  of 
amyleoe  (i.  209)  with  strong  nitric  acid.  A  violent  action  then  take*  place,  the  diaul- 
pbochluride  being partlj con Terted  into  sulphuric,  hydrochloric,  und  oialic  acid,  together 
with  a  ooiuugated  sulphnric  acid,  not  yel  examined,  partly  iiit'7  tho  compound 
£[i»jji#s{^jjQT^t^  which  distila  orer  aa  a  heary  green  liquid,  iniwluble  in  water,  and  may 
be  obtained  pure  by  waehing  and  drying.  It  is  ictluble  in  alcohnl  »nd  ether,  and 
appears  to  be  very  eaaily  decompotfed  by  Hulphide  of  ammonium.  (G  i)thric,  Chcm. 
§OG._Qu.  J.  xiT.  138.) 

WttTWtQMSm   or   WXTm01CT3»,     Syn.  with  NtTSTi., 
nrxoSTSISinoxc   ACXX>,     See  OxTBurzoic  Acin. 
aTTROJ^T^SlSS   or   irmOSTXO^     See  Xtlenb. 


M ZTKOXTX-l^^KMXXmrx,  The  namp  giren  by  Wertheim  to  the  compoond, 
C*H'*(NO)N,  more  pnf*Tly  ci^llKl  Sitr<*9o*piptridinf.     (See  PiPMiiDma.) 

Wrr&OXTJrAVBTSAXiXC  ACXO.  C^<H*N0*  -  C**H*(NO^)0?  (Dueart, 
Compt.  rend.  Hi.  1183  ;  R«p,  Chim,  pure,  186l»  p.  315;  Jahrc^b.  1861,  p.  6i4.>— An 
acid  produced  by  the  oxidation  of  nitronaphthalene.  When  a  mixture  of  1  pt  nitro* 
^imphthalene,  1  pt.  cauatic  potaah,  and  2  pti.  alakcd  lime  ia  hentrd  to  140^  in  ft 
tubulated  retort^  tlirough  wnich  a  current  of  air  or  oxygen  is  slowly  passed,  the  gM» 
ia  abeorb^  the  mixture  tuma  yellow,  and  the  oxid^tjtion  ia  nearly  completed  in  ten 
or  twelve  hourt.  Wafer  extracta  from  the  product  a  reddish-yellow  potiiasi  urn -salt 
poaaeesing  great  colouring  power,  and  acida  added  to  the  solution  throw  down  a  thick 
yellow  magma  of  nitroxynacbthalic  acid,  which  may  be  puniled  by  washing  with  w«!*«r 

Nitroxynaphthalic  acid  otssolTea ewijy  io  water,  nhohof^  wood'*piriU  and  aettk  aHd, 
and  cryatalliiee  lk»m  the  latter  on  ooolina  in  needle-tthapt'd  cryntAlf  of  a  fine  golden 
yeltow  colour.  It  has  a  cooling  taste  wifi  bitter  afrcr-ta^ti*.  It  meltJ*  ai  about  10(P, 
liod  is  not  volatile.  It  ia  &  weak  add,  forming  with  the  alAah,<,  eitron^ly  cxiluuri'd, 
vi*ry  soluble,  crystallisable  aalta,  the  aolutions  of  which  form  coloun*d  predpifntes 
with  metallic  salts.  It  unites  with  actd  sulphate  of  potassium^  forming  a  eolottrlesa 
s.i}t. 

Busart  assigns  to  nitroxynaphthalic  acid  the  formula  C^IP{NO*)0.H0^  and  to  ita 
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salta  the  fommla  C^IP{NO*)O.MO,  that  is  to  say  he  regards  the  add  as  diflerinff  from 
iiitronaphthalene  by  the  addition  of  1  at  water  (&0),  and  1  at  0,  or  by  1  at.  HO'.  As 
such  a  constitution  is  contrary  to  all  analogy,  Wurlz  fRip.  Chim.pnre,  1861,  p.  81«) 
suggests  that  the  acid  may  be  formed  from  nitronaphthaJene,  either  by  addition  of  2  at 
HO,  making  the  formula  C7»//»(A0«)0*  or  C'»H»(NO«)0,  or  else  by  addition  of  2  at 
HO'  or  HO  to  2  at.  nitronaphthalene,  which  would  give  the  formula  C^'E'^N'O*   » 

c»n'«(NO'')»o«. 

Nitroxynaphthalic  acid  becomes  heated  in  contact  with  sulphuric  acid,  and  eliminates 
sulphurous  anhydride.  It  is  strongly  attacked  by  nitric  acid,  yielding  oxalic  acid  and 
a  resin  which  by  prolonged  action  is  converted  into  phthalic  acid.  By  reducing  agtnt* 
it  is  converted  into  ozynaphthylamine,  a  wesk  base  to  which  Dusart  assigns  tho 
formula  C-'/i'^iVO'.     It  is  more  probably  either  C'lfNC  or  C»H»N»0«. 

VZT&nai.  This  name  is  or  has  been  applied  to  several  salts  of  nitric  acid  and 
products  derived  from  them,  e.g.:  Nitrum  autimoniatum:  an  obsolete  pharmaceutical 
prepiiration  consisting  chiefly  of  nitrite  of  potassium  mixed  with  nitrate  and  sulphate 
of  potassium,  obtained  as  a  bye-product  in  tne  preparation  of  washed  oxide  of  antimony 
{anti'monium  diaphoreticum  ablutum),  by  igniting  sulphide  of  antimony  with  saltpetre 
and  washing  the  product  with  water. — Nitrum  cubicmH :  nitrate  of  sodium. — Niintm 
Jixum :  nitrate  of  potassium ;  also  carbonate  of  potassium  obtnined  by  deflagrating  salt- 
petre with  charcoal. — Nitrum  JUt/u mans :  nitrate  of  ammonium. — Nitrum  tabidatum 
or  Sal  prunella:  fused  8alt|>etre  (p.  101). 

VlTltlJL.    Nitric  peroxide  in  combination  (see  page  77). 

VOBKSVO&iA.TURB.  Chemical  nomenclature  is  the  spoken  langnage  of 
chemistry,  as  the  Symbolic  Notation  is  the  written  language  of  the  seienoe.  £eing 
thus  at  once  tho  product  and  the  instrument  of  thought  upon  chemical  mljects,  it  has 
necessarily,  at  every  jvoriod  in  the  history  of  tlie  science,  reflected  the  gen^nl  intellec- 
tual character  of  the  time,  as  well  as  the  ntage  of  development  which  chemistry  had 
reached.  Thus  the  early  and  deeply  rooted  belief  that  the  heavenly  bodiee  exerdsed  a 
direct  influence  on  all  terrestrial  afikirs,  gave  nao,  among  tho  early  cultivators  of 
physical  science,  to  the  idea  that  they  severally  determined  the  chaiactera  and  properties 
of  the  diflfercnt  metals ;  and  this  idea  recorded  itself  in  tho  language  of  chemivtiy  by 
Huch  names  as  Sol  fur  gold,  Luna  or  Diana  for  silver,  Mcrcurjf  for  quicksilver,  Jupittr 
for  tin,  Mara  for  iron,  Venua  for  copper,  and  Saturn  for  lead.  Traces  of  this  nomen- 
clature still  remain  in  exnn-ssions  not  yet  gone  quite  out  of  use ;  aa  Lunar  caustic,  arikfr 
DiasKB,  Martial  pyrites,  tincture  of  Mars,  Saturnine  poisoning,  andthelike,  to  say  nothing 
of  mercury,  which  is  still  universally  employed.  The  language  of  the  alchemists  was 
made  up  in  great  part  of  names  involving  far-fet«hed  comparisons,  indicating  the  mystical 
habits  of  thought  of  those  who  invented  and  employed  them,  so  that  it  is  now  next  to 
impossible  to  say  upon  what  principles  it  was  fuuuded — if,  indeed,  it  was  based  upon 
any  general  principles  at  all — or  what  ideas  it  was  meant  to  convey.  In  the  langugt 
of  I^ivoisier,  speaking  of  the  alchemists — "  II  lour  aurait  M  difficile  de  tranameCtre  k 
leurs  lecteurs  ce  qu'ils  n'avaient  pas  eux-memes,  des  id6es  justes  et  vraiea.  De  nloi 
leur  objet  n'etait  pas  toujours  de  se  faire  entendre-.  lis  se  servaient  d*nn  langage  raig- 
matique  qui  leur  ^tait  particulier,  qui,  le  plus  souvent,  presentait  un  sens  pour  lee 
adeptes,  un  autre  sens  pour  le  vulgtiire,  et  qui  n'avait  rien  d' exact  et  de  dair  ni  pour 
les  uns,  ni  pour  les  autres.  (Test  ainsi  que  Thuilc,  le  mercure,  Teau  elle-m6me  des  jdii- 
losophcs  n'ftaient  ni  I'huile,  ni  le  mercure,  ni  Teau  dans  le  sens  que  nous  y  attacnona. 
JJhmu)  galcatus,  I'homme  arm6,  d^ignait  une  cucurbite  garnie  de  son  chapiteau ;  la  tHe 
de  mort,  un  chapiteau  d'alembic ;  le  pelican  eiprimait  un  vaisseau  distillatoire ;  le  ami 
nwrtuum,  la  terre  damn^,  signiflait  le  r^sidu  d  une  distillation.*'  At  a  later  period,  \mm 
of  a  more  material  order  inspired  the  language  of  our  science,  and  slight  reeemblancea 
in  some  external  character  between  certain  chemical  products  and  common  artidee  of 
household  life,  gave  rise  to  such  names  as  <nl  of  ritriol,  oil  of  tartar  by  deliqnescence, 
cream  of  tartar,  milk  of  lime,  butter  of  antimony,  sugar  of  lead,  liver  of  sulphur ; — 
names  which  surely  justified  Dunas  in  saying  "I^es  chimistes  semblaient  avoir  emprunte 
le  langage  des  cuisinidres.*'  But  the  inappropriate  character  of  the  names  of  indi- 
vidual substances  was  not  the  only  defect  of  cncmical  nomenclature  in  early  times : 
another  great  fault  was  the  multiplicity  of  names  borne  by  a  single  substance.  Thus, 
for  example,  the  body  now  known  as  sulphate  of  potassium  was  called  vitriol  of  potash, 
vitriolised  tartar,  vitriolised  nitre,  sal  de  dtmhus,  areanum  duplicatum,  sal  d^ipUtiatum, 
panacea  duolicata,  sat  polt/chrestum  Glauberi ;  and  carbonate  of  potasfrinm  was 
Jixed  salt  of  tartar,  Jixt a  vegetable  alkali,  aerated  fixed  vegetable  alkali,  ckalkff  tartar 
(tartre  crayeux),  mephitic  tartar,  nitrum  fixum  per  se,  Alkahest  of  Vanhdmont,  aleali 
extemporaneum,  &c. 

According  to  Lavoisier,  the  merit  of  having  made  the  first  attempt  towards  the 
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^iou  of  A  DOin«Dclatur«  bwied  upon  truly  clicmicjil  priiicipleUt  is  chiefly  due  to 

Macquer  stid  BAntni  :  "C'ent  k  eux  quon  doit  princi^Kilemeut  d'uroir  d^ign^  les 
sela  m^taliiquet  {nu"  ]e  nom  de  Taoide  et  du  m^tai  qui  entreoC  dans  leur  comprisitioti ; 
d' Avoir  clAflM  soul  le  nam  de  uitriois  town  lf«  sels  riSaultaiits  de  \&  dissoluti^jn  d  uue  sub- 
liUuice  mitiLUiqiire  dana  Fadde  TitHolique ;  boua  le  Qom  de  nitreit  tous  h:>ij  shIh  duns 
lesqvflls  entro  I'licida  nttreux  "  [nitnc  ucidj.  A  fhrtber  adram^  towards  a  ByHtetimlio 
DOQCndatiiro  was  made  by  6 Q r  g m  a  R  in  his  S*:i^graphift  rr^ai  mimniiis,  first  pub- 
liiiied  in  tbe  tTpsat  TnnaactioiiB,  and  issued  f>«ptirately  in  1782  (th^  edition  that  haa 
been  couMultcd  ib  dated  London,  1 783),  and  in  his  Thoughts  miaSatural  Si/sUm  of  Fo^eiU 
published  at  about  the  unie  time.  This  work  has  been  consulted  in  "Essays  Pbysit'al 
and  Ch*'mical,  by  Sir  Torbom  Berfrmnn/*  Edinb.  1791.  In  the  former  work,  namett 
madr  up  of  a  noun-eubstantiro  to  indieate  tbo  bas<%  and  an  uc^jertive  denoting  the  iicid, 
are  given  to  tho  sails  of  the  aikaliis  eartlis,  and  metals.  Th^  fuHowing  is  a  ^pccim'^n 
of  this  nomenebtture  :^- 


Modern  nuuaeB* 

Sulphate  of  Potaanaoi 
Nitrate  «, 

Chloride  ,„ 

Carbonate)        „ 
Sulphate  of  Sodium 
Kitrat«  „ 

Chloride         ,, 
Ckrbooate       ,, 


AikctU  tYgftafnU  vitriolatuM, 
Alkali  titg<f  '  "  nfum. 

Aikali  vegu  «. 

Alkali  »fgrU  ..  ...   ...u/«. 

Alkali  mtncrale  titriolaittm, 

Atkaii  mintniltr  ttitrtitum. 

Alkali  mi f urate  xalitum. 

Alkali  niiutrale  aeratitm, 


^^^K  Tile  caiths  being  distiagiitshed  as  trrra  pondfrmaf  ettlx,  magnfHa,  argilla^  and  £rmt 
^^Ka&itto,  the  names  of  their  salts  wero  formed  in  the  samt"  viiy  hs  those  of  tha  salts  of 
T  tile  alkalis :  a*,  tftra  ponderwa  vitHolata^  atlx  fttttrratoy  mttgnrsia  aerata.  The  metaU 
I  Ho  salts  al«o  were  named  in  tbe  same  numner,  fM.frrrHm  pttHoffttuw,  ferrum  aeratum^ 
I  ffrrum  nilrahtmf  frrrvm  mliittm,  tinntm  vitriofntum,  ^c  In  the  Boeond  of  the*  wnrka 
I  mentioned  shore,  the  latt^^r  part  of  which  spwially  trrnts  •*  Of  giving  Namej*  to  Kosaila," 

^r. . ,.  .  ....^„(^^  ^  g^jU  more  f^yfitemtitic  nomenchiture.     In  the  first  ploee^  he  pro- 

I  e  all  metals  by  mimes  ending  in  -«w,  and  acoordinply  replaced  tha 

;  ^icintarda  by  platinum.    Th»?  acids  he  denoted  by  s^jectival  substantives, 

aj<  toUnws  : — vtiriolicum  (sulphuric),  sulphHreum  (sulphurous),  nitrutum  (nitnt*),  vi- 
tr^ftm  f  nitrous),  muriaticumt  rrgalmum^^ur/ratumf  artteniealr,horatinufn^*acvhnrifiumt 
t  .<  ^'irtarum^pkospA(freum,/&rmtttiii^aereu)n,&c. — ortV/wm  lieing  in  each  citK^ 

f.  By  admng  to  the  names  of  the  aeids  ndjeetivea  formal  from  those  uf  thu 

V  ^-ii,  be  obtained  names  for  tht'  neutral  salts  ;    as,  for  example,  i*itrit4icum 

J  /!»  tUnoikltm  natmtmn^  muHatieuvi  nmmonim'tnii,  nttrottiui   banft^ttnm, 

r  f>arjftAimHt  nitromtm  argrNtatutn,  artenicak  a^taltatum.     He  even  w*?ut  so 
fjir  as  lu  point  out  bow  salts  formed  by  the  mmbLnstion  of  the  same  acid  and  bni^ie  in 
Txrious  proportions  might  be  distin^ished :  thna — **  Tartar,  with  an  ejccees  uf  ac'id, 
rnn  b*' defined  by  a  combination  of  its  generic  name  with  th<'  geniiire  of  its  base,  as 
tartnreuiH  potaMini ;   but,    when  perfectly  saturate,   may  be  culled   tariareum  po' 
f^. ...  ^1,....      Jq  jj^^  manner  we  snail  have  oxalinum  pola*mm\  but,   when  exsirtly 
r  will  h«  oraJinum  pf>taisinatum ;  vitriolkum  trntri,  and  vitrk>licitm  natra* 
<m  boracini  [ ftoracf wttfn  na/n7],  and  Ix/racinttm  natratum  ;  and  su  on  t»f 
iii^m  "     We  have  in  tliis  passage  probably  the  first  instance  of  the  systematic  em  ploy- 
nt  of  the  method  which  has  been  used  to  so  great  an  extent,  and  with  bo  mot^h 
wSlBnUkUi^  in  modem  chemical  nomenclutJire — that,   namely,  of  employing  definite 
liillilions  or  changes  of  termination  to  tfxpress  definite  diflvrenees  of  composition. 

AboQt  the  same  time  that  these  rHbrms  were  proposed  by  Bergman,  a  similar 
ntfempt  was  mjide  in  France  by  Guy  ton  de  Morveuu.  Tht^  Mi^^gestlons  of  tb« 
French  chemist  wears  fizvi  published  in  the  Journal  dr  PAy/wyw-rforMay,  178*2,  and  wit* 
known  to  Bergman  when  he  published  his  Liter  system:  for  he  expressly  states  thut 
he  adopts  the  terms  baritf*  in  place  of  ttrra  ponderostrirom  de  Mon eau,  but  he  at  tli« 
same  time  asserts,  by  iraplicntion,  the  independent  character  of  his  own  nomenciatmTt 
by  expressing  his  satiefnction  at  the  agreement  he  finds  lMi.^ween  many  of  de  Morveau** 
proposed  refbrmw  and  his  own.  The  respectful  terms  in  which  each  author  speaks  of 
the  other,  forbid  ns  to  think  that  either  was  in  any  degree  chargeublc  witfi  plagtarism  ; 
but  the  following  FpeeinK'U  of  de  Morvean'a  nomeschtture  (quoted  by  Damaa  in 
his  Le^on9  dt  Pkilmaphif  Chiadqut^  p.  228),  will  show  tliat  it  closely  resembled  Beii^- 
mnn's,  not  only  in  the  principles  of  its  formation  and  its  range  of  apptieationj  but  alio  to 
~  Tcral  of  the  iudiridiial  names  adopted. 
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Specimen  of  Guyion  d$  Morveat^i  system  of  Chemical  IhrnmieUOme, 


AddM. 


Vitrioliqne 

Vitrioln      . 

PhlogiatiqiM 

Nitreux     . 

Nitres 

CalM 

Arsenical . 

An^niates  . 

Baryte 

Boracin     . 

Boraxs 

Or 

Flnoriqae 

Fluors 

Argent 

Citronien  . 

Citrates 

Platiiie 

Oxalique  . 

Ox&Itet 

HeieoM 

a&bac^      . 

Sebates      . 

CuiTre 
Esprit  de  Tin. 

Althoogb  de  MorTeaa*8  snggebtions  do  not  appear  to  bare  prodaced  an^  immediate 
effect  of  importance,  the  attention  which  he  succeeded  in  calling  to  the  subject  resulted 
soon  afterwards  in  the  publication  of  a  much  more  complete  and  mare  suooessful  plan 
of  reform.  This  system  of  nomenclature — the  joint  production  of  LaToisier,  da 
Morreau,  BerthoUet,  and  Fourcroy — was  published  in  1787,  under  the  title  "  MUhode 
de  yomenchture  Chimiow,  proposee  par  MM.  de  Mortfeau,  Lttvoieier,  Bertkoltt,  et  de 
Fourcroy,''  (Paris,  1787,  8to,),  and  still  continues  the  foundation  of  the  lan- 
guage which,  with  many  variations  in  minor  points,  is  employed  by  aU  chemists  at 
the  present  day.  It  was  based  upon  the  fimdsjnental  propositions  that  all  mbataaefa 
which  cannot  be  decomposed  must  be  regarded,  provisionally  at  least,  as  aimple ;  and 
that  the  names  of  compound  bodies  ou^ht  to  indicate  the  simple  bodies  whiefa  they 
contain,  and  also,  as  £ir  as  possible,  their  relative  proportions.  Thus  the  compoands 
idoxigine  were  subdivided  into  <md«e  and  acidee,  and  these  latter  were  agam  dis- 
tinguished by  specific  names  ending  in  -eux  or  "iqite  respectively,  according  as  thej 
contained  less  or  more  oxyeen :  for  example,  oxide  d^areeruc,  Ude  arUnique,  oxide 
ttitrtux,  aeide  nitreux,  aide  nitrique;  acide  etdfureux,  aeide  eidfurique.  When, 
however,  several  compoimds  of  the  same  elements  in  different  pn^KUtions  were  known, 
it  was  fouud  impracticable  to  cany  out  the  second  fundamental  rule  to  its  fhU  extent, 
and  in  such  oases,  as  for  instance  in  the  case  of  the  organic  adds,  arbitrary  names  were 
adopted,  which  recalled  the  derivation  of  the  subsUnces  to  which  they  were  ap^ed, 
and  wer«)  similar  in  form  to  the  names  formed  more  strictly  according  to  rule.  Thus, 
for  example,  came  such  names  as  acide  succiniqve,  aeide  malique^  amde  tartareux,  &c 
The  very  important  rule  according  to  which  the  names  of  metallic  and  other  salts  are 
formed  from  the  names  of  the  ooirespunding  acids — ^the  former  being  made  to  end  in 
'ite  or  -ate  respectively  when  the  latter  end^  in  -eux  or  "ique — was  also  now  intro- 
duced for  the  first  time.  The  nomenclature  of  this  class  of  bodies  thus  became  very 
nearly  what  it  is  at  present,  as  will  appear  from  a  few  examples : — euffate  d^alumine, 
or  eul/atts alu/nineux;  nitrite d^amnumiaque,oT nitrite  ammoniacal;  nitrate d^ammoniaqm 
or  nitrate  amMoniucal;  carbonate  barytiqve^  or  carbonate  de  baryte ;  phoepAate  de 
eoude,  &c.  &c 

The  miDend  acids,  oxides,  and  neutral  salts  being  almost  the  only  chemical  sob- 
stances  wliich  had  been  much  studied  at  the  time  of  which  we  are  speakinfl,  it  ia  no 
reproach  to  the  nomenclature  of  Lavoisier  and  de  Morveau  to  aay  that  in  its  original 
form  it  was  not  applicable  to  many  compound  bodies  besides  these ;  but  the  £mA  that 
so  much  of  their  system  is  still  ret4uned,  and  that  our  present  nomendature  baa 
resulted  from  it  by  a  process  of  development^  rather  than  of  oxgante  change^  sa  a 
striking  proof  how  well  they  succeeded  in  their  professed  object  of  deviling  "UM 
m^thode  de  iionimer,  plutut  qu  une  nomenclature.'* 

It  is  obvious  fn»m  what  has  b^n  said  that  Lavoisier's  nomenclature  was  an  em- 
bodiment of  the  antiphlogistic  docirines  in  chemistry,  and  accordingly  we  find  that  tha 
history  of  its  spread  and  adoption  is,  in  the  main,  the  history  of  the  advance  of  these 
doctrines.  It  naturally  came  into  general  use  earlier  in  France  than  elsewhere^  bat 
according  to  Kopp  (Gtschichte,  ii.  418),  it  was  adopted  by  Black  and  other  leadins 
English  chemists  almost  from  the  first*  The  Syetime  de  Nomenclature  waa  translated 
into  English  by  Pearson,  the  translation  reaching  a  second  edition  in  1799.  In 
1802  Chenevix  published  a  work,  ably  advocating  its  adoption,  and  one  ci  the 
earliest  important  improvements  which  it  received  was  due  to  Dr.  Thomas  Thorn  son, 
who  in  1804  introduced  the  terms  protoxide,  deutoxide,  peroxide^  &e.,  to  distinguish  the 
different  degrees  of  oxidation  of  the  same  metaL  The  new  nomenclature  was  tranalaled 
into  Gherman by  G irrtanner, in  1791,  under  the  title  JSeue  ^hemiache Nomenelatw  Jur 


•  This  rtatem^nt  cannot  be  more  than  pnrtially  tme  in  lo  far  s»  ft  ralatet  to  Bladi ;  for  ■  _ 

|U>Inmo,  **  He  dikliked  the  avnwed  principle  of  the  nomenclature,  thlnklof  It  aiore  likely  lo  correpi 
tcisoce  than  to  promote  it ;  and  he  began  to  wriu  some  obMrvations  vpoo  it,  bot  he  soon  tfeslflsA* 
iMckt  leeturet  on  tke  Ekmente  ^  CkemMrw,  vol  ii.  p.  il9^ 
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I        ^ 

^^  me 
I  to 


i?»e  dfMitcht  Sproicke  (Berlin),  but  iU  genvml  i»dopttoD  in  O^rmanj  wns  dae  in  grent 
meiiflare  to  Gren  ana  to  Gilbert  the  tditor  of  the  Annalen  der  Phynk,  a  journiil 
which  was  th«  fbrertLnniT,  from  1799  to  1S24,  of  the  presefot  ''Poggeudorffs  Antialen 
der  Phjsik  nnd  Chemifli**  In  1795  it  waa  translatftd  into  Swediah  by  Ekebf  rg^und 
was  employed  by  Beraelias  in  hia  eartiett  tnemoin, 

la  IB  14,  a  Dommelatiire  baa«Hl  upon  Himiljir  priodpl«a^  but  aa  was  siippoaKsl  by  ita 
author  noire  in  harmony  with  the  gvnius  of  the  languages  of  Kortbern  Europe,  waa 
prcrpoaed  by  Oersted  of  Copeahagen*  The  following  ai«  a  few  examples  of  thia 
nomeoclature :  Eld,  oxygen  \ttom  Dd  —  flre^  DaitiiJI);  Eldluft,  oxygen  gaa; 
eld  en,  to  oxidise;  Brint^  hydrogen  (from  br«^nnen  s  to  burn,  Girm.\;  £ach, 
iikali;  itschig,  alkaJine;  Tana»sk,  potaah;  Naterseak,  soda ;  SrafTelbrintadl 
^rafveltaotosk,  sulphydnte  of  potadssium. 

The  spread  of  the  new  nomenclature  was  not  howerer  altogether  noo^poacd  ercn  h^ 
chemiats  who  accepted  the  mg«it  im^rtant  doctrinee  of  the  antiphlo^iatio  achooL  Sir 
Humphry  Davy  in  particular  objected  to  it,  ou  the  ground  that  tt  was  based  upon 
theon^tical  Tiewa  m  the  composition  of  bodiea.  While  Mdmitttug  thut  the  principle  of 
regarding  undecomposed  botliea  as  aimple^  was  **  logical  and  truly  philosophical/'  he 

intended  that  this  pnncipte  could  not  be  safely  taken  an  the  baais  of  a  nomenclaturet 

itil  all  the  elements  were  cortainty  known ;  mid  hence  he  preferred  such  names  aa 
metaUi  fartki,  aikahs  (which  merely  clajt,^  together  as  simibir  the  bodies  to  which  they 
are  applied^  U>  names  like  osidfs^  tuiphureiji,  muHaUa  (which  inrolve  a  theoretical 
expluiation  of  the  simihinty  of  the  bodies  denoted  by  them).  In  applying  thitie  riewa 
to  the  oomanclatare  of  individual  subetaocee,  Davy  endeavoured  '*  to  signify  ibe  anulo- 
giea  of  subatuioeB  by  some  common  «ign  affixed  tu  the  beginning  or  termination  of  the 
vord."    lliua,  aa  the  mftjils  had  been  diatinguisbecl  by  a  termindtion  in  um  aa  itumm, 

ao/*  he  aaid,  **  their  calciform  or  oxidated  ftate  might  hurc  bet^n  denoted  by  a  t^mina- 
tion  in  a,  aa  aura'^  a  rule  already  fnUowod  in  the  Latin  nomenc];iture  of  the  lilkulis 
and  earths,  which  Ihivy's  own  expiTiments  had  proved  to  belong  to  the  cIhjjs  of  oxidt*^. 
Simihirly  he  propoeed  to  denote  the  chloridea  contaluing  one  proportion  of  chlorine  by 
namea  emdii^  in  -ane^  and  those  oontaining  two  and  th^  proportions  respaotively,  by 
oamet  in  -ono,  and  in  -an^i  /  for  the  iodides  ho  proposed  names  in  -amr,  and  -ama ;  for 
^tho  iluoridesy  names  in  -aU^  and  -ata^  According  to  this  system  the  oxide,  fluoride, 
iodide  and  chloride  of  lead  were  called  respectively  jp/umAu,  plumtioia^  ptumhamaf 
and  pfumbana^  and  thm  corresponding  com |,)oq rids  of  other  elements  received  namea 
similar  in  furm.  When  he  propo«4e<l  this  nom^^nclature,  Diivy  seems  to  have  over- 
looked the  fact  that  the  statement  that  any  two  bodies  are  amdogous,  is  just  as  truly« 
and  amaUy  to  about  the  aam«  extent,  an  eJtprrssion  of  opinion  respecting  them,  as  it  is 
to  My  that  they  contain  some  particular  element  in  common.     The  oulj  relic  of  this 

'stem  which  we  remember  meeting  with  in  the  current  literHture  of  chemistry  is 

xotan,  which  is  eot^vd  in  the  Hamdtporterbuck  der  Ckrmie  (2od  edit.)  us  "a  little 

ed  name  for  chloride  of  nitrogen." 

Sereml  other  attempta,  not  more  suoeessful  than  that  of  Davy,  have  been  made  to 
ttibatitiite  some  entirely  difTerent  method  of  nomenclatnro  far  that  proposed  by 
Lavokier  and  Idi  ooUeaguea,  but  it  would  off^r  no  partiaular  int^^rest  to  examme  them 
h«re.  ReUBMBOia  to  workot  where  particQlars  may  be  found  relative  to  some  of  these 
attempts,  are  given  at  the  end  of  thts  aiticle. 

It  is  also  needlesa  to  par^culoiiae  all  the  modificotioM,  by  the  gradual  iutroduetioi» 

^l>f  which  the  Lavoisieriao  uomenclalure  has  developed  into  Oie  language  employed  by 

hemista  at  the  present  dny.     Th^  most  important  of  these  changes  have  hod  fur  their 

l>ject,  either  the  substitution  of  names  in  accc^rdance  with  modem  views  of  tlie  nature 

of  certain  subatancee  for  earlier  names  which  were  in  opposition  thereto  (h«  of  chiorine 

dkydroekhric  acid  fat  os^uriatic  addend  muriatic  at'id  r«»«pectively );  the  more  exact 
tamant  of  the  quantitatiTe  composition  of  compounds  (as  for  instance  the  employment 
tha  prefixes  /»*-»  hsfpo-t  ^e^  in  addition  to  the  terminations  -it  and  *owt,  'Ote  nnd 
•lYr,  to  diatittguish  the  vanona  claasea  of  oxygen-salts  funned  by  the  same  element,  and 
the  oan  of  numerical  prefixes,  toeh  aa  ifi*,  tri-,  Msqui',  for  anatogoas  purposes) ;  or, 
lastly,  the  introdociion  of  greater  nnifbrmify  in  the  methods  of  naming  analogous  com- 
pounds (aa  the  employment  of  the  termination  -idf  in  forming  the  names  of  the  binary 
compounds  of  all  the  elements,  thiit  is  to  say.  the  substitution  of  such  namc«  as  nc/pAii^, 
ktidride^  &c^  for  suiphurft^  kjfdurri^  iu\ ;  the  extension  of  the  use  of  the  terminations 
-fc  and  'OM  to  metallic  aalts,  such  as  mnruric  and  mt>rcuroHS  chloride,  ferric  ant! 
^rrnma  sulphate,  &C. ;  and  the  substitution  of  the  names  of  the  alkali-metals  and 
llknlioe'e^rth  metala  for  those  of  their  oxides  in  the  nompnclscure  of  the  corresponding 

VgcU'Salts,  f,g,^  carbfmaUt  of  sodium,  suJfhate  of  haritiw^  iic.^  for  carfjotwtt  of  sodn^ 

IpAaU  o/  (taryia,  &c,  so  aa  to  bring  the  names  of  these  bodies  into  uniformity  with 

otuf  of  the  salts  of  the  heavy  metaU,  sulphate  of  lytj^prr  fur  example*). 

*    The  nnmt*  Mtirats  <ie  ttrndt^  iuiraL«  <1f  barjfif,  ciilfale  d*   rcrirrr.  a<*..  were  r>tlgii»a1l5  •trkilj 
>«icl»  other,  ioda,  barju  aaij  coj«i'er  bt-irg  «ll   of  ibeia  rri^rdtd  «j  •imple  bodtei^  but 
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In  stating  the  rules  which  are  now  most  generally  adopted  in  forming  the  names  of 
chemical  sulMitances,  it  will  be  convenient  to  retain  the  old  distinction  between  inor- 
ganic and  organic  compounds,  the  nomenclature  of  the  former  class  bein^  as  we  have 
already  stated,  for  the  most  part  a  mere  extension  of  that  of  Lavoisier  and  his  colleagues; 
while,  among  the  latter  class,  the  large  number  of  bodies  composed  of  the  same  elements 
has  necessitated  the  at  least  partial  adoption  of  other  principles  of  nomenclature. 

NoKENCGLiLTURB  OF   InOROANIC  BoDIES. 

Names  of  the  Elements. — No  uniform  principle  has  been  followed  in  the  nomencla- 
ture of  the  elementaiy  bodies.  Those  which  have  been  long  known,  have  been  allowed 
to  retain,  either  entirely  unaltered,  or  with  slieht  modifications,  the  names  which  belonged 
to  them  in  common  language;  as  iron,  sulphur,  tin,  zinc,  carbon,  &c.  Of  ele- 
ments discovered  in  recent  times,  those  of  which  compounds  were  previously  known 
have  generally  received  names  derived  from  those  of  their  best  known  compounds,  as 
potassium,  sodium,  aluminium,  magnesium,  silicium.  Elements  whose 
discovery  belongs  more  completely  to  modem  times  have  been  named  in  very  various 
ways ;  sometimes  from  the  name  of  the  place  where  the  substance  which  first  yielded 
the  element  was  originally  found,  as  strontium  from  Strontian,  and  yttrium, 
terbium  and  erbium  firom  Ytterby;  sometimes  from  some  characteristic  property 
of  the  element  itself  or  of  its  compounds,  as  iodine,  bromine,  rhodium,  osmium, 
ehromium;  sometimes  from  the  circumstances  which  led  to  the  discovery  of  the 
element,  as  caesium,  rubidium,  thallium,  indium,  all  of  which  names  refer  to 
the  colour  of  the  spectroscopic  lines  by  means  of  which  the  respective  metals  were 
detected ;  sometimes  a  salient  chemical  or  phvsical  property  has  determined  the  choice 
of  the  name,  as  in  the  cases  of  oxygen,  and  chlorine.  Many  names  of  elements 
commemorate  personages  of  classical  mythology,  as  palladium,  niobium,  titanium, 
selenium,  tellurium,  uranium;  while  two,  thorinum  and  vanadium,  per- 
form the  same  office  for  Scandinavian  deities. 

But  notwithstanding  this  great  variety  in  the  sources  from  which  the  names  of  the 
elementary  bodies  are  derived,  these  names  yet  exhibit  a  certain  amount  of  regularity 
in  regard  to  their  forms :  thus,  the  m^ority  of  the  metals,  including  all  those  discovered 
in  recent  times,  have  names  ending  in  -mot,  and  this  termination  is  confined  exclusively 
to  well  characterised  metals  and  to  selenium,  tellurium,  and  silicium,  bodies 
which  lie  nearly  upon  the  border-line  between  metals  and  metalloids;  again,  the  names 
of  the  halogens  fluorine,  chlorine,  bromine,  and  iodine  all  end  in  -ine,  and 
the  names  of  another  group  of  somewhat  analogous  elements,  boron,  carbon,  and 
silicon  *  (or  silicium),  have  the  common  termination  -on. 

Names  of  Inorganic  Compounds. — The  simplest  compounds  of  the  elementary  bodies 
are  denoted  by  names  ending  in  -ids ;  thus : — 

The  simplest  compounds  of  chlorine  are  called  chloridea. 

„  „  bromine  „  „  bromides. 

,»  ,1  hydrogen  „  „  hydrides. 

II  i>  oxygen  „  „  oxides. 

„  „  sulphur  „  „  sulphides. 

„  „  nitrogen  „  „  nitrides. 

„  M  phosphorus  „  „  phosphides. 

«,  „  carbon  „  „  carbides. 

These  names  may  be  considered  as  names  of  genera :  in  order  to  denote  individval 
eompounds  we  require  to  add  to  them  specific  distinctions  indicating  the  second  elemenfe 
which  each  particular  compound  contains.  The  specific  name  of  a  compound  body  is 
formed  from  its  senerio  name  by  prefixing  an  adjective,  generally  ending  in  -ic,  or  by 
adding  thereto  Uxb  name  of  its  second  elementary  constituent  preceded  by  of.     Thus 

when  Um  alkalli  and  eartbt  bad  been  prored  by  Davy  to  be  metallic  oxid»i,  tbe  nomenclature  of  their 
talti  ceased  to  be  in  exact  accordance  with  that  of  the  cnrretponding  lalri  of  the  heavy  metal*.  Ttm 
clumsy  remedy  for  tbtt  state  of  things  which  consisted  in  designating  the  Utter  class  of  salts  by  namea 
like  sulphate  of  oxide  <tf  copper^  sulphate  of  pnOMcide  of  rron,  sulphate  of  tetquimtide  a/*  irom.  te.» 
would  assuredly  never  hare  been  adopted  by  Lavoisier.  It  is  pl^in  irmn  many  passages  In  nia  wnUngs 
(s«e,  for  instance,  his  TraHf  iUmentaire  de  Ckimfe,  vol.  I.  pp.  174. 176-180,  and  19ft).  that  be  was  IkdOy 
awara  of  the  important  dilTerencet  eahibitad  by  metals  on  tbe  one  hand,  and  by  metallic  oxUea  or 
alkalis  and  alkaline-earths  on  the  other  band.  In  the  phenomena  which  nccompauy  ibeir  oonveraion  Into 
salts,  and  that  he  even  regarded  these  phenomena  as  indicating  that  the  alkaline-earths  were  in  realty 
metallic  oxides.  He  nevertbeleu  did  not  venture  to  Introduce  Into  the  iianiet  of  the  salts  of  thoae  tab. 
stances,  the  namea  of  the  metals  which  he  supposed  them  to  contain.  Inasmuch  as  the  exUteBee  of 
these  metals  had  not  yet  been  experimentally  demonstrated  ;  but  knd  these  metals  been  known.  It  Is 
quite  certain  that  their  namen,  and  not  those  of  their  oxides,  would  have  been  selected  by  htm  to  T 
t  he  basis  of  the  nomenclature  of  the  corresponding  salts.  See  alao  Chenevix,  Rcwmrkt  mm 
Nomemdalure  ( Lond.  IMS),  |ip.  ao,  79. 
*  The  name  Grapkom  (f .  v.)  Is  formed  upon  the  analogy  of  thete. 
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th**  et^inpouDdi  of  chlorloe  with  hydrogen »  potas^iium  and  silrcr,  rcspectiTely,  aro 
cidled  bydric  chloride  or  cbloridi)  of  hydrogen,  potnasic  chloride  or 
chloride  of  potaitiniBf  and  argentic  ehloridf  or  chloride  of  eilyer.  When 
the  n.'ktiTe  electny-chemical  chamcteni  of  the  consttttietits  of  a  binary-compoimd  ara 
well  marked,  the  most  elactro-Deeative  of  the  two  t«  nlways  tuken  a/t  thi^  ooe  which 
f^luill  mpply  the  generic  iiaiDe>,  while  the  specific  deaigtuUioD  is  derivod  from  the  more 
elt«ctro-po9itiTe  cotifttituent^  as  in  the  foregoing  examples.  When  there  Is  no  very  dis- 
tinct difference  in  the  posttiona  of  the  two  constituents  in  the  clectro-chemical  series, 
the  generic  or  apecific  name  may  he  formed  from  either  of  them  indifr^reatly  :  thus,  we 
nmy  my  either  carbide  of  hydrogen  or  hydride  of  carbon. 

J(  the  iuimo  two  elements  combine  in  more  than  one  proportion,  the  compound  into 
mhich  they  enter  in  the  ratio  directly  indicated  by  their  respective  combining  capacities 
( CLas!iifTGATtoN,  I.  101 1)  IS  generally  named  in  accordance  with  the  above  mlea;  the 
modes  of  distingniahing  compounda  in  other  proportions  will  be  seen  by  the  following 
rzamptes : — 

H'O        «  hydrie  oxide,  or  oxide  of  hydrogen, 
HK>*       -m  hydrie  dioxide,  or  dioxide  of  hydrogen; 
CuCl'       ■-  eaprie  chloride,  or  chloride  of  copper, 
Ca*Cl'     =  cuprous  chloride,  or  dicupric  chloride,  or  (if  rpgardcd  as 
Q^£[  „  — - —  r  GUpric   hemichloride,  or  hemicbloride 
of  copper,  or  subchloride  of  copper; 

r»  cnpric  oxide,  or  oxide  of  copper, 

»  cuprous  oxide,  or  dicupric  oxide,  &c. ; 

»  ferrous  oxide,  or  protoxide  of  iron, 

a>  ferric  oxide,  or  sesquioxide  of  iron; 

»  manganous  oxide,  orprotoxide  of  manganese, 

B  manganic  oxide,  or  sesquioxide  of  manganese^ 

■»  manganoso-manganic  oxide, 

«  manganic  dioxide,  or  dioxide  of  manganese,  or  manganic 
peroxide,  or  peroxide  of  manganese. 

1 1  will  be  Keen  that  in  the  ease  of  iron  and  manganese,  the  simple  JUkmt^  ferric  i*xtt/e 

and  mrtitifnnic  oxide  are  not  giren  to  compounds  whose  composition  bears  the  most 

direct  rektion  to  the  atomicity  of  these  metals,  and  many  other  instances  of  the  same 

kind  might  b«  adduced.     The  reason  of  this  is  that  the  nomenclature  of'  theae  com- 

I  Bounds  was  fixed  long  before  the  rules  of  atomicity  bad  been  discoTcred  ;   the  tfrms 

i  ferrous  and  ferric^  manganoos  and  manganic^  and  the  like^  having  been  employed  ut 

'  first  merely  to  dioote  two  distinct  series  ol  eompouuds  formed  by  the  name  elements  iu 

I  different  pioportiofii^  but  without  any  reference  to  the  absolute  proportion  of  the  elemcnta 

ID  the  Qompounda  of  either  series. 

The  nomenclature  of  chemistry  still  bears  fracrs  of  the  time  when  the  combinations 
of  oxygen  were  conaidered  as  altogether  transcending  in  import  mice  thosie  of  any  t>lber 
element.  Accordingly  the  terms  protoxide  and  segquioxidc  having  been  introduced  to 
dofiote  oxides  whose  atomic  compoeition  was  expressed  by  the  ratios  1  :  1  and  2  ;  3 
?**spectively,  the  analogous  t^rms  protoehUmdt  and  xrtquiehlorid*  are  spnlied  to  the 
corresponding  chlorine-compounds,  although  in  their  case  tlie  above  ratios  become  1 :  2 
and  2  :  6,  €.g.  FeCl*  «  protochloride  of  iron,  Fe-d*  —  sesquichloride  of 
iron.  Sometimes,  however,  the  term  protoxide  is  used  to  denote  the^V*^,  or  lowe»t| 
crxide  of  a  metal  whatever  its  atomic  composition  may  be  ;  thus,  for  inetanf^e,  cuprous 
fixide,  Ca*0,  is  sometimes  called  protoxide  of  copper,  especially  in  the  writings  of 
French  chemists,  and  the  other  compounds  of  the  metal  receive  corre8[x>ndin^  names; 
t,g,  cupric  oxide^  CuO,  beoomes  deatoxide  of  copper.  Such  names  aa  these  are  not 
however  to  be  reoommecided,  since  the  discovery  of  a  new  oxide  of  any  metal  might  ut 
any  time  throw  the  nomenclaCure  of  its  compounds  into  confusion. 

Formerty  a  distinction  was  made,  at  least  by  some  chemists,  between  the  Greek  and 
I^tin  nuraemls  when  UAcd  as  prefixes,  the  former  being  employed  to  denote  sub-mul- 
tiplea  und  the  latt'Cr  multiples  of  the  quantity  of  the  electron egative  element  contained 
in  thf  compound  whose  atomic  mtio  wajs  1:1.  Thus,  cuprous  oxide,  Cn'O,  was  called 
dioxide  nf  coppr^r,  and  mtingjiric  pennxide,  MnO\  was  culled  hmiMiid^  a/  manqaneae. 
\  Snell  prrfixef*,  whether  derived  from  the  Greek  or  Latin,  are  employed  in  this  work 
only  in  the  sense  of  mnltipb  !>>  of  those  constituents  to  whoso  imm^s  they  ttre  attached, 
thus,  hydrie  dioxide,  H'O*,  is  *in  t     '  .      -      .    *  i  ,     ,  • 


CnO 
CuK) 

FeO 

MnO 

Mu»0* 
MnKH 
MnO» 


oxide  containing  twice  as  much  oxygen  as  hydrie 
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oxide,  H-0 ;  but  dienpric  oxide,  Cu*0,  is  an  oxide  containing  twice  as  macb  cojmer  wt 
cupric  oxide,  CuO.  Terms  derived  from  either  language  may  sometimea  be  naedindifl- 
criniinately,  but  in  general  the  preference  is  given  to  the  Greek  prefixes  rfi-,  tri-,  tetr-.  See, 

The  restriction  of  the  terms  stihoxide  and  peroxide  to  oxides  whose  compontion 
did  not  correspond  to  that  of  a  series  of  salta  has  now  become  nearly  obsolete. 

Those  oxides,  which  by  reacting  with  the  basyloos  oxides  are  capable  of  prodnciog 
salts,  are  commonly  called  anhydrides  {quasi  anhydrous  acids):— for  instance,  SO* 
=»  sulphurous  anhydride,  SO"  =  sulphuric  anhydride,  C1*0  «  hypochlorous  anhydride, 
Cl*0*  ■•  chlorous  anhydride,  C1*0*  «  chloric  anhydride,  C1*0'  =  perchhrie  anhydride, 
&c.;  and  Gerhardt  proposed  to  extend  the  same  princijple  of  nomenclature  to  the 
corresponding  compounds  of  other  elements :  thus  he  cadltsd  F'O*  vhosphorie  anhydride, 
and  r*S*  and  PCI*  phosphoric  sid^hanhydride  and  phosphoric  chloranhydride  leepec- 
tively.  Such  names  as  these  last  have  not  been  extensively  adopted,  and  it  would 
probably  be  a  greater  adi-antage  to  get  rid  of  the  term  anhydride  altogether  than  to 
generalise  its  use  in  this  way.  The  longest  series  of  oxides  may  be  easily  named  in  the 
manner  indicated  above  (p.  123)  without  employing  the  word  anhydride  at  aU :  asClK), 
chloric  oxide ;  Cl'O*,  chloric  dioxide ;  Cro*,  chlonc  trioxide ;  C1K)\  chloric  tetioxide ; 
C1K)\  chloric  peutoxide,  fee  Names  like  perchloric  oxide  for  CIK)*  and  pemUric  oxide 
for  NK)*  are  improper ;  if  the  prefix  per-  is  preferred  to  the  more  definite  numerical  pre- 
fix tttr-,  the  compounds  should  be  called  chloric  peroxide  and  nitric  peroxide  zespec- 
tiyely ;  and  so  fur  other  similar  bodies. 

As  well  as  the  strictly  systematic  names  which  we  have  hiUierto  been  discussing, 
many  binarjr  compounds  possess  other  names  which  must  be  re^parded  as,  to  some  ex- 
tent, exceptions  to  the  general  rules  of  nomenclature.  This  is  the  case  particularly 
with  the  compounds  of  hydrogen :  thus  hydric  fiuoride,  chloride,  bromide,  iodide,  and 
sulphide  are  also  called  h^(uofiuoric  acid,  hydrochloric  acid,  hydrobiomic  acid, 
hydriodic  acid,  and  sulphydnc  acid  respectively.  Names  such  as  water  and  ammonia,  ■ 
which  have  no  reference  to  chemical  composition,  we  have  not  now  to  consider. 

As  has  been  pointed  out  in  previous  articles  (CLASStncATioir,  i.  1015 ;  EQUiYAUEirTS, 
ii^  492  ;  FoRMUUB,  ii.  696),  uie  simplest  compounds  are  those  in  which  the  combining 
capacities  of  the  elements  are  generallr  most  distinctly  manifested,  and  consequently 
such  compounds  servo  as  standards  of  comparison  or  types  for  others  of  much  mors 
complex  composition.  In  a  rational  nomenclature,  therefore,  the  name  of  each  com- 
pound would,  like  its  rational  formula,  express  the  relation  in  which  it  stands  to  some 
particular  standard  or  tmcal  compound.  Accordingly,  when  the  nomenclature  of  the  pri- 
mary types  chloride,  oxide,  nitride,  &c.,  is  given,  the  nomenclature  of  all  their  immediate^ 
derivatives  is  easily  obtained.  The  examples  already  given  will  sufiice  to  illustrate 
this  in  the  simplest  cases ;  the  polyatomic  elements  however  frequently  form  oomponnda 
referable  to  multiple  or  mixed  types,  the  nomenclature  of  which  requires  a  little  further 
explanation.  It  will  be  sufficient  however  to  give  the  names  of  the  most  important 
multiple  and  mixed  types,  with  a  few  examples  of  the  nomendatore  of  individual 
(Kmi  pounds. 

The  names  of  the  multiple  types  are  formed  from  those  of  the  simple  tjrpes  by  pre- 
fixing the  syllables  eft-,  tri-,  tetr-,  &c. :  thus,  the  simple  types  chloride  fiCL  oxide 
H*0,  and  nitride  (or  amide)  H"N,  give  the  multiple  types  di chloride  HK)!*,  tri- 
chloride H"C1',  &&,  dioxide  H^O'.  trioxide  H'O*,  &c,  dinitride  (or  diamide) 
H'N',  tri  nitride  (or  triamide)  H*N',  &c.  No  very  fixed  system  has  yet  been  adopted 
for  the  nomenclature  of  the  mixed  types,  but  they  may  be  veiy  simply  named  and 

with  scarcely  any  departure  from  established  usage,  as  £Dllowa :  ^^  [  *■  ehloro- 
bromide,     ^g^,  |  «  dichloro-bromide,   ^sq^  ^  »  chloro-dibromide,  &c  ; 

HCl  )  H'Ci')  Hrn  ) 

JJ2Q  J«=  o?i-chloride,jj,Q  >=  oxi-dichloride^  q«^,| ->  dioxi-chlorid^ 
jjfQ,  J«  trioxi-dichloride,&c.;  jjgj^J«chloro-nitride,2^  |-  dichloro- 
nitride,  g«j^?  -  chloro-dinitride,&c.;  g.jj|  «  oxi-nitride,  gsjj^f  "  dioxl- 

TT2Q    \  HCl   1 

nitride,   „,„,{«  oxi-dinitride,&c.;     H'^0  > -oxi-chloro-nitride.fte.   The 

name  hydoramide  or  hy  dor  amine  has  been  suggested  by  Eekul^  for  the  miz«d  type 

|]t^  > ,  and  has  been  employed  in  several  places  in  this  work. 

From  the  names  of  types,  the  names  of  particular  compounda  are  obtained  by 
prefixing  to  them  adjectives  which  express  the  nature  of  the  elemwt  fay  vfaim 
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the  hjarogtm  of  tbc  type  im  r«*pUcod  iind  the  niinil>c>r  of  atoma  of  it  eontatoetl 
ill  000  molecule  of  the  compound.  Examplt^ :  PtCl*  =  platinie  dichlg* 
ride.  '  rb*0*     B  diplumbic    trioxide.    Pb*0*    »   trtplumbjc    tetroside, 

„^  lo*  •  dipUmbo-dihydric  trioxid^,  ^  |0*     =    triplumbo-dibydric 

1  CI  *        «      .  I  CI' 

tetrozide,Bt]Q    »  bitmathic  oxi'ehlo?idr»  ^^/O    ^  diplnmbicoxi-di' 

chloride»Pb"jQ<   «  tripUrabic   diosi-diehloride,  Hg"  jp^  «  trimercurtc 

dioxi*dicbtoride,      {mf[   —  mercuTO  (or  hjdugyfo-)  dibydrie  ehlofo-ni- 

trlde,  u*N'(  ~  t^trimercuro-tetrahydric  trioxi-difittride,  jS|  0* 
«  IcifAmerciiro-tetrftbydfle  dioxi-dickloro-dinitrida^ 

When  we  uv  able  to  assiime  that  the  eombiniog  capacity  of  an  cl<?tnc>Qt  is 
kiMyvn,  tb«re  is  no  n**^A  f/>  <*]ipre8a  this  in  the  oumes  of  its  compoands,  and  in  that 
case  tiamoa  fofm«d  Ik  n^ti  admit  of  ooai<id<«rable  simplification.      Thus  if  in 

aofficieat  to  call  Bai  fUoritU^  iaateadof  btu-ytic  diehlond^  ;    BaII-0^  haryUh^ 

htfdric  oxide,  inst*'uu  ^i  ^.a. .  lodihydric  dioxide ;  BiCl*  hitmutkic  rAA^tt*/^,  injiti^ad  of 
bismuthlc  LriehluriUe,  &c,  A  further  simplification  of  many  of  the  aljove  namo^  \a 
f*tf>ct€d  by  usiiiig  the  term  hydrate  for  derivatives  of  the  type  H*0  and  its  muki* 
ptefl  in  wLicii  (bo  hydrogen  ia  only  Dartiatly  replaced  by  olb^r  elements,  and  tbc  temi 
amine  or  a m i d e  for  oompoimdi  aeriyed  bv  ftimikr  pai-tial  replacement  from  tbe 
type  H'N  and  its  mnltiplouL  For  instance  kHO  imiy  be  called  potasBic  hydrate  in- 
ateed  of  ptjtaaffio-hydrie  oiMe  ;  BaH*0*  may  be  called  Aarf/ZiVAj/^/ffl/r  instead  of  bary to- 
bydnc  oxide  or  baryf'Tidi hy drip  dioxide;  BiH'O*  may  be  calh^d  bixmitthie  hydrntr. 
iutftilld  of  bismutbo-trihydrie  trioxide ;  Fe'H'O*  may  be  called  ferric  hydratr  inatead 
of  dif«rrieo*luixbydric  hexoxide,  d(c>  8imilarlyj  KH-N  may  be  called  potas^amine^ 
insteadofpotaseio-dihydric  nitride;  K^^HH  may  be  called  dipofaumminr^  instead  of 
dipotAsaio'hydric  nitride,  &&  Tbe  use  of  the  terms  pKosphiuninei,  arsenamine.  and 
»itibamine  for  the  respective  oompotinds  H^P^H'Aa,  and  H'^^b  ia  improper,  inasmuch 
aa  tbe  termioation  ^amine  (derive^i  from  lunnionia)  ongbt  to  be  reserved  for  tbe  oom- 
pouods  of  mtrogen,  the  chanctariatic  elcmeDt  of  ammonia ;  tbcy  moreoTer  completely 
violate  tbe  analogy  of  anch  names  as  those  last  spoken  of,  for  if  potaa»amine  and 
mercurumiDc  are  oomponnds  derived  ft^om  ammonia  oy  the  substitutton  of  potaasiiun 
and  mercury  for  hydrogen,  phospbamiae,  araenamlne  and  atibamine  on^bt  to  be  bodiea 
similarly  iferived  by  the  subsfitatton  of  phoephoma,  arsenic  and  antimonv  for 
hydrcigon.  Jl'P,  IV A3^  and  H^b  ought  to  be  called  either  kydric  photpkidf^  kydrfc 
arstntde,  and  hydric  ttdbide,  ot  pho$pmn$,  artinr,  and  atihifu. 

The  rules  followed  for  the  nomenclatnre  of  the  oxygen'taita  are  easentially  the 
Kiime  as  for  the  compounds  we  have  been  hitherto  considering;  except  that  instead  of 
lb«  terminatioQ  -ide  we  have  the  termlnationa  -uU  and  -ite.  When  an  element  forms 
only  one  daas  of  salts^  the  name  of  the  dan  ia  fanned  from  that  of  the  element  itself 
by  means  of  the  terminution  -ate.  When  an  dement  furmB  two  classes  of  salts  tbe 
generie  name  of  those  whieb  contain  most  oxygen  is  usually  formed  in  the  manner 
Jlisi  deacribed,  and  the  gf'neric  name  of  those  containing  less  oxygen  ia  similar  but 
~~^^  in  -itt  instead  of  in  -ait.  If  the  same  element  forms  more  than  two  claasesa  of 
,  the  preflxea  hypo-  and  per-  are  employed  as  further  means  of  distinction,  or 
eionally  tome  special  ayst^rm  of  nomendatnre  is  adopted.  The  following  examples 
will  iUustnla  the  application  of  these  rolee  to  particular  caeea  \ 

KHO*  w  Potasslc  nitrite  or  Nitrite  of  potassium* 

AgKO*  «   Argentic  nitrite  or  Nitrite  of  silver. 

KNO*  -   Potassic  nitrate  or  Nitrate  of  potassium. 

AgNC  m  Argentic  nitrate  or  Nitrate  of  silver. 

Ba(NO«)*  B  Barytte  nitrate  or  Nitrate  of  barium. 

KCIO  a  Potassic  hypochlorite  or  Hypochlorite  of  potaasiam* 

KCIO*  —  Potassic  chlorite  or  Chlorite  of  potassium. 

SCIO*  ■•   Potassic  chlorate  or  Chlorate  of  potassium, 

KCIO*  **   Potassic  perchlorate  or  Percblorate  of  potassium. 

E'SKH  —   Potassic  hyposulphite  or  Hyposulphite  of  potassium. 


K*SO' 


—  Potassic  sulphite  or  Sulphite  of  potassi  um. 
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K'S'O*      «»  Potasflic  hyposulphate  or  Hyposulphate  of  potafsivm. 

K*SO*       ■>  Potasffic  sulphate  or  Sulphate  of  potassium. 
In  a  few  eases,  names  formed  in  the  same  manner  as  these  are  given  to  salts  which 
differ  otherwise    than  in  the  mere  proportion  of  oxygen  that  they  contain:   for 
instance — 

KH'PO'  ss  Potassic  hypophosphite  or  Hypophosphiteofpotassium. 

K'HPO*  ->  Potassic  phosphite  or  Phosphite  of  potassium. 

K'PO*      B=  Potassic  phosphate  or  Phosphate  of  potassium. 

These  three  classes  of  salts  differ,  as  will  be  observed,  in  respect  to  the  quantity  of 
hydrogen  as  well  as  of  ozyeen  which  they  contain.  The  estplanation  of  the  anomaly 
presented  by  their  nomenclature  is  to  be  sought  for  in  the  history  of  the  views  that 
have  been  held  at  various  times  regarding  their  constitution. 

The  nomenclature  of  mixed  salts,  that  is,  of  salts  containing  more  than  one  metal  or 
more  than  one  radicle,  is  a  little  more  complicated  than  that  of  such  as  precede,  but  it 
will  be  easily  understood  from  a  few  examples :  e.  g, — 

KHSO*  B  Hydro-potassic  sulphate  orSulphate  of  hydrogen  and 

potassium. 

EA1(S0*)*  as  Alumino-potassic  sulphate,  or  Sulphateof  aluminium 

.an  d  potassium.  (In  the  name  of  this  salt  it  is  not  needful 
to  specify  that  it  contains  twice  the  group  SO*,  this  being  already 
implied  when  it  is  stated  that  each  molecule  contains  an  atom 
of  potassium  and  an  atom  of  aluminium,  the  sum  of  whose  atomi- 
cities  is  four  «  twice  the  atomicity  of  the  group  SO.  A  similar 
remark  applies  in  a  great  many  ower  cases.) 

A1XS0*)0*  s  Aluminic  sulphato-dioxide.* 

FeXSO*)*0  =  Ferric  disulphato-oxide.* 

PbH(NO*)0  =  Hydro-plumbic       nitrato-oxide,*      or     Plumbic 

hydrato-nitrate. 
BiH*(NO^O«        «  Dihydro-bismuthic   nitrato-dioxide.* 
Ba(C*H'0')(NO') »  Barytic  acetato-nitrate  or  nitrato-acetate. 
Pb(C*HH)")a       «  Plumbic  aeetato-chloride.* 

The  systematic  names  of  the  hydrosen-salts  are  of  course  similar  to  those  of  the 
corresponding  salts  of  other  metals ;  these  names,  however,  are  not  Tery  commonly 
used :  it  is  more  usual  to  speak  of  the  hydrogen-salts  as  actds.  Thus,  for  example, 
HNO*  is  more  frequently  <»lled  nitric  acid  than  hydric  nitrate,  H^O^  mors 
frequently  sulphuric  acid  than  hydric  sulphate,  &c.  VHth  regud  to  the 
nomenclature  of  the  acids,  the  foUovnng  rules  are  observed :  if  the  i^stematic  name  of 
a  hydrogen-salt  is  hydric  — ate^  its  common  name  is  — tc  acid  ;  and  if  its  systematie 
nameis  Ay<frtc  — 1>,  its  common  name  is  —oua  acid:  examples — 

Systematic  namet.  Conmon  namea . 

Hydric  hypochlorite.  Hypochlorous  acid. 

Hydric  chlorite.  Chlorous  acid. 

Hydric  chlorate.  Chloric  acid. 

Hydric  perchlorate.  Perchloric  add. 

Similarly,  mixed  salts  of  hydrogen  and  any  other  metal  are  frequmitly  called  add 
«a/to:  e.^.,  hydro-^otassic  sulphate,  KHSO*,  is  oft«n called  acid  sulphate  of 
potassium;  and  dihydro-potassic  phosphate,  KH*PO\  is  often  calleddiacid 
phosphate  of  potassium.  On  the  other  hand,  mixed  salts  formed  by  the  union  of 
the  type  oxide  with  the  type  of  any  simple  salt,  whether  containinghydrogen  or  not, 
are  often  called  baxie  saltSj  e,  g.,  plumbic  dioxi-dinitrate,  Pb'(NO*)H)*,  and 
plumbic  hydrato-nitrate  are  eadi  of  them  called  basic  nitrate  of  lead;  in  like 
manner,  ferric  oxi-disulphate,  Fe'0(SO*)*,  and  ferric  dioxi-salphate,  Fe*0*(SO') 
are  called  basic  ferric  sulphates,  or  basic  sulphates  of  iron.  Such  names  as 
these  are  often  convenient  when  speaking  of  certain  well-known  compounds,  bat  for 
scientific  purposes  they  are  better  avoided. 

When  a  metal  forms  two  series  of  oxygen-salts  of  the  same  generic  name,  the  salts 
of  the  two  series  are  distinguished  in  the  same  manner  as  the  various  oxides,  ehloridff, 
&c.,  of  the  metal  Thus  we  speak  of  mercurous  nitrate  and  mercurous  sul- 
phate,  mercuric   nitrate  and  mercuric   sulphate;   ferrous   sulphate  or 

'  Strlctlj  KpMklng,  the  names  of  these  salts  would  be  equally  correct  if  inverted  tbaa : 

'    ilphaie^  Jerrie  oti-ditmivkaie,   kpdro-^pUml .  .     - 

light  arise  from  toe  ui«  or  names  sue 
Mil  orfanic  salts  would  very  closely  i 
ri-benaoatK  or  dhghbemaoate  would  be  very  a] 
dioxj/bfjooatet  a  dUvro-aceMt  with  t  dUoraeeUiie,  Ac  ftc. 


dhuH-tulphaie^  Jerrie  oti-ditmivkaie,   kvdro-^pUmbie  .,  ,  

cnnvenience  might  arise  from  the  ui«  or  names  such  as  these.  Inasmuch  as  the  corretpoarffaif  ffenns  fai 
the  case  ofcertidii  orfanic  salts  would  very  closely  resomble  the  names  of  totally  dIaUacteoaHMNMida:  tnt 
,  .^ „  ^..-_.  ^ .^ .. ^g  conftmndedwiih  «d  anFJiTisir  or 
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prolotulpliAte  of  iroa  and  ferric  Mtilpbato  or  ies^iiisiulptjatft  of  irun; 
if.  &c. 

\  03i)fgen-»lt8  being  in  reality  merrfjr  ft  pttrticalarcUs*  of  oiid«*«»  there  are  of  conr^e 
borrwpoiidiiig  ohlwnacii^  oitridM,  Stc,  of  the  nm«  mdides.  The  ntmi^n^ttituiy^  of  thc«^f 
■Mnpomidi  mm  amr  biihcrto  Assumed  a  rery  fixed  or  ayj^tematie  form,  radidctfi  sup- 
^(Mod  to  b«  OOOtaiiMd  in  the  various  chsan  of  Mlts  having  be«n  mtmiHl,  one  by  one, 
•eoordtng  to  no  general  system,  by  tbo  inTeatigators  of  the  componndjt  of  oach,  Tlius 
lh«  radicle  PO  «appo»f^  to  be  coiitain«>d  in  the  pho«iphatea  is  odled  pkospkoryl ;  but 
tJu?  radiclt'*  of  the  phosphitej  and  hjpophosphite»  have  no  recognised  oamfw;  tJio 
riiibclv  SO*  of  the  i»ulphtttee  ia  called  wmpktuyt ;  and  the  radicle  SO  of  the  sntphiies 
is  chilled  thiti^^t  i  again,  the  mdide  NO'  ef  the  nitintes  i%  called  nitrfl^  and  the  mdiel« 
l«0  (montitomic)  of  the  Dithtes  if  called  nitrottfl  or  tieotyL  From  thfi^e  exximplcis  it 
will  be  »vi^  th;it  there  if  no  certain  rule  by  which  tbe  name  of  a  dmas  of  mils  being 
giTeo,  tb:it  of  the  radicle,  ntppoaed  upon  the  theory  of  typei  to  be  contained  in  them, 
can  be  deduced.  In  these  circnmatanoM  we  may  venture  to  snggest  the  following 
nde  af  applicable  to  nich  casea :  to  form  the  name  of  the  mdlcle  of  any  eJau  of  saltii^ 
MuttttitttU  the  ttrminaiUm  -yl/sfr  thejinal  e  in  the  gi-neric  name  of  the  mtU  in  qtttstum, 
Acoofditig  to  thifl  rule  we  fhonld  ha?o  such  nainefl  as  the  following : 

Kunet  of  SaIIi.  Nub«  of  Badictei  repaired  bj  ijploU  Afrnul** 

Fhofphatei;  PhoaphatyL 

Phosphitei.  PhosphityL 

Snlphateo.  Sulpha  tyl 

Solpbiles.  SnlphityL 

Kitiatefc  KitratyL 

NitrilDA.  NitrityL 

When  the  termination  He  i§  tdded  to  the  nanus  of  a  radicle  in  order  to  form  the  nama 
of  a  compound  containing  it,  the  syllabic  yl  may  gmcrtilly  be  eUdcd  :  thuf — 

FOCI*    —   Fbosphatic  chloride  or  Chloride  of  phosphatyl. 

80*C1*  -  Snlpbatic  chloride  or  Chloride  of  sulphatyl. 

SOCl*    -  Sttlphitic  chloride  or  Chloride  offulphityL 

flO*C*l  t 

^s(y  (—  Hydro-fulphatic  oxichlorideor  Sulphntic  chloro*bydrate. 

The  nomendahii<e  of  the  compounds  formed  when  oxygenated  radicles  replace  hy- 
drogen in  the  type  H*N  or  itf  multiples,  or  in  the  mixed  t^-pe  Anrvf,  io  regurd  to 

which  special  roles  are  followed  to  some  extent,  will  be  found  fuUy  set  forth  in  tho 
srtjcles  Amic  Acfns  (i.  165)  and  Amwsa  (i.  169). 

Compoiinds  containing  two  or  more  atomA  of  the  same  polyatomic  radicle  in  one 
niolerute,  and  resulting  ^m  the  combination  of  two  or  more  molecules  of  the  simpler 
roTTiprninds  of  the  radicles,  as  explained  m  the  artide  CuLSSTFiCATfOH  (i.  1020 — 1022), 
may  be  distinguished  by  prefixing  to  the  names  of  the  simplest  corresponding  com- 
pctunds  the  syllables  di-,  tri-^  &c. :  for  example^ 

K*S*0'     ^  PotsBsic  disttlphate. 

K^CrO'  «  Fotassic  dichromate. 

Ka^FO'  •  Tetrasodic  diphosphate  (Pyropbosphate  of  sodium), 

Na^PO*  =  Bisodie  diphosphate  (Insoluble  metaphosphate). 

K«'P*0*  —  Trifodio  triphosphate  (FleitmannandHenneberg'sroetaphosphrtt<\) 

The  so^ealled  nilfhur-'S^U  which  rrpr i^nent  oxygen^aalts  wherein  the  oxygen  ifi  re- 
placed to  a  gfCfttar  w  Ism  extent  by  sulphur,  may  be  named  in  precisely  the  same  way 
as  the  earac«piMiding  ozygen-saltB  by  prefixing  sulpbo-to  the  names  of  the  latter,  and 
also^  irhaii  nsedfol,  a  numerical  prefix  to  indicate  the  extent  to  which  the  replacement 
has  pirooedded. 

NoHXJTCLATTma  OF  Oroanic  BoniEi. 

In  organic  chemistry  we  hare  to  do  with  many  hundreds  of  substances  formed  of  the 
Rame  three  or  four  elements.  It  would  therefore  be  an  utterly  hopeless  task  to  try  to 
frame  for  each  substance  a  name  like  those  of  inorganic  compounds,  which,  if  they  du 
not  directly  express  the  composition  of  the  bodies  to  whioh  they  are  applied,  hare  at 
Irasta  definite  relation  thereto.  A  classification  of  organic  bodies  with  reference  to 
their  composition  alone,  would  be  far  from  afiTording  an  adequate  expression  of  their 
nature  and  motnal  relations :  hence  a  systematic  nomenclatare  for  them  can  be  founded 
only  on  a  classification  which  takes  ct^guisance  of  other  characters  in  addition  fo  mi>^r4 
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composition.  Such  a  classification  must  be  foonded,  first  of  all,  upon  the  iact  that 
almost  all  well-inyestigated  oiganic  compounds  are  found  to  admit  of  being  arranged  in 
flronpA,  which,  altho^h  thej  may  mffer  greatly  in  many  important  respects,  ex- 
hibit a  certain  correspondence  in  uie  relations  which  their  several  members  bear  to 
each  other.  These  groups  again  admit  of  division  and  subdivision  into  smaller  and 
smaller  groups,  the  iDdividaal  members  of  which  are  more  and  more  closely  related  to 
each  other,  until  we  come  to  substances  which  are  as  intimately  connected  together  by 
composition  and  properties  as  the  different  salts  containing  the  same  metal  or  the  same 
oxygen-mdide. 

Thus,  the  great  majority  of  orsanic  compounds  (we  are  of  course  spealcing  only  of 
those  which  nave  been  sufficiently  investigated  to  allow  of  a  definite  poeition  beine 
assigned  to  them)  belong  to  one  or  other  of  the  two  great  series — the  Fatty  Series,  ana 
the  Aromatic  Series.  Each  of  these  series  again  consists  of  a  number  of  groups, 
each  of  which  reflects  more  or  less  completely  the  character  of  all  the  rf  st.  And  each 
group  in  its  turn  consists  of  a  number  of  alcohols  and  acids,  around  which,  as  central 
compounds,  we  have  to  classify  hydrocarbons,  ethers,  salts,  amides,  alkaloids,  and 
numerous  other  derivatives. 

Taking  the  alcohols  as  representinff  also  the  conesponding  ethers  and  amines  and 
their  other  immediate  derivatives,  ana  the  hydiogen-salts  or  acids  to  stand  for  all  other 
salts  of  the  same  name  with  their  derivatives,  the  leading  terms  of  the  seveml  groups 
belonging  to  each  homologous  series  may  be  arraneed  as  in  the  following  table ;  where, 
for  the  sake  of  deames^  the  formula  of  compounds  belonging  to  a  particular  groups 
the  tritylic,  are  given  (instead  of  general  formube  applicable  to  any  group  whatever), 
but  in  order  to  ml  up  the  scheme,  such  terms  as  are  not  known  in  this  group  are  re- 
presented by  examples  borrowed  fiiom  other  analogous  groups.*  ' 


AXCOBOLS. 

Acn>8. 
Monobasic. 

Mon-  \ 
atomic.  J 

C»HH) 
Tritylic  alcohol 

Propionic  acid. 

Pyruvic  add. 

(C*HK)»-melliticadd). 

Di-    1 
atomic.  J 

Tritylic  glycol. 

Lactic  add. 

Dibasic. 

Malonic  add. 

Mesoxalic  add. 

Tri-    I 
atomic,  y 

Glycerin. 

Glyceric  acid. 

Tartzonic  add. 

Tribasie. 

C-H»0- 
<C«H«0«-aoonitic  add. 

Tetr-  1 
atomic  J 

CHW 
(C*H"0«-enr- 
thromannite). 

1 

CTH«0» 

(CrffO'-gallic 

add). 

(C*HH)«-tap. 
taric  add). 

(C«HH)*-dtrieadd). 

A  table  similar  to  the  above  has  already  been  given  in  the  article  Acms  (i.  53),  in 
which  place  ftirther  details  will  also  be  found  respecting  the  oumpounds  represented 
by  the  special  examples  here  siven. 

The  homologous  series  to  which  each  such  group  belongs  is  determined  by  the  ratio 
of  carbon  to  hydrogen  in  its  individual  terms,  and  its  podtion  in  that  series  by  the 
number  of  atoms  of  carlx>n  which  they  contain ;  while  the  pontion  in  the  group  of 
the  several  terms  themselves  is  determined  by  their  entbn  compodtion  and  general 
chemical  functions. 

Any  particular  compound  is  accordingly  completely  charact^sed  when  we  know  to 


•  So  Ikr  at  tb8  writer  It  aware,  tbit  mode  of  claiaifVing  organic  tubrtaocet  was  llrtt  mMblMd  In  a 
paper  on  the  Nomeoclatare  of  Organic  Compounds  which  he  read  before  the  Chemical  Sertlua  of  the 
British  Association,  at  Its  meeting  in  Dublin,  September  18ft7  (see  Brit.  Assoc.  Rrp.,  ltS7,  Notices  and 


Abstracto,  p.  4ft  )|  but  befbre  the  a] 


111,  0V|'«ciMwi    tff'i    v«w   t9ti^  t^mmttf     K»r|(.,  *^vi,   tr9v%^gK-m  — w 

of  the  paper  referred  to  in  the  printed  fonn,  a  similar  sjmoi 

ekuU  (Ana.  Ch.  Pharm.  cvL  I9S.    May,  1868). 
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rnhnt  group  it  belongs  and  wh&t  b  its  plara  in  th^t  group.  This  then  is  tho  iiifur- 
nuition  which  it  U  required  tiutt  the  names  of  n  reidljr  syMtematic  and  fadonal  nomen- 
eUtnro  •hould  giro  ns,  coneoniing  tlie  snbBt&iiceB  to  which  they  aro  applied :  and  it 
would  te^m  by  no  maitui  iznpoesibk  to  fonn  names  which  should  completely  tsatisfy 
thf<ae  9eqnirr<mpnt«,  by  making  the  root  of  each  name  deuote  the  group,  and  the  ter^ 
mination  or  a  sf>cond  word  denote  the  ]ftin<!tioD.  Sneh  a  nomt^ncilatvire  wonld  cornH«pond 
precisely  with  the  typical  syiitem  of  rational  formulae ;  for,  as  him  been  shown  in  other 
artidee  (CLAs»rncATto»,L  1022;  FoaiirLA,  ii.  700),  these  forrouI»  aaqiresaby  mpans  of 
rad teles  the  group  or  genetic  relutionn  of  the  Bubfttancr'a  they  repment,  and  by  means 
of  types  their  eheinical  functions.  Or,  ag^ain^  such  a  nomencUtiu^  would  confepond 
with  the  >iinomial  nomenclature  of  the  natural-history  scienin**.  according  to  which 
each  animal  or  plant  is  distiogniBhed  by  means  of  two  Latin  Monisi,  une  indicating  its 
ffrnus,  the  other  its  itpeciet.  An  attempt  at  a  «y»l^mftti»»  riom*»n datura  for  organic 
compounds  baaed  on  these  principles  is  contained  in  the  |iaper  reft^rred  to  in  the  last 
foot-note  \  which^  though  not  sufncieDtly  snccesaful  to  make  it  worth  while  to  reproduce 
it  here,  we  allude  to,  because  we  are  convineed  that  it  is  in  this  directioa,  if  at  aU, 
that  a  rational  nomenclature  is  to  be  reached. 

The  odafcing  nomenclature  of  organic  chemistry  fulftU  to  a  conKideruble  extents  in  a 
more  or  lesa  satisfactory  manniT,  the  requirementa  of  a  rational  nomenclature  a^  theae 
jivre  indieated  above  ;  it  bowoTer  etill  retains  a  good  man^  habitat  of  naming,  as  well  us 
indiyidual  names,  inheritod  from  the  early  days  of  the  science,  when  it  was  impossible 
to  foresee  either  the  direction  or  the  extent  of  its  sabsequent  development,  and  hence 
posscuses  man^  teims  ft>rmed  without  much  reference  to  anything  but  the  fancy  of  in- 
dividnal  chemists  and  their  taste  in  the  choice  of  euphonious  words.  But  the  greatoat 
defects  of  this  nomenclature  arise  horn  the  want  of  unanimity  among  chemical  discoverers 
and  systematisers  as  to  the  manner  in  which  the  pHncipiei)«  recognised  mure  or  less 
distinctly  by  all,  should  be  Carried  out.  And  this  want  uf  unanimity,  we  cannot  help 
thinking,  is  mainly  due,  not  to  the  intrinsic  difficulty  of  the  subject,  so  much  as  to  the 
too  partial  manner  in  which  it  is  generally  considered— reforms  being  often  attemnted 
in  particolar  departmenta,  without  sufficient  thought  being  given  to  the  effect  which 
they  w<mld  havo  if  otmsistently  extended  to  the  nomenclature  of  other  parts  of  the 
science. 

In  describing  the  nomenclature  of  oiganic  chemistnr,  ss  it  at  present  exiitts,  we  shall 
consider  first  the  methods  employed  to  designate  the  several  ^rouft^  and  then  the 
modas  of  indicatii^  the  various  chemical /tfac^H^iu. 

Nomenclature  of  Groups. — By  referenoe  to  the  ejcample  of  a  ch'^mical  group 
already  given  on  page  128,  it  will  be  seen  that  the  numeh  of  ltd  1  Lading  ti'mi^i  exhibit 
V€>ry  Uttie  relation  to  one  another:  we  have  tritylic  alcohol  and  trttylic  glycol, 
gl^eeriD  and  glyceric  acid,  malonic  acid  and  tartronic  acid,  but  all  the  other  name«» 
m^^ht  have  been  selected  completely  at  random.  And  on  examining  the  nomenclature 
of  any  other  group,  the  state  of  things  would  be  found  very  much  the  sHme.  The  fact 
is,  that  throughout  every  department  of  organic  chemistry  the  general  c*our»e  of  dis*^ 
coverv  has  been  such  that  subt^tances  became  known  and  required  to  be  named  one  by 
one»  long  beCore  the  reUtious  of  each  to  the  rest  could  be  ssoertained.  Heneet  v^ 
closely  related  substances  often  Hear  names  which  exhibit  no  trace  whatever  of  their 
oonnaxion :  as  alcohol,  ether,  and  acetic  acid ;  propionic  aeid,  lactic  ucid,  and  glycerin; 
soocinic  acid,  malic  acid,  and  tartaric  acid,  ouch  nameK  as  thei>e  it  would  be  very 
difficult  to  get  rid  of,  and  whf»u  they  are  (aa  in  thete  examples)  convenient  in  thero- 
selvee  and  universally  adopted,  there  is  no  reason  for  wishing  to  do  ao.  In  fact,  it  often 
happens  that  such  names  are  practically  better  tiian  those  which  at  first  sight  Hppeur 
more  systematic.  For  instance,  nothing  could  seem  mort-  natural  than  to  call  the  ncid 
C'H^O*  resulting  from  the  oxidation  of  glycerin,  C"I1*0*,  ffli^rie  acid,  a  mime  which 
at  ones  feealls  its  connexion  with  the  substance  from  which  it  is  derived.  But 
according  to  the  established  usage  of  or^nic  chemista^,  the  radicle  of  this  acid,  C*H*0, 

corresponding  to  its  typical  formula     m    >  0",  would  be  called  fflycerifi,  a  name  which 

already  belongs  to  CH\  the  niiiiclc  of  glycerin.  We  might  thus  have  the  two  com- 
pounds C"H*Cl'  and  CH'OCl*  both  of  them  denoted  by  the  name,  chloride  of  glycerj'l, 
or  ^lyeei^lic  chloride,  a  confusion  which  could  not  have  arisen  had  then^  been  leas 
similarity  in  the  names  of  the  primiiigr  compounds.  Indeed  it  m  by  no  meuua  de* 
airable  to  tntroduoe  much  more  regularity  than  at  present  exista  into  the  nomenclature 
of  the  principal  members  of  each  group,  unless  some  effectual  system  of  differentiating 
each  member  and  its  derivatives,  equi\alont  to  what  was  attempted  in  the  paper  already 
referred  to.  m  adopted  at  the  same  time. 

Of  late  years  methods  of  naming^  |>0S8essiDg  a  certain  degree  of  p:f'ncnl]tyt  have  come 
into  partial  use,  for  some  oorreeponding  terms  of  different  groups*  Thus,  the  monatotnic 
alcohols  and  one  or  two  of  their  moi^t  immediate  derivativetti  in  most  of  the  groups  ol 
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the  firat  homologpus  «eri6»,  have  naiues  whose  rcxit  in  fonned  by  a  Greek  iiamerHl : 
MM  tntylic,  tetryUc,  bezylic,  hept^lic»  &c.  uleohok ;  tritvlenf,  tetrylenc^  hexyleno, 
heptyli^ne,  &c»  Another  exp^clipnt  which  hus  been  u  good  deal  employed  to  indicato 
the  exUtenco  of  a  genetic  connexion  between  different  bodies,  bnt  without  definin^^  its 
JWture^  oonHiffts  in  making  the  nuine  of  one  body  out  of  &n  anagram  of  that  of  another ! 
Bs  meoonic  and  eomenic,  aeonitic  and  itmooDic,  narcxitine  and  eoUmine,  lep(idine)  niid 
pel( amine),  pelErg(onic)  and  lopurg^ylic),  &alylic  and  lasylie,  dtc 

The  system  so  much  followed  id  the  nomencklure  of  other  edenoet,  of  giving  nAinc* 
ID  botioar  of  diaooverers  or  other  eminent  men,  hue  not  been  much  emplojod  in 
ohemifltry,  and  we  do  not  think  that  tim  formii  any  gp^und  for  regret.  Among  omnie 
oompounda^  dumasin  if  ■Imoflit  the  only  one  which  bears  a  name  of  this  kind :  imKiurin, 
wlucli  JhaA  the  appearance  of  being  another  name  of  the  Bume  elasB,  ia  one  for  which  no 
chemist  in  reiponaible  so  much  as  the  botanibt  who  cwlled  fiiatic  Madura  tiftctorin. 
Such  names  agnin  m  herapathite  and  wdtsitrutt  hare  generally  originated,  not  with 
chemists,  but  with  ciTatAllogrsphen,  who  have  given  them  in  aoooiduiee  with  thfur 
niiQemlogieal  habitudes. 

One  rule  which  chemists  would  do  well  to  nttead  fco  in  their  choice  of  namtv,  b  to 
II void  inch  as  suggest  a  connexion  that  doe»  not  exiat:  such  as  mel^amorphtne, 
peeudomorphine,  hjpog:eic  acid,  the  lA£t  of  which  (from  Aracki*  ht/poffira)  Beema  to 
imply  the  existence  of  a  more  highly  axygoDated  *'  gifcic  '*  acid. 

Noinrnelature  of  Funetiont.  ^The  chemical  function*  of  orgftoic  8iib!rt]inc>ett  toe 
generally  denoted  either  by  using  in  a  generalieed  sense  the  proper  names  of  the  sub- 
stances in  which  the  sereral  functions  were  fii^t  distinctly  recognised,  as  methylie 
alcohol,  bntyric  aldehyde,  valeric  acetone,  amylic  glycol,  &c. ;  or  by 
systematic  names  formed  on  the  analogy  of  tiie  nomenclature  of  mineral  chemistry,  as 
methylie  hydrate  or  hydrate  of  methyl,  methylie  chloride  or  chloride 
of  methyl,  methylie  acetate  or  acetate  of  methyl,  Sao.',  or  lastly,  by  means 
of  terminations,  m  methol  for  methylie  alcohol^  butyral  for  butyric  aldehyde, 
Talerone  for  valeric  acetone,  oxalu  re  thane  for  oxalic  uretliaDe»  lactamethane 
for  lactic  urethane  or  carbamethane,  ethylene,  amylene,  jcc :  this  last  metJiod 
may  for  the  most  port  be  regarded  as  a  con  t  meted  form  of  the  fiist 

We  will  brif^fly  dii^cuiis  I  he  names  in  actual  use  for  compounds  representing  the  leading 
terms  of  a  cheniicnl  prroup  m  above  defined,  and  for  ibeir  princifMQ  derivatives,  eodea- 
vonring  to  point  out  lbo«e  which  it  la  moBt  ndrisable  to  employ. 

AxcoHoi-s.  1.  Moimtomic. — These  are  eithernauied  alcohols  or  hydrates,  with 
another  word  added  t-o  distinguish  the  group  to  which  they  belong,  this  word  in  almost 
all  cases  endiuf^  in  -ffhc,  «s  methylie  alcohol,  methylie  hydmte,  or  hydrate  of  methyl; 
honzylic  alcohol,  benaylic  hydmte^  or  hydrate  of  ben/yl.  The  termination  -*>/,  to  in- 
dicftte  the  alcoholic  f\metion,  is  more  emploTcd  by  Frent'h  than  by  English  cheralstii^ 
Thfi  nmnenclature  of  drrivutives  of  the  Alcohols  wiU  be  most  clearly  and  conciBelj^] 
explaiiied  by  special  examples,  thus : 


Alcohol 
Radicle 
Hydrocttrbon 
Ether 
Compoimd  ethers 


F<nrtftmla, 

CH*C1 
(C'H*)HSO^ 


=  Ethyl  ic  hydmt*\  &c-  (a*  abore). 
(=  alcohol  -  HO)  ==  Ethyl 


(-  alcohol  -  H^)   -  Ethylene. 

I-  Ethylie  ether,  or  ethylic  oxide. 

=  Ethylie  chloride,  or  chloride  of  ethj^ 

=  Ethvlic  acetate,  or  acetate  of  ethyl. 

=  Hydro-et hylic  sulphate^  or  sulphate  of  ethyl 
and  hydrogen  ;  also  called    ethyl^-solphiuie 

acid,  or  tulphethylic  acid. 

(C*H*)*SO*  =  Ethylie  Bulphate,  or  sulphate  of  ethyl. 

ADuloTds    ,        ,         (C*H*)H*N  »  Ethylamine,  or  dihydro-et hylic  nitride, 

(OTI')*HN         =r  Bieiiykmiiie,  or  hydroKlietnylie  nitride. 

(C'H*)'N  *:^  Triothylamine,  or  triet  hylic  nitride. 

(C^H')"P  =  Trtethylphosphiue,  or  triethylic  pho^bid^ 

Metallic  derivatiTcs.     C^*ZnI  =  Zinc  ethylo- iodide,  ht  ethylo-iodide  of  sm& 

(CH')*Zn  =  Zinc  ethylide,  ethylide  of  zinc,  or  tinc-ethyL 

(CH*)'Hg  =  Mercuric  ethylide,    ethylide  of  mcTcnry,  or 

mereuiy -ethyl 

(Such  names  as  hydrochloric  ether,  acetic  ether,  &e.,  are  not  given  above,  becaost 
though  used  for  the  ethers  of  this  group,  tbey  have  no  analogues  in  other  easce.) 

Of  the  various  namew  above  gireu  for  single  compounds,  we  believe  that  those  whidi 
stand  first  in  order— thi%t  in,  names  of  the  £oinn  eihjftie  kffdraif,  et hylic  o>xtdr,  tthpiic 
ncttatf,  &c.,  in  geoenil  dcj^erve  the  pr*^fercnce.  Names  Ibraied  by  the  generalisalion  of 
j|pedal  names  are  convenient  enough  sometimes,  but  this  method  of  nomenclature  i* 
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Dot  well  ftdapi«d  Ibr  application  in  hU  cues,  the  iuuue«  which  it  leiuii  to  b^ing  oflt^tt 
elomsy  in  thenuelTes  and  giTiog  ri«e  to  still  dumsier  derivfitiTe«  axid  compound  nain^t. 
On  the  other  haod,  Buch  oamM  a*  k^rmts  of  tihyt,  axid^  qfHh/(,  ckUtHde  ^gik^t^  &c., 
•Mm  to  belong  too  exclnBiTely  to  oaa  Ti««w  oif  th«  constitution  of  tJie  bodiea  tbej 
denote ;  wber«aa  names  auch  aa  those  to  which  we  haTe  given  the  preference  (etfajlie 
hjdrate.  8tc,\  while  quite  in  aocordance  with  this  view,  may  stiU  be  used  inde- 
pendently of  it  They  would  remain  equally  applicable  and  would  be  equally  intelli- 
gible, though  chemiata  should  cease  to  ret^ogoise  the  existence  of  ethyl  or  similar 
rmdidea  aa  proximate  oonstitaents  of  the  alcohols^  for  they  do  not  uf  necessity  imply 
asythiDg  more  than  that  the  compounds  C»H»0,  C'H'*0,  C-H'Cl,  &c,  belong  to  the 
«thylie  group*  and  that  they  bear  to  each  other  the  same  mutual  relations  uut  the 
compounds  kHO,  K*0,  KCl,  dec,  do  in  the  potasstc  group. 

In  th<^  nomenclature  of  the  so-called  add  ethers,  such  ss  (C'1I*)HS0\  &e,,  it  would 
be  well  to  let  the  name  of  the  alcoholic  oonstitnent  alwsys  pn«cede  that  of  the  add, — 
that  is,  to  say  ethyl-sulphuric  add,  ethyl-«ulphate,  &c.,  and  not  eulphethyllc  add, 
snlphethvlate,  &c»  For  not  only  is  the  saline  character  of  sudi  compounds  not  due  to 
the  alcohol  portion  of  their  constituents,  as  se^ms  to  be  implied  if  this  is  named  last 
and  so  receirefl  the  saline  termination^  but  concision  may  actually  ariso  from  the  use  of 
t%dpho-  as  a  prefix  in  this  sense  and  also  to  denote  replacement  of  oxygen  by  sulphur 
(in  such  namt*«  ss  tuJ^hocarbon^iU,  for  instance). 

Compounds  belonging  to  more  than  one  oJeoholic  group  are  easily  named  in  accor- 
dance with  the  exampltts  given  above^  by  following  the  analogy  of  the  nomendature 
of  the  mixed  compounds  of  mineral  chemistiy.    For  instance : 

(CH«)fCm*)0  -  Methyl-ethylie  oxide. 

(C»H')(C*a'*)SO*         -  Ethyl^mvlic  sulphate. 
(CH"XC»H»)/C*H»")N  -  Methyl-ethyl-amyhymne. 
Similarly  K:(C?H»)0  is  Potassio-cthylic  oxide. 

But  just  as  the  name  potassio-hydric  oxide  may  be  ^bbreTiated  into  potaaslc  hydrate^ 
■o  the  names  of  many  corresponding  organic  compounds  may  be  abbrenated:  as 
methyl-et  hylic  oxide  into  met  hylic  ethylate,  pota^iaio-Dthylic  oxide  into  potasjiic 
etbylate,  dec 

2,  Diaiomic  akohoi^. — The  first  diaooTsred  of  these  compounds,  0*11^0%  wsa  called 
*'  glycol,"  from  the  first  syllable  of  ffltfurin  and  the  last  of  dcoMol,  to  recall  the  fact  of 
its  being  chemically  intermediate  between  these  two  bodies,  and  this  name  has  since 
be#D  employed  as  a  general  term  for  all  oompounds  of  this  class.  A  more  syateniatic 
name  than  glycol  would  have  been  e  thy  le  III  c  hydrate,  or  hydrate  of  ethylene. 
And  namea  of  this  form  art^  the  most  suitable  for  general  application  :  as  trityle/iie 
hydrate,  or  hydrate  of  tritylene^  amylenic  hydrate  or  hydrate  of 
nmylene. 

Ijiose  derivatives  of  the  diatomic  alcohols  which  correspond  to  derivatives  of  the 
inonatomic  alcohols^  are  named  in  the  tame  way  as  the  latt4>r,  the  only  difference  being 
that  the  adjectival  portion  of  the  name  ends  in  -fUnie  instead  of  in  'yUi',  or  when  the 
ji4}^Te  is  replaced  by  a  substantite  preceded  by  o/,  this  substjuktite  ends  in  -yUne 
lAftfitd  of  in  -yl .  as 

CH'O  H  Ethylenic  oxide,  or  oxide  of  ethylene. 

C?H*C1'  ■■  Ethylenic  chloride,  or  chloride  of  ethylene. 

C^\(7RKy'f  »  Ethylenic  acetate,  or  aceUte  of  ethylene. 

(C>H*)H«N'  -  Ethylenediamioe. 

(CH«)'H'N'  -  Diethylenediaskuie. 

Derivatives  which  have  no  precise  analogues  among  those  of  the  monatomic  alcohols 
Are  easily  named  upon  the  analogy  of  oorrespondiitg  mineral  compounds  : 

HO  I 
0-H*  l^ 
(CPH"0)H  i  ^ 

cni*a  I 

(C*H*0)0  J 

Th$  names  endoaed  in  paranthcaes  (monochlorhydriis  of  glycol,  &c.)  are  hactowed 
from  the  nomendature  of  the  derivatives  of  glycerin  ;  this  system  applied  to  other 
diatomic  oJooholst  givef  rise  to  names  eren  more  cumbrous  than  these :  as,  monochJor* 
hydrin  of  tritylic  glycol. 

3.  Triatomic  3cohoU, — The  only   tnatomtc  slcoh'>l   known  with  any  certainty  in 

1L% 


Diethvlenic  dioxide. 

Dihydio-diethylenic  oxide  (diso  called  duih^Unie  alcohol), 

Ethylenic  hydrato-chloride  (monochlorhydrin  of  glycol). 
Ethylenic  hydrato-acetate  (moaacetin  of  glycol). 
Bthylanic  acet&to-chloride  (acetochlorhydrin  of  glycol). 


1 32  NOMENCLATURE. 

glycerin,  the  nomenclature  of  whose  derivatives  follows  for  the  most  part  special  rules. 
The  compound  ethers  of  glycerin  are  denoted  by  names  formed  from  those  of  the  acids 
by  means  of  the  termination  -in  and  a  numerical  prefix  when  needful :  as — 

Monostearin.  Chlorhydrin. 

Bistearin.  Dichlorhydrin. 

Tristearin.  Benzochlorhydrin. 

Tributyrin.  Aceto-dichlorhydrin. 

Qlycerin  yields  also  another  set  of  deriTatiyes,  bearing  the  same  relation  to  these 
normal  compounds  that  the  monobasic  metaphosphates  do  to  the  ordinary  phosphates : 
that  is  to  say,  each  of  them  differs  by  the  elements  of  a  molecule  of  water  from  a  normal, 
glycerin-compound.    The  nomenclature  of  these  is  as  follows — 

C»H«0«  «  C«H»0»  -  H«0   «  Glycide. 

C»HK)a  «  C*H'0*C1         -  H«0  -  Chlorhydroglydde  (epichlorhydrini 

C«H»(C«H»)0«  -  C«H'(C«H»)0»  -  H»0  =i  Ethylglycide. 

It  will  be  seen  that  the  nomenclature  of  glycerin  and  its  derivatives  is  not  such  aft 
to  admit  of  very  ready  extension  to  other  similar  compounds ;  names  for  these  might, 
however,  be  easily  formed  by  following  the  analogy  of  the  nomenclature  for  inorganic 
salts  already  explained. 

The  derivatives  of  other  polyatomic  alcohols  that  have  been  hitherto  studied,  belong 
almost  exclusively  to  the  class  of  compound  ethers.  They  are  named  by  combining 
with  the  name  of  the  alcohol  that  of  the  generating  add:  as  stearo-glucose, 
butyro-glucose;  diaceto-mannitan,  tetrabutyro-mannitan,  chlor- 
hydro-mannitan. 

For  farther  illustrations  of  the  nomenclature  of  the  alcohols  and  their  derivatives,  see 
the  artides  Alcohols  (i  97)  and  Ethsbs  (ii.  508). 

Acms. — ^The  nomenclature  of  all  such  derivatives  of  the  organic  acids  as  have 
analogues  among  the  derivatives  of  mineral  acids,  is  precisely  similar  to  the  nomen- 
clature of  the  latter ;  we  may  therefore  consider  it  as  having  been  already  suffidently 
discussed. 

It  may  however  be  pointed  out  that,  inasmuch  ns  the  name  of  each  class  of  organic 
salts  is  in  general  independent  of  that  of  every  other  class,  the  corresponding  oxygen^ 
ated  radicles  can  be  denoted  b^  shorter  names  than  those  which,  as  we  haye  pointed 
out^  are  often  necessary  for  the  inorganic  radicles.  Thus  to  get  the  name  of  the  raidiele  of 
an  organic  salt,  we  change  the  termination  -ate  {-ite  does  not  occur  unless  quite  ex- 
ceptionally, as  salicylite  of  methyl)  into  -yl,  instead  of  retaining  the  -at  of  the  name  of 
the  salt:  for  instance  benzoyl,  instead  of  benzoatyl,  acetyl,*  instead  of  acetatyl,  ft& 

It  is  still  needful  to  say  a  few  words  upon  the  nomenclature  of  the  so-called  sub- 
stitution-derivatives  and  conjugated  deriyatives  of  the  organic  adds,  and  what  is  hen 
said  may  be  taken  as  also  for  the  most  part  applicable  to  the  corresponding  derivaxiyet 
of  the  alcohols. 

Compounds  formed  by  the  substitution  of  chlorine,  bromine,  &o.,  for  hydrogen  «• 
denoted  by  prefixing  chloro^,  dichloro-t  bromo-^  dibromo^^  &c.,  to  the  names  of  the 
corresponcUng  norm^  compounds ;  and  bodies  in  which  the  groups  NO*,  NH*,  fte, 
replace  hydrogen  are  similarly  named  by  means  of  the  prefixes  nitro-f  amido-,  ice,:  a% 

Chloracetic  add.  Nitrobenzoic  acid. 

Dibromosuccinic  add.  Diamidobenzoic  add. 

The  prefix  oxy-  is  commonly  used  in  a  somewhat  difierent  sense,  namely  to  express 
the  addition  of  oxygen,  not  the  replacement  of  hydrogen  thereby :  as 

CH'O*  «  Benzoic  acid.  C'H'O"  «  Salicylic  add. 

CHH)*  =  Oxybenzoic  add.  C'H^O*  -  Oxysalicylic  add. 

C»H*0*  «■  Dioxysali^lic  add. 
The  application  of  this  prefix  may  however  be  considered  as  comparable  to  that  of 
the  others  aboye  mentionra,  i^  with  Kolbe,  we  regard  the  addition  of  oxygen  in  these 
cases  to  be  effected  by  the  replacement  of  H  by  HO. 

Sometimes,  instead  of  the  prefix  amido-,  the  termination  -aimic  is  employed,  as 
benzamic  add,  instead  of  amidobenzoic  add ;  such  names  are,  however,  inooiTeet :  fi>f 
monobasic  adds  such  as  benzoic,  do  not  form  true  amic  adds,  and  the  compounds  re- 
ferred to  do  not»  even  in  respect  to  empirical  compodtion,  bear  the  same  reiadon  to  the 

*  The  name  oeet^  was  firat  given  to  the  vroup  Cn'O  by  Dunuu  (Ttaiti  de  Ckim,  mmpL  aug  mrtu 
vnl.  Ti  p.  841, 1843).  who  represented  aldehyde  by  the  formula  C>H'0.  H.  calling  it  *'  hydrure  d'ac^tyle.** 
Wnif  amsnn,  who  first  siiggesti>d  the  views  now  prevalent  respecting  the  constitution  of  acetic  and  other 
similar  nclds,  callH  this  radicle  **  othyl;*'  but  this  name  has  been  generally  alMuidon«>d  for  th-  term 
acetyl  (agatj  applied  by  Gerhardt  as  it  had  been  by  Dumas),  on  account  of  the  diSculty  of  f 
Aitalogoiu  names  for  analogous  radicles. 
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BB  eoropound*  t!mi  oxatnie  neid,  for  instano^,  does  to  oxalic  acid.  Strictly  speAkingf, 
th«  «(M*aIltHl  luiiklo-  Mddi3«  or  «inie  »cidA  of  monobasie  orgaaic  atid»,  aro  moiit  closely 
rvlatc*d  to  fhi»  ojtyff^imlftd  dcriv;iliTo»of  the  bodies  with  which  they  an*  commonly 
rompared,  m  thi&t  tht"  true  syfltcmatic  name  of  amidobensoic  or  benzamic  add  would 
he  ojyttmrttnde  add  {me  aUo  Amic  Acids,  i.  167). 

The  ^ntix.  suipha-  is  also  often  applied  to  the  names  of  organic  acida  in  a  mannftr 
which  10  not  quite  correct :  thus,  Iho  substance  called  eulphaoetic  acid  is  not,  what  iho 
iiame  would  l>Mt  exprfss^  a  body  derired  from  acptio  acid  by  the  Hubstitution  of 
sulphur  for  oiyiJ^en,  but  a  corapoond  produced  by  the  action  of  smphuric  anhydride  on 
acetic  add.  'f  bis  product  would  be  better  nam<^  acetosulphoric  acid  than  sulphacetic 
aei4,  bat  eren  that  name  would  not  be  quite  correct,  inasmuch  as  the  eubstance  in 
qnMtioci  is  pnmarily  related  to  g^ljcollic  (oxyucotic)  nnd  uiid  not  to  acetic  acid« 

L8eff«nil  dmTatires   of  the  types  nH*N    and    t^j^v  >   coiituiuing  the  radicles  CO, 

_        nyl,  and  CH*0,  glyooliyl,    have  reoeived  special  names  in  addition  to  their 

systematic  names :  for  instance,  carbamide,  ij«  (  N*,  is  also  called  urea^  and  this  name 

IK  often  applied  in  a  generic  sense  to  oU  compounds  derived  &Dm  urea  by  partial  or 

CO       T 
complete  replacement  of  its  hydiogen  by  other  radicles,  *< /nsT{^\fri  \^^  tihyf-urfa, 

H^UKiS'Tl^  [  N'  >  diacetyl-urea.  Similarly,  acids  fbnned  upon  the  type  of  hipptiric  acid, 

that  is,  by  the  replacement  of  hydrogen  in  glyoolkmic  add  (glycodue),      „,    [  q,  are 

ofl<'U  denoted  by  namr^  ending  ia  -wrwv  as  salicyluric  acid,  eumitiunc  aeid^  tfllnyluric 
acid.  KxL#»ptimMl  tii»m«vi  are  also  used  to  some  extent  far  th<?  compomid  i^tbtTs  cjtr- 
RspoDtling  (o  amic  aeidi>:  thus  ethylic  carbamate  is  also  ealliMi  urtlAitite  or  varfta- 
mrtkamf,  ethylic  oxomate  is  also  called  ofomslitfiM^  ethyUfl  lactamate  is  also  called 
iaeimtttkane.  Sec, 

We  give  below  a  lift  of  other  terminations  to  which  particular  significatiouif  are 
often  attaidied,  together  with  examples  illustrating  the  u^e  of  eiich. 

-at.  Abbreriation  of  aldehyde,  Ex.  Sutyrat  —  butyric  aldehyde;  Mcfof  =  ral- 
cfic  uUlehyde. 

-anil.     (fr.  aniline).     Phenyl-  — imide.     Ex.  Maianil  =  phenyl'maliroide. 

-  a  n  i  1  i  s  acid.     Phenyl amic  add.     Ex.  Suocinanilk  add  =  phenyl-succinamic 

acid. 

-an i tide.     Phenyl- ^amide.     Ex.  AcftanUid*  ==  phenyl-acetamide. 

-ene.     A  compound  (Nmt^intug  only  carbon  and  hydnjgen.    Esl  Btntene^  napkthnlmf, 

-ide.  (HA  conip^itn^l  of  two  etementj^  two  radides^  or  of  an  element  and  a  raelide. 
Ex.  ZiftC'fnrtmdr^  or  tinC'mfih^tide ;  mtth^Uc  ethuia,  (2)  A  terminariou  pro- 
posed by  Oerhiirdt  (S^stime  umtmrf,)  as  a  general  mode  of  denoting  anhy- 
dridej< :  it  i«  atiU  in  partial  use  in  thi«  sense,  Ex.  Gl^colUde^  luelide^  tnannidt, 
(S)  A  general  term  for  compound  ethers  ot  polyatomic  alcohols.  Ex,  Glyc€ridts, 
^i$teomdrs,  vuittniianuUs.     Seldom  used  to  denote  indiridind  substances. 

-in.  (1)  A  neutral  compound  of  carbon,  hydrogen,  and  oxygen.  Ex.  Glvcerinf 
aaiicin^mnKmin,     (2)  A  compound  ether  of  glycerin.     Ex.  Chhrhydrin^paimitin, 

*ine,  Au  alkaloid.  Ex.  Morpmne^  quinine.  Also  used  by  some  writers,  but  not  in 
this  work,  in  the  aame  sense  as  -ene^  Cft  -in  ;  as  bomsine  fax  bensene^  glycerine  for 
glycerin, 

« itan.    Emnloyed  by  Berthelot  to  denote  tlie  first  product  obtained  by  dehydrating  a 

BUgar  wnoM*  name  ends  ia  AU^     Ex.  Metftnitnn,  duicitun. 
•  ite.     A  saccharin''  eompu>tmd  eontntnit^  more  by'^'■.',r..f,  tiwm  would  be  required  to 


pinite* 
A ;  menthol  ^  tnenthylic 


eoinirert  all  the  oxyern  into  water.     Ex.  Ma7} 

-ol.     Abbreriatiou  of  alcohol     ^x.  Phenol  =■   ph* 
•kohol. 

-olet  Sotnefimes  used  instead  of  -ewe,  to  denote  hydrocarbons,  Ex.  BmsoU  for  ben- 
seoe,  ioiv^j/f  for  toluene,     Kot  used  in  thla  work, 

-one.  (1)  Abbrevi.'irioH  of  acetone  or  ketone.  Ex.  VaUrone  —  valeric  ketone; 
hcHMonM  i»  benjsoic  ketone.  (2)  A  termination  much  employed  without  definite 
meaning,     Ex.  Qmnonf,  ind^u$con*, 

•ose,  A  saccharine  compound  containing  oxygen  and  hydrogen  in  the  proportion  re- 
quired to  convert  each  completely  into  water.     "Ea.   Qlueose,  aacekarf**r,  lacta»f, 

-yL     A  compound  radicle.     Ex.  Etht/l^  benxo^^  benwyi, 

-ylene.  A  hydrocarbon  (diatomic  radicle )  cuntainiDg  1  at,  hydrogen  leits  than  tJie 
raiiide  of  corrt^pondin^  name  ending  in  *yl,  Ex.  Eikyinte,  iriti/Unt,  fttmi/imK 
^This  termiiiatiou  i*  5omt'^iml*4^  u^ej  in  a  nmnnt-r  which  is  uot  in  strict  accoriiance 
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with  thb  khave  rule :  thai  the  hydrocftrboni  of  the  series  OH^-'  are  called  aeeiy 
lene,  allylenet  erotonylene^  valerylene^  among  which  names  alljlene  is  the  only  one 
that  agrees  with  the  general  rule.  Some  general  mtem  of  naming  the  hjdro- 
earbons  homologous  with  marsh-gas  is  a  great  desideratum.) 

For  further  information  respecting  the  history  of  chemical  nomenclature  and  Tarioiis 
attempts  that  hare  been  made  fh>m  time  to  time  to  render  it  more  systematic,  see,  in 
addition  to  the  references  already  ffiven,  the  following :  Kopp,  Geschichte  der  Chemie, 
ii.  412  et  sea.  Berselius,  Lehrouch  der  Chemie,  edit.  1831,  toL  iv.  (2nd  part)  pp. 
^56,  957  ;  also  (for  a  much  fuller  treatment  of  the  subject)  edit  1841,  voL  x.  pp.  428- 
449.  Dumas,  Lemons  sur  la  Philosophie  Cbimique,  pp.  32 1-358.  B  o  s  e  t,  Berselius's 
Jahresber.  xxiii.  23,  24.  Gmelin.  Handbook  of  Chemistrj,  vii.  149-153.  Griffin, 
Chemical  Recreations,  7th  ed.  (1834),  pp.  234-274 ;  also  (another  system)  Radicle 
Theory  in  Chemistry  (1858),  pp.  86-90.  Newlands.  Chemical  News,  iT.  281 
(30th  Not.  1861).  Williamson,  Chem.  Soc.  J.  xvii.  (new  series,  ii.)  421.  The  fore- 
going relate  to  chemical  nomenclature  in  general ;  the  following  more  particularly  to  the 
nomenclature  of  organic  compounds:  Laurent,  Chemical  Method^  pp.  356  et  sef, 
Daubeny,  Rep.  Brit.  Associat.  1851 ;  Transactions  of  Sections,  p.  124.  Weltzien, 
Systematische  ^usammensteUung  der  oiganisch.  Verbindungen  (1860),  pp.  zzr.- 
xxTiii.  Berthelot,  Chimie  orsanic^ue  fond^  sur  la  synth&e  (1860),  L  180-186. 
Kolbe,  Lehrbuch  d.  organisch.  Chemie,  L  53-62. 

G.  C.  F. 
VOVTSOVZTBv     A  hydrated  ferric  silicate  allied  to  chloropal^  which  it  closely 
resembles  in  physical  and  chemical  properties,  excepting  that  it  gelatinises  with  acids. 
Its  composition  is  shown  by  the  following  analyses : 

a.  From  Nontron,  Dep.  Dordogne,  France  (Berthier,  Ann.  Ch.  Phys.  [2]  xxxr. 
92).— 5.  yillefranche(Dufr6noy,  Ann.  Min.  [3]  iii.  393). — c,  Montmort,  near  Autun 
(jacquelain,  Ann. Ch.  Phys-  [2]  xli.  101). — d.  Andreasberg  in  the  Hartz  (Biewend, 
J.  pr.  Chem.  xi.  162). — e.  Tirscbenreuth  (H.  Miiller,  Dana's  Mineralogy,  ii.  337).— 
/,  From  the  same  locality  (Uricoechea,  loc,  cii.): 
a.  b.  e. 
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C»H'».— The  ninth  term  of  the  series  of  alcohol-radicles,  C"H«^".  It 
is  also  called  Pthrgonyl,  but  that  name  belongs  more  properly  to  the  corresponding 
add-radide,  CH"0,  homologous  with  acetyl,  C*H'0. 

Nonyl  has  not  yet  been  isolated.  Hy  drideofnonyl^  C^fl",  occurs,  toother  with 
nonylene,  C^H'*,  and  many  other  hydro^bons  of  the  series  C"H>**  and  C"H^,  among 
the  products  obtained  by  distilling  amylic  alcohol  with  anhydrous  chloride  of  sine 
The  nydride  of  nonyl  and  nonylene  occur  in  the  portion  of  the  distillate  which  goes 
oyer  between  135**  and  150°  and  are  separated  by  means  of  bromine,  which  combines 
with  the  nonylene  (Wurts,  Bull.  Soc.  Chim.  1863,  p.  300  ;  Ann.  Ch.  Pharm. 
exxTiii.  225;  Jahresb.  1863,  p.  510).  Hydride  of  nonyl  is  also  contained,  together 
with  other  alcoholic  hydrides,  in  American  petroleum  (Pe louse  and  Cahonrs).  See 
Htdbzdbs,  iii.  181. 

Hydride  of  nonyl  boils  between  134®  and  187*^ ;  its  vapour^density  by  experiment  is 
4*50  (Wurtz) ;  by  calculation  4*432.  Its  odour  is  somewhat  like  that  of  li^nonzL 
(Pelouze  and  Cahours.) 

Chloride  of  Nonyl,  or  Chloride  of  Pelargyl,  C»H'»C1,  obtained  by  the  action  of 
chlorine  on  hydride  of  nonyl,  distils  over  as  a  colourless,  mobile,  aromatic  liquid, 
having  a  specific  jparit^  of  0899  at  16°,  and  boiling  at  196°  Heated  with  acetate  of 
potassium  to  150°,  it  yields  acetate  of  nonyl  as  a  liquid  which  has  a  fruibr  odour, 
boils  between  208°  and  212°,  and  when  boiled  with  potash  yields  hydrate  of  nonyl, 
nonylio  or  pelaryonic  alcohol,  as  an  oil  boiling  at  about  200°.  (Pelouse  uid 
Cahours.) 
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WOWYlULBKIWMf  C*H*'N, — Obtained  by  the  action  of  ammonia  on  ehloride  of 
nonyL  Colourless  liquid  having  an  aromatic  and  aromoniacal  odour;  boiling  betwofU 
190°  and  192° ;  somewhat  soluble  in  water.    (Pelouze  and  Ca hoars.) 

ra.    C»H".    POaryonene,  Elaene.^Thk  hydrocarbon  ooenxi^  logetbfr 
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with  licxyl<*ne,  among  the  prodncU  of  the  dry  distilUtion  of  hjdroleic  or  metoleic  acid. 
_Xhcertide  distiUate  m  redistilled  at  ItO*^  to  remote  a  quantity  of  erapjTeiimi%tic  matter; 
I  liquid  which  pusM  over  ii  agit&ted  with  dilute  potjish-1^3%  to  free  it  from  TolatUe 
ctda,  and  dried  OT«r  chloride  of  caMmn ;  and  the  hexylenc  and  nonjlene  are  6naUy 
Iveparatcd  by  fracttonal  di&tiUAtion  (Fr^my,  Ann.  Cb.  Phjt.  [2]  Ixt.  143)*  It  b  also 
llbnDd,  together  with  hydride  of  nonyl,  &c.f  among  the  producta  of  the  distiUation  of 
[.Amjlic  alrabol  with  chloride  of  line  (Wurti,  ^.  cit.).  It  is  a  ooloorlees  liqnid, 
rSghter  tbiui  w}it«r,  io soluble  in  water,  soluble  in  alcohol  and  ether;  has  a  pen etrat trig 
l^oar;  bonw  with  a  bright  white  flume;  boils  at  about  110^(Fr^«T);  at  about  140'' 

'"Turts).    Vapour-denait J,  obs.  «  4  071— 4-48S  (Fremy)  ;  4*54  (Wnrts);  calc.  - 

Bromidf  of  Konyltne,  CH^'Br*,  formed  by  diroct  combination*  la  a  non- volatile 
quid,  which,  like  its  oongeners,  is  attacked  hy  oaufttic  potasli,  yichiiDg  a  liquid  boiling 
IVtweeu  140^  and  200^,    (Wurtx.) 

Cki&ridt  of  Nonyl*ne^  CH**C1*,  also  formed  by  direct  combination  at  ordinary 
[•tsmpemturea,  is  an  oily  lianid,  heavier  tlutn  watert  naming  a  rather  agi^eable  odour 
I  much  like  that  of  anis<^;  it  dutds  with  a  green  smok^  flame.     (Fr^my.) 

«Oirrx.XC   AZiCOHOXi.     S^^e  Nontt,  (p.  134). 

MOaPMW g^ioitPITJb  A  mineral  from  Rnseula  on  Lake  Onega  iu  Ho^is, 
pirobably  a  variety  of  tremolite  (iii-  169),  Contains,  according  to  C.  T-  Hauer,  6078 
per  cent,  silica,  2*63  ferric  oxide  and  alumina,  14' 12  lime,  and  22*46  muguei4iii» 
(Jahrrsb.  1854,  p.  820.) 

WOBira.  A  ittck  occurring  near  ^geraund  and  other  placv  on  the  west  coast  of 
KorwHy.  Its  composition  is  that  of  a  gabbro,  aom<>whitt  poor  in  angitic  conMituents 
(hyperttk^e  and  diallageX  &wl  characterised  in  several  places  by  an  ailmixtuiv  of 
titjLnifcrous  iron.  Kjerulf  (Jahresb.  1862,  p.  791  )t  found  in  a  nont4>  from  TrouQeld 
in  the  Oesterthal.  of  grej  to  violet  colour  and  containing  labradorite  andgre^n  dialliige: 
6006  per  cent,  diica,  673  titanic  oxide^  16'44  alumina,  9  71  ferric  oxide,  14  66  lime, 
4 '88  magnesia,  1*38  si^da  and  a  trace  of  potaah. 

VOBXmS*  The  nnme  of  a  metal  which  has  been  supposed  to  accompany  ziroo- 
nium  iu  most,  if  not  all  of  the  minerals  which  contain  it.  This  idea  of  the  composite 
nature  of  the  earth  commonly  c^cd  zLroonia,  ia  baaed  upon  some  experiments  of 
Brail berg(Pogg.  Ann,  Ixv.  317)»  who  found  that  wh**n  chloride  of  zirconium  was 
finaetionally  precipitated  bj  oxalic  acid,  the  sevcra.!  prtK*i pirates  exhibited  corisidf^mble 
difStrenoes  of  composition.  On  the  other  hand,  Berlin  (J.  pr  Chem.  Ivii.  lloj  finds 
that  the  several  prsaipttates  of  oxalate  of  xirconinm  thus  produced  do  not  exhibit  auy 
differences  of  composition  snfldentlpr  great  to  wamiot  sndE  a  coucIudiou,  The  matter 
requirra  therefore  further  investigation. 

MOBMAM.  A  mineral  allied  to  haujne  (iiL  15),  occurring  in  rhombic  dodecahe- 
drons, sometimes  modified  with  faces  of  the  cube,  more  rarely  of  the  trapesohedroa 
2  0  2;  often  granular  maasivc.  HjLrdne^  «  65.  Specific  gravity  s  2*25 — 2*8. 
Colour  greyiah,  bluish,  or  brownish,  sometimes  black,  Tranalucent  to  nearly  opaque. 
Before  uie  bbwpipe,  it  loMs  odtour  and  fuses  on  the  edges.     Gelatinises  with  acids. 

Nosean  is  found  chiefly  in  the  eruptive  rocks  at  IjJce  Loach,  near  Andemach  on  the 
Khiue ;  also  at  Riedc'U  and  Tolkerfeld  in  Pnusia  in  a  leuctte  rock. 

The  following  are  analyses  of  the  mineral,  mostlj  from  Lake  Laach:— a,  k 
Bergemann  (Bull,  tie  sc.  nat,  1823,  iii,  406)^— -«.  Varrentrapp  (Fogg.  Ann.  xlix, 
615),— dL  Whitney  (ibid,  Ixx.  431). — t.  Blackiflh-green  to  clove^brown;  spedflc 
gravitr  2280.— /-  Light  bluish -grey  ;  specific  gravity  2 '299.^ — ^,  Leek*green,  from  the 
Haardt  near  Rieden  ;  ept^citic  gravity  2*336. — A  Transparent  and  colourless,  mostly  in 
t win-cry stala  (the  so-called  8<Klsiite  from  Lake  Laach);  specific  gravity  2'399  (G.  r. 
Kath,  Jahresb.  1863,  p.  822) : 


m. 

A. 

c. 

d. 

e. 

f^ 

8^*46 

il. 

Bilica    ,         .         .         , 

.     38-50 

3700 

36^9 

3052 

36-72 

36-69 

36-87 

Sulphuric  anhydride 

816 

11-66 

917 

7-40 

752 

7-30 

7-34 

lOOO 

Clilorine 

. 

,      ^ 

0-65 

0-61 

0-71 

105 

0*70 

1-08 

Alumina 

.     2926 

27*50 

$2*56 

29*48 

2908 

28'45 

29*61 

26-60 

ferric   oxide    (with 
manganic  oxide  . 

267 

178 

0*06 

014 

0*75 

047 

0-91 

0*28 

Xime     ... 

'       114 

814 

Ml 

1-35 

1*20 

0-63 

2-37 

405 

Soda     , 

.     16-66 

1224 

17'84 

23  04 

2383 

23*00 

20*60 

20-75 

Potaah  ,        .         .        , 

•      •      * 

,     , 

,     , 

,      , 

0-34 

,      , 

•      * 

traci* 

Water   .         .         , 

♦      »      - 

,      , 

1-85 

187 

0-88 

215 

2'0l 

0  37 

Bulphur 

2-82 

1*41 

9910 

9063 

99-23 

ioi'ii 

100  48 

I00*6i 

lOOOO 

Toooi 
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RammeUberg  suggests  as  probable  that  nosean  lias  the  composition  (KaO.SNjiAir 
SIO*)  +  5(Na^^6NaAll"'8iO^),  that  is  to  say  that  it  consists  of  1  molecule  of  dodib*| 
lite  united  with  6  molecules  of  a  soda^haiiTne  containing  6  atoms  of  silicat6.    Th^ 
formula  requires  36*83  per  cent  silica,  7*26  solphnric  anhydride,  30*71  alumina,  241 
soda,  and  1*06  chloride  of  sodium. 

VOTATZOV*  The  system  of  chemical  notation  now  in  use  ^mong  dbe 
bf longs  exclusively  to  modem  times,  for  it  is  essentially  an  expression  of  the  do( 
of  de6nite  combining  proportions,  and  the  atomic  theory.  £at  in  &\l  ag«s  ia  wh 
chemistry  has  been  cultivated,  signs  of  some  kind  or  other  seem  to  hate  Wen  emplo 
to  represent  the  various  kinds  of  matter ;  and  although  we  may  n^rd  the  defli 
quantitative  value  which  chemical  symbols  have  possessed  since  the  introdactiotiof  t 
atomic  theorv,  as  constituting  an  essential  difference  between  the  chetnic^  notation  of  I 
the  present  day  and  that  of  any  former  age,  still  it  is  not  difficult  to  tmce,  tn  the  nota- 1 
tions  of  the  earlier  periods  of  the  science,  nearly  all  the  most  important  ekmentti  of* 
that  now  employed. 

The  very  early  belief*  in  a  connection  between  the  several  n»emben  of  the  flolir 
system  and  individual  metals  led  to  the  representation  of  both,  not  only  by  1^ 
same  names  (Nomsnclaturr,  p.  118),  but  by  the  same  signa.  The  following  aooooat 
given  by  Hassenfratz  and  Ad«>t  of  the  appropriation  by  the  early  chemists  of  these 
signs  to  the  particular  metals,  shows  that  they  were  by  no  means  applied  arbitrarily 
or  at  random,  but  in  accordance  with  a  general  system  of  ideas.  "The  metals  weni 
divided  into  coloured  or  solar  metals,  and  white  or  lunar  metals.  The  metals  of  these 
two  classes  were  again  subdivided  into  perfect,  semi -perfect,  and  imperfect  metals ; 
perfection  was  expressed  by  a  circle,  a,  fi^,  732 ;  semi-perfection,  if  we  may  use  ■neh 
an  expression,  by  a  semi-drde,  h;  and  imperfection  by  a  cross  or  by  a  dart^  c.  Thus 
eold,  which  was  preeminently  the  solar  metal,  was  represented  by  a  simple  circle,  d; 
uiis  figure  was  common  to  the  metals  of  the  same  class,  as  copper  e,  iron  /,  and 
antimony  ^ ;  but  for  these  it  was  combined  with  the  symbol  of  imperfection.  Silver, 
which  thev  considered  as  a  semi-perfect  lunar  metal,  was  denoted  by  a  semi-cirde  b; 
tin.  A,  and  lead,  f,  had  likewise  the  semi-circle  for  their  symbol,  as  belonging  to  the 
same  class ;  but  the^  were  distinguished  from  silver  by  the  cross  or  by  me  dart 
Finally,  mercury,  which  was  an  imperfect  metal,  at  once  sokr  and  lunar,  bore  the  dis- 
tinctive marks  of  both  these  classes,  and  was  denoted  by  a  circle  surmounted  by  a 
semi-circle  with  the  addition  of  a  cross,  j,^*  (Mimoire  sur  de  nouneaux  caracUres  a 
employer  en  Chimie,  1787.) 

Fig.  732. 

a,  b.  c.  d.  e,  /.  g,  k.  i.  J, 

Additional  symbols,  framed  by  individual  chemists  in  accordance  with  their  own 
special  opinions,  were  employed  to  denote  other  substances,  but  those  eiven  above  long 
remained  in  universal  use.  We  still  find  them  among  the  chemical  signs  adc^ted  by 
Bergman,  whose  system  may  be  taken  as  the  latest  important  representative  of  the 
ideas  which  reigned  in  chemistry  before  the  time  of  Lavoisier,  and  is  therefore  entitled 
to  a  passing  notice.  The  four  ancient  elements  were  represented  by  Bergman  as 
follows : — 

A  V  A  V 

Fire.      Water.        Air.        Earth. 

and  the  principal  classes  into  which  chemical  substances  were  then  divided,  by  the 
following  general  symbols : 


o       ©       ^ 

Acid.  Inflammable      Metal  Salt.         AlkaU.  Calx, 

matter.        {regtdus). 

In  order  to  denote  particular  substances,  one  of  these  general  symbols  was  used,  in 
combination  with  some  special  sign  of  difference :  thus  the  several  acids  were  denoted 
by  a  cross  followed  by  a  sign  characteristic  of  each ;  the  metallic  calces  by  the  symbol 
"  calx,"  ^which  when  followed  by  the  letter  ^,  for  pura,  signified  lime),  followed  by  the 
special  sign  of  some  particular  metaL  (See  Hassenfratz  and  Adet,  op.  eit.;  also 
tne  frontispiece  to  "A  Dissertation  on  Elective  Attractions,  by  Torbern  Bergman,** 
London,  1786;  and  the  plat«s  to  Pearson's  "Translation  of  the  Table  of  Chemical 

*  BvrgmMi  quotitt  h  pasMge  from  the  writings  of  Celsus  against  Orifen,  accordiug  to  which  this 
b«li«rf  cxiated  among  the  ancient  Fertians. 
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^omeackmrt  ptopoted  Vy  Qu^rtoti.  LtroiiiiM'i  Betlbolet  and  Be  Fourcroj*" 
•2nd  ediL  Londm),  17W>.  In  thi*  Iwt  work  Ih*'  signs  employed  by  Oeoffroy  will  ilso 
t>e  found ;  for  in{brm»tion  on  the  origin  of  t^hemictil  symbob,  the  author  niem  to  ii 
"  Tntct  on  Symbols,''  by  Wall  of  Oxford,  written  in  1783). 

Theae  i^gns  of  Ber^manX  *uid  indeed  all  thai  bad  hitherto  been  employed,  indicated 
the  anbaUnina  to  which  they  were  apnlied,  exactly  in  the  same  way  as  the  ordinary 
names  of  tboM  fnbatanoea  indicated  tnem.  They  may  in  fact  be  rpgiirded  as  merely 
abbreviated  modes  of  writing  chemical  namee,  for  the  information  which  they  cxjq* 
veyad  waa  nreeiMly  the  same  as  that  given  by  the  latter.  Those  symbols  did  not  ex- 
pren,  and  Aad  not  anv  necessary  relation  to  the  oompoaition  of  the  substances  they 
denoted ;  and  indeed  it  ie  evident  that  at  a  period  when  fire*  air,  earthy  and  watrr 
were  still  regarded  as  the  elements  of  all  material  things,  chemists  can  hare  bad  no 
dear  ideas  to  euress  touching  what  is  now  understood  by  chemical  compo<«ition. 
Aeeordingly,  we  first  And  chemical  eiais  nsed  in  their  modem  Benm^  that  iSf  to  denote 
chemical  composition,  by  the  philosopher  who  Ant  clearly  pointed  ont  what  was  to  be 
^mdenitood  thereby.  In  a  memoir  by  LaToisier,  entitled,  ''Oonsidirations  gen^ral»«a 
snr  la  diaaolution  des  M^tanz  diuia  les  addee,"  published  in  the  M^moires  de 
rAcadimie  des  ScLenecs  (annee  1782,  p.  492 ;  also  **  Chuvree  de  Lavoisier,"  ii.  509,  4to, 
Paris  18921  ooeturs  probably  the  first  example  of  the  employment  of  sj^bob  to  denote 
the  saocefstre  steps  c»f  a  chemical  operation.  The  meaning  which  Lavoisier  attiiched  to 
the  s^ns  used  by  him  will  be  best  con^eyod  in  his  own  words. 

^  .  .  .  .  j*ai  constroit  des  eiptees  de  formulee  qn'on  ponrrait  prendre  d'aboid 
ponr  des  fiirmules  slgibriqnest  ■■uu'  ^^^  n^ont  point  le  m4me  oljet,  et  qui  ne  d4rivent 
point  d«B  m4mei  ptincipea ;  nona  sommes  encore  bien  loin  de  ponvoir  porter  dans  la 
chimie  la  pr^daion  math^matiqnei  et  je  prie  en  consequence  de  ne  cunsid^rer  lea 
Jbrmulas  que  je  vais  donner  que  comme  des  simples  annotations,  dont  ToLjet  oat  de 
Bonlager  les  opiratiaos  de  Fesprit 

Soit  one  snbstance  m^talUqne  quekonqne        ....  8.M, 

Vn  adds  qnelconqne %^f\^ 

L*eaii ,,,,  Y 

IiS  principe  oxygine       .        , ,^ 

L'atr  nitrenz j^ 

L*acide  nitrenx       .         , Q9 

"  On  aura,  ponr  expression  g^ndmle  de  tonto  dissolution  m^tallique^ 

(SuV.)  (V^_/S^> 

**  Cef  te  formnle  gi^^rale  variera  sutvant  la  nature  do  Faddeet  suivant  eelledn  mStal; 
ainsi,  par  exemple^  si  c'est  la  dissolation  du  fpT  dans  Fadde  nitreiu  quVn  vent  ex- 
primer,  on  nam  (  ^  )  (  V   B*  >  ^ 

««Mais  Tacide  nitrenx  ^tant  lui-ro^me  nn  compost,  il  fant,  dans  cette  formiile,  y 
mbilitiser  sa  valenr,  ct  iilors  la  formula  prendra  la  forme  qui  suit  (  ^  )  (  V'"^^  A^?  ). 

^Sdt  suppose  la  quantity  de  fer  «  a,  il  est  cluir  qu'il  £iudra,  pour  dis«oudre  odo 
quantity  a  de  fer,  tine  quantity  d^termin^  d'scide;  qu*ll  y  a,  par  congruent,  une  re^ 
lation  entre  la  qnantite  d'acido  et  celle  dn  fer  i  et  quVn  nommant  h  cettc  r^lutionf 
j'aiimi  n  h  ponr  IVxpreittiiion  de  la  quantity  d'adde  niSicesvaire  a  I:i  dissoluticn. 

*'I1  est  dair  encore  qn'une  quantity  a  6  d'adde  nitrenx  est  compos^e  d'nno  Cfrtaino 

i«  *  .  ab 

portion  a  eoOj  qneje  ponrtai  mommer - — 

"D'nne  oertaine  portion  de  prindpe  oxyginCi  que  je  ponrrai  nonuner        .         — 

*iyiine  certaine  portion  d'air  nitrenx  que  je  pounm  nommer  .        *        ,         ^ 

"  Enfin  je  ferai  observer  que,  pour  que  cee  eortea  de  diaaoliitioini  ne  se  fsssent  pofa 
d'une  mani^re  trop  tumultneuse,  il  est  n^ceasaire  do  eonper  l*adde  de  deux  parties 
d'eaa,  d'aprte  quoi  la  formule  d-dawns  denendra: 

ab  nA   >it         ob   ^ 

(ai)    +    (2nA  V   +    —V)   +   (-7*^  +   T^^>- 

*•  Telle  est  la  formule  qui  ropr^M^nte  rexpresdon  du  dissohunt  et  de  la  substance  k 
dnMNldre  atant  le  melange.  Mius  si  tot  que  Faction  disaolvante  a  lieu,  le  mitat  eni^ve 
a  FMlde  nitrenx  la  quantity  de  principe  oxygine  n^cessaire  pour  ne  satnrer.  Cette 
quantity  est  encore,  pour  cbaque  m^t,  dans  nn  rapport  constant  arec  la  quant it*^  de 
ce  m^e  m6tal,  et,  puisque  j'ai  nonim^  a  la  qoantiti  du  metal,  jv  pournii  nommer 
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^  la  quantity  de  principe  oxygine  u^cessaire  ponr  le  satnrer.     II  est  dair  que,  quaiid 

la  diwolntioD  est  fiiite,  cette  quantity  doit  Atee  ajout^  an  fer  dans  la  formnle,  e« 
retnmch^e  de  rezpression  de  Tacide  nitzenz  ;  ainri  la  fonnide  deyiendia : 

{«*  +  1"^)    +    (2<»*V  +  y  V)  +  (-7>^-  j<^  +  ?A*)- 

Et,  4  cause  qn^il  se  d^gage  de  la  combinaison  une  qaantiti  d'air  xutrenz  i  pen  pria 
^^e  en  poids  4  celle  de  principe  oxygine  absorb^  par  le  m^tal,  il  fant  zetnmclier 

^  A<*    ^^  ^^  fbrmnle  ponr  avoir  Tezpression  r^elle  de  ce  qni  restera  apr&s  la 
dissolution ;  on  aura : 

(«^  +2^)   +   (2«6V  +  f  A)+(7^-|^   +   y  A*     iA*> 

"  Lea  paientlidsea  ezprfanent  la  mani^re  dont  sont  gronp^  le«  mol6cales  de  difSfcnta 
nature  dans  la  disMlntion. 

"Pour  plus  de  simplification,  je  iuppoaerai  que,  dans  tmxtes  oes  dimoliitioiM^  la 
quantity  d  acide  employ^  est  toujonrs  d  une  livre ;  d*aprte  qnoi,  a  b  deTiendra  ifjd  4 
runiti,  et  la  formule  se  r^uira  4  ce  qui  suit: 

'*  n  ne  8*agit  plus  que  de  donner  une  yaleur  numeraire  4  toutes  ces  quantity  ;  et  je 
Tais  rendre  coinpte  des  prineipales  experiences  dont  je  suis  partL" 

In  the  remainder  of  this  paper,  Laroisier  compares  the  numerical  results  calculated 
bpr  means  of  this  formula  with  those  yielded  by  actual  experiment,  and  shows  how 
similar  formulae  may  be  applied  in  other  cases. 

Althoagh  the  notation  employed  by  Lavoisier,  in  the  memoir  from  which  we  have 
quoted,  was  distinctly  founded  upon'the  principle  of  denoting  compound  bodies  by  means 
of  their  elementary  constituents,  this  principle  was  neTertheless  only  xetj  imperfectly 
carried  out,  water  for  instance  being  still  represented  by  Bergman's  symbol  instead  at 
by  the  symbols  of  its  elements,  notwithstanding  that  Lavoisier  had  himself  published 
in  the  previous  year  two  memoirs  demonstrating  its  compound  nature.  But  the  rapid 
advances  in  systematisation  which  took  place  in  the  next  few  years,  soon  renderea  it 
possible  to  apply  this  most  important  principle  in  a  much  more  complete  manner. 
Accordingly,  in  1787,  Hassenfratx  and  Aaet  published  two  memoirs  (fix>m  one  of 
which  we  have  already  quoted,  p.  136),  wherein  they  proposed  a  much  more  complete 
and  systematic  chemical  notation  than  any  that  mia  hitherto  been  proposed.  Thej 
began  by  assigning  symbols  to  the  elementary  or  undecompounded  bodies,  employing 
similar  symbols  for  all  the  bodies  of  the  same  class,  and  giving  the  simplest  to  sudi  as 
were  of  most  frequent  occurrence.  Thus,  caloric,  oxygen,  and  nitrogen  were  daaaed 
together  as  '*  substances  which  can  exist  in  the  aeriform  condition  at  the  ordinary 
temperature  of  the  atmosphere,  and  which,  as  entering  into  the  composition  of  an  in- 
finity of  bodies,  require  the  utmost  simplicity  in  their  characters,'*  and  were  accordingly 
represented  by  different  positions  of  a  straight  line :  thus,  |  caloric,  —  oxygen,  / 
nitrogen.  The  fourth  position,  \  was  reserved  to  denote  a  new  element  of  the  same 
class  whenever  such  might  be  discovered ;  and  by  adopting  zigzag  instead  of  straight 
lines,  four  additional  symbols  were  obtained  for  bodies  of  Uie  same  class,  one  of  them, 
«*,  being  employed  for  lights  and  the  three  remaining  positions  being  reserved  "pour 
dftigner  de  nouvelles  substancei  eimpiee  et  airifonnes  lorsqite  ton  en  deoouvriraJ'* 
Similarly,  a  semi^circle  was  used  as  the  general  symbol  for  combustible  elements,  each 
individual  being  distinguished  by  a  particular  position  of  the  common  character:  thus 
^  hgdrogen,  Q  earbon,  ^^  sulpnuTf  (^  pnoephorus.  The  other  general  symbols 
were  as  follows :  ^  alkalis,  ^  earths.  Q  metals,  Q  addifiable  compound  radieks, 
^  non^acidifiable  compound  substances  (such  as  ether,  alcohol,  oil.  Sec),  These 
iiymbols  not  admitting  of  the  formation  of  a  sufficient  number  of  special  signs  by  men 
variations  of  poeition,  the  signs  representing  particular  substances  were  obtained  hf 
placing  the  initial  letters  of  their  names  inside  the  common  symbol  of  the  class  to  whin 
they  belonged.  For  instance,  among  the  metals,  gold  alone  was  denoted  by  the  sjrnibol 
0,  '*  in  order,"  as  the  authors  say,  *'  to  preserve  the  ancient  character,"  the  remainder 
being  denoted  by  a  circle,  inside  which  was  inscribed  a  letter,  or  in  case  of  the  nsBfli 
of  more  than  one  metal  having  the  same  initial,  two  letters,  taken  firom  their  hUiii 
pamesr      For  instance,  0  lead,  (r)  plaHnum,  0  siltfer,  0  arsmie,  @  atUimang, 
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lie.  Compoiukd  bodie*  wwe  d«aot«d  by  ibf>  juxtnposition  of  the  ■jmbali  of  Ihrir 
clemenu,  these  betng  pieced  opoa  the  same  bomontel  line  when  the  elements  were 
fegarded  as  mutoaltj  eetunted,  but  when  any  element  wue  eappoaed  to  be  in  ezoeee,  its 
ejnibol  was  placed  belcrwthe  line,  or  abo?e  if  it  was  in  defipct  Thas  T~  rnpresented  ictf ; 
the  tame  combined  wkh  a  small  quantity  of  caloric  constituted  water  ^^  and  with 
caloric  in  excees  it  co?utitiited  »icam  ^* 

A  most  important  Alteration  in  the  meaning  of  chemical  symbols  resulted  from  the 
introdnctioo  of  the  atomic  tbeoiy ;  finom  this  time  they  had  not  merf'ly  a  qnalitatiTe  but 
a  qoantiUtire  eignificmtloo,  the  symbol  of  each  subet4inc«  no  longer  r«>preeeuting  an 
indefrnite  qnantity  of  that  substance,  but  a  panioolar  weight  proportional  to  the 
vuppo!)ed  weight  of  its  atom.  The  atomic  symbols  employed  by  Dal  ton  bad  all  the 
e&mB  gf^n«ral  form,  namely  that  of  a  cirele,  this  form  being  most  likely  adopted  by  Mm 
because  hf^  cansidered  the  atoms  themsekes  as  In  all  probability  sphf^rical.  Examples 
of  some  of  the  symbols  empl^ed  by  him  for  non-mer^dlic  element«  havf?  alr^ddy  hi^en 
ffiTen  in  the  articles  Atoiuc  Waionra  (i.  453)  and  EarTTAJ.urrs  (ii.  49-1^ ;  In  order  to 
denote  the  sereral  metals^  he  adopt«d  the  same  expedient  as  Hassenfi:»t2  and  Adet, 
namely  placing  their  initial  letters  inside  the  cirde. 

In  1816,  BerxoUus  proposed  a  system  of  notation  in  which  the  use  of  inkinl  lett<»rs 
was  extended  to  all  the  dements,  and  the  use  of  the  enclosing  drelee  was  dispensed 
with.  At  the  same  time  he  introduced  the  method  of  denoting  seTeral  atoms  of  the 
same  clement,  or  seTeml  molecolea  of  the  same  compound^  by  means  of  eoeflRcients, 
thus  bringing  chF>mical  notation  almoet  ex^urtly  into  i\ji  pro«;ent  state.  But  in 
addition  to  the  modnm  system  of  chemical  formula?,  which  will  l>p  found  more  fully 
desehbed  below,  BerzeliuK  proposed  a  system  of  minenilogiciil  foritiulfD,  which  though 
aeldoro  met  with  in  modem  works,  require  some  notice  in  u  hislorical  nummary.  These 
fbrmuls  were  used  only  for  the  alk^^hne^  earthy  and  some  metnllic  Pilicjites.  Silicft 
and  the  Tanoas  oxides  ooenrring  in  these  minerals  were  denoted  by  thfir  initial  letters, 
the  higher  (or  ^ic)  oxides  l^  capitals,  and  the  lower  (or  «ous)  oxides  by  smnll 
letters,  italics  being  employed  tor  both  in  order  that  these  might  not  be  confounded 
with  the  chemical  formulie.  For  instancy  K  »  potash.  N  »  soda,  B  «  baryttH  Sr  ■» 
strontia,  C  »  lime,  A  ■■  alumina,  8  <»  silica,  Mn  *s.  man^sjiic  oxide^  mn  »^  man^nous 
oxide,  F  *-  ferric  oxide,/  —  ferrous  oxide.  When  two  symbols  were  joined  without 
a  coeffidenf.,  they  represented  a  compound  of  two  oxides  in  such  proportion  thnt 
«^ach  contaioed  the  samo  quantity  of  oxygen:  thus  (taking  S  «  SiO')^  AS  stood 
for  ji/*0*. Si* 0";  but  when  a  coefficient  was  nsed,  it  d<^iioteil  comliination  according 
to  a  multiple  of  the  above  propoitioa,  as  AS'  »  APO\'SSiO\  or  A^S  -  ZAt'O^.SiCK 
(BerzeliuH,  Uhrbuch  drr  Chmm,  ed.  1631,  \*oL  ir.  pt.  2.  p   107^0 

Still  another  system  of  abbreviated  formulae  pn>p>»ed  by  l^nelius  is  now  seldom 
need,  except  by  mineralogists,  and  reuty  therefore  be  mentioned  here  in  connexion  with 
the  fbfcgoing.     We  refer  to  the  v^a  of  dots  placed  above  the  symbol  of  an  element  in 

order  to  express  its  corobi nation  with  oxygen,  ns  S  for  SO*  and  S  for  SO",  Afler  the 
discorery  of  the  «ulphur-salta,  this  mode  of  notatinn  was  extended  by  the  use  of 
commas  to  stand  for  j»ulphur,  short  horisonlal  strokes  for  selenium,  and  sraaU  crotMl 
for  tellurtum:  thus 

K  Ho  molybdate  of  potassium. 

it  Mo  snlpbo^molybdate  of  potasssnum. 

K  Mo  seleno-molybdate  of  potaaitiun* 

K  Mo  tellnro-molybdftte  of  potaaaiitm* 

From  a  chemical  potnt  of  Tiew,  these  formtdte  are  open  to  the  serious  objocLion  that  they 
seem  to  imply  an  essential  diiference  between  the  mode  of  combination  of  oxygen  and 
its  analogues,  and  that  of  all  other  elements.  Accordingly,  Lie  big  aodPoggendor^ 
in  their  great  Dictionair  of  Chemistry,  recommended  the  entire  abandonment  of  them 
(aes  Sandw&rierbuck  itr  rtintn  tmi  angnemnditm  ChemU,  preikce  to  flnt  edition ; 
aim  Ann.  Pharm.  ix.  8,  foot^note^  as  veU  aa  of  tlie  horiiontal  strokee  through  symbols 
wed  by  Bersejlns  to  denote  double  atoiii&  At  the  eaoe  time  they  proposed  another 
modiftcatiun  of  Benelius's  notation,  which,  though  it  has  been  extenniiTely  adopted, 
cannot  be  considered  as  an  important  impsovementt    This  was  the  placing  of  the 

•  It  H  wcM-thf  oT  rtcnarli  ihAt,  althouf  b  w«  now  know  llw  cooecptien  of  eftJoHc  w  «  •ub«t«nc«  to  hvm 
berii  riTOTiroiii,  the  uttempt  Co  exprew  ifae  ()U«nCiljr  oi  U  co<itAtn«il  In  a  nuMfirljU  AubtUQoe  Id  «njr  ^tcn 
i  a(r,  rrndpfdl  HuMnf^sti  sod  AM*'t  fsnmulw  In  oq«  raipwrt  more  cvrnptHttban  tJiHW  n&w  rmpli^ed.. 
Tl!#  o^af  »imiUr  attempt  v«  v»  se^lialtilMt  irtth  In  modern  clirailarj  \t  th^  !«(«  Ht  Bovman'tmitJlKid 


of  dt^KXing  tlif  «ist«i  of  vggrcmtfJim  oTa  tobsUtiet  bjr  vaiTlnf  the  kkMl  oftipe  enplorad  in  nrlDltas  lU 
tjiabol*.    <5m  hit  Fraetkmt  CkemiUr^,  Loodoa  ISM,  pp.  kf  111.— asl^i.) 


HO  NOTATION. 

email  naiAerals  employed  to  multiply  the  elemontaiy  symbols,  below  the  symbob 
instead  of  above  them,  as  CO,  instead  of  C0»,  C.H,  instead  of  G^*  &c.  The  obiecfc 
of  this  latter  alteration  was  to  prevent  the  possibility  of  the  coefScients  emoloyed  in 
chemical  fonnulse  being  supposed  to  hare  tne  same  meaning  as  the^  similarly  placed 
exponents  in  mathematical  lormulsB.  Mitscherlich,  with  the  same  object,  avoided  the 
use  of  the  small  numerals  altogether ;  thus  for  instance  he  wrote  chloride  of  benzoyl 
rosing  the  atomic  weights  of  the  period)  14C10H2O2C1  instead  of  C"H'»0H31«  The 
danger  to  be  avoided  was  not  however  so  great  as  to  necessitate  either  of  these  expe- 
dients. . 

At  firsts  even  after  thev  had  assumed  almost  completely  their  modem  form,  chemical 
formulsB  were  not  so  much  used  to  express  processes  of  chemical  change,  as  to  denote 
the  composition  of  individual  substances.  When  they  were  used  to  express  a  reaction 
the  arrangement  of  the  svmbols  was  usually  different  from  that  now  commonly  adopted. 
As  a  gen^iil  rule^  instead  of  a  chemical  equation  as  now  written,  the  fbrmuUe  of  the 
reagents  were  written  one  under  the  other,  the  similar  atoms  being  added  together,  and 
the  same  was  done  with  the  formulae  of  the  products,  and  the  sign  =  was  placed 
between  the  two  sums.  For  example,  the  transformation  of  prussic  acid  and  water 
into  formic  add  ammonia  is  thus  represented  in  Liebig*s  treatise  on  Organic  Chemistiy : 

*•  1  equiv.  of  hydrocyanic  acid,  N*C*H"     ^       (I  equiv.  of  ammonia      .     N*    H* 
8  equiv.  of  water       .        .  H*0*  [  «  ]  1  equiv.  of  formic  acid  .         CH'O* 

But  the  more  modem  form  of  chemical  equation  with  the  sign  -f  was  likewise  used  not 
unfrequently,  the  idea  of  euressing  chemical  changes  in  this  way  dating  in  fact  from 
Xiavoisier,  in  whose  Traiti  eUmentaire  de  Chimie  (Partie,  L  chap,  xiii.)  mere  occurs  a 
true  chemical  equation :  namely, 

"  MoUt  de  raisin  «  acide  carhonique  •¥  alcocl.^^ 
Turner,  Johnston,  and  Graham  were  among  the  first  British  chemists  who 
adopted  Berzelius's  notation,  and  the  earliest  English  elementary  work  into  whidb 
it  was  introduced  was  the  third  edition  of  Turner's  Elements  of  Chemistry.  For 
some  time,  however,  the  use  of  the  symbolic  notation  met  with  considerable  oppo- 
sition in  this  country,  a  certain  number  of  chemists,  one  of  the  most  considerable 
of  whom  was  Bichard  Phillips,  objecting  to  the  system  as  a  whole;  while  in 
other  Quarters  olrjection  was  taken  to  the  use  of  mathematical  signs  in  a  sense  some- 
what aifferent  fh>m  that  which  they  bore  in  mathematics.  Dr.  W  he  well,  who  was 
one  of  the  most  strenuous  opponents  of  Berzelius's  notation  upon  this  ground,  en- 
deavoured to  replace  it  by  a  system  in  which  the  mathematical  meaning  of  the  signs 
VTM  more  closely  adhered  to.  But  whatever  may  have  been  the  merits  of  WheweU's 
notation,  it  was  so  far  from  corresponding  to  the  actual  requirements  of  chemical 
science,  fhat  it  never  came  into  use,  and  it  is  sufficient  here  to  have  referre<l  to  it. 

[For  particulars  of  the  controversy  above  alluded  to,  see  Whewell,  On  the  employ- 
ment  of  Notation  in  Chemistry^  Joura.  Roy.  Inst,  i,  347,  May  1831. — Prideaux,  Reply  to 
Whewell^  advocating  Berzeliue'a  System,  PhiL  Mag.  Ann.  N.  S.  x.  104,  Aug.  1831.— 


Warington,  On  Chemical  Symbols,  with  remarks  oc  Whewell's  paper,  Phil.  MMg. 
Joum.  i.  181. — Berzelius,  Reply  to  Whewell,  Jahresb.  xv.  201. — Whewell,  Reply  to 
Berzelius,  Phil.  Mag.  Joum.  iv.  9. — K.  Phillips,  On  the  use  of  Chemical  Symbols, 
ibid.  iii.  443 ;  iv.  246.— Prideaux,  Rerdics  to  Phillips,  ibid.  iv.  41  ;  464.— Graham,  Replies 
to  Phillips,  ibid.  iv.  106  ;  402. — ^Whewell's  system  of  notation  may  also  be  found  in 
Brande*s  Manual  of  Chemistry,  ^th  edit.  1841.] 

The  important  modifications  or  extensions  which  the  notation  of  chemistry  has 
received  smce  the  time  of  Berzelius,  are  not  numerous.  Among  the  most  valuable  we 
may  mention  the  introduction,  by  Gerhard  t,  of  "general  formulap,"  in  which  letters  of 
^rariable  value  are  used  as  coefficients  instead  of  numbers,  and  O  d  1  i  n  g*  s  method  of  de- 
noting the  atomicity  of  polyatomic  elements  and  radicles  by  means  oif  accents  plaeed 
above  their  symbols.    (Chem.  Soc  Qu.  J.  vii.  1.) 

The  consideration  of  the  quantitative  value  of  the  symbols  of  the  elements  does  not 
oome  within  the  scope  of  this  article,  and  has  moreover  been  fully  discussed  in  previous 
articles  to  which  we  must  refer  (Atomic  Weights,  i.  462 ;  EovrvALKirra,  u.  491 ; 
HsTALS,  Atohic  Wjughts  and  CuLSSiFicATioN  OF,  iii.  957).  The  varioiis  opinioos 
that  have  been  held  of  late  years  in  relation  to  this  subject,  have  however  introduced  a 
good  deal  of  confusion  into  chemical  notation,  and  have  caused  the  more  or  less  generd 
adoption  of  a  variety  of  expedients  for  avoiding  the  consequent  ambiguity.  Such  of 
these  as  are  employed  in  the  present  work  are  explained  below. 

It  now  only  remains  to  explain  the  rales  which  are  generally  followed  by  the  leading 
chemists  of  the  present  day  with  respect  to  chemi^  notation,  and  especially  thooe 


NOTATION. 


HI 


I  Arr^  atlopted  in  this  work.    The  symbols  employ fd  to  fvpresent  iitomi<>  profor- 

tiooi  of  th«  seffnl  vtemeDtaty  bodic>«,  form  the  InistB  of  thi§  notation,  A  tnhle  of 
th€M  sjrmbols^  and  of  their  mim^CAl  rattier,  h^  utr^udy  been  g;LT4^n  at  paees  464 
and  466  of  ToU  i. ;  we  may  thOTf^ife  ossatnc  that  th^y  are  knovu*  Ck^mpouiid  bodif!) 
arp  rppn»»ont©<l  by  th<*  juxt<iipo««ition  of  the  Byrabtib  of  tho  olemectiuy  ritoms  which 
enter  into  die  compoiition  of  one  molecule.  A  ttingle  atom  is  repre^^nti^  in  tfao 
formula  of  a  compound,  by  the  corresponding  symbol  without  iiny  addition  ;  two 
or  more  atoma  are  rvpre«ent<ed,  either  by  a  repetition  of  the  symbol,  or  by  placing 
after  it  a  email  numeniX  abore  or  below  the  Hoe.  For  exiimple,  the  formtda  CHNO 
refmaente  ejanic  add,  one  molecule  of  which  eontain^  oni*  atom  of  carbon,  one  atom  of 
hydfogpii,  one  atom  of  nitrogen,  and  one  atom  of  oxygen;  HflO,  or  H-O,  or  H,0^  re- 
fxreseiita  the  eompoiud  of  2  at,  hydrogen  with  1  at.  oxygen;  C^IPNMD^  repre- 
sents a  molecule  of  oxamide  containing  2  at  carbon,  4  at  hydrogen^  2  at.  nitrogen, 
and  2  at*  oxygeiu  Sometitnes  it  is  ftHijuired  to  represent  the  fact  that  in  some 
particular  reaction,  Of  set  of  peactiona,  c^rttin  atoms  of  a  compound  act  differ- 
ently from  the  remainder:  in  Buch  a  ca«e  the  synibols  of  the  atoms  in  qnestion 
are  usually  inclosed  within  brackets,  a  numeral  being  added  ontaide  when  ne^fu), 
which  then  multipUei  all  the  symbols  contained  between  the  bracket*.  For  instance, 
in  order  to  expre^^  that  in  monethylic  succtnate  the  group  of  atoms  CH^  beha\T9  in 
many  reactions  differently  from  the  reat,  the  furmuln  of  the  compound  may  be  written 
C*H»f  C»H*)0*,  instead  of  CTI'*0* ;  similarly,  diethylic  succinate  may  be  written  thus, 
C*H«(C«H*)»OV  instead  of  C"H**0\  If  for  any  reason  it  ia  desired  to  call  special 
atteotiou  to  oeitain  mabols  which  are  already  contained  within  brackets  together  with 
otheM,  this  may  be  oone  by  placing  a  vinculum  over  th^m,  or  by  pntthig  them  between 
rmmd  bfaeketa,  and  the  Luger  bracketed  group  of  which  tht^y  form  part  between 
square  brackets.  Thus,  suppose  we  want  to  write  the  formula  of  ethvlic  diehloracetste 
in  such  a  manner  as  to  ctdl  attention  at  once  to  the  particnlar  functions  of  the  grouiw 
constituting  the  radidee  ethyl  and  dichloracetyl,  and  to  the  fact  that  the  number  of 
chlorine  and  hydrogun -atoms  in  dichloracetyl  is  equal  to  Uie  number  of  hydrogen 
atoms  in  aieetyl— this  may  be  done  in  one  of  the  following  ways : 
(C'fl^'OXCH*)©,  or  [C*(Ha»)0](C'H*)0. 
Anotlier  method  of  pointing  out  the  relation  between  subs titntion  den ratiTCs  and  the 
correspcmding  normal  compounds,  is  to  place  the  symbobt  of  the  KubHtitut'mg  iitom^  at 
the  lame  part  of  the  formula  as  would  otherwise  have  been  occupied  by  the  symboU 
of  the  atoms  whose  place  they  hare  taken,  writing  them  when  n^edfal  above  or  below 

NO" 
the  linir.     For  example,  nitrobenzoic  acid  may  be  represented  thus,  C  trjO',  to  ex- 
press the  fact  that  the  atoms  NO*  have  taken  the  place  occupied  by  an  atom  of  hydro- 
gen in  the  normal  compound  C'H'O';  similarly^  dtbromo-triehloro-naphthiiletie  may  be 

Br« 
written  C'*C1*.    This  mode  of  arranging  BymboLs  in  a  formula  is  especially  used  to 

H« 
represent  the  constitution  of  bodies  which  may  be  coneeired  as  formed  by  the  substitu- 
tbtt  of  other  atoms  or  radicles  for  hydrogen  in  the  lypioftl  compounds  HC1»  HH),  H'N, 

&c. ;  t.  g,  ethylic  acetate  when  compared  to  the  type  H*0  is  often  written    fnstjif)*^  o^r 

fra%rt  \  O ;  nmilady  diethylamine,  when  compared  to  the  type  H'N,  ia  often  written  C^H^N 
'  H 


(CH')'„  „  (C^Vi 


'  N  or  ^'^  g  '  In,  &C.     In  order  to  £»ctlitate  comparison,  the  formulae  of  the 


H 


H 


O  or 


5|o. 


primitiTC  types  are  often  written  in  the  lame  manner ;  as  water 

H  Hi  . 

nia  HN  or  H  >N*    The  use  of  a  braee  (  in  such  formula  bos  no  other  object  than  to 

H  H)  * 

indieato  a  little  more  clearly  the  exact  relative  positions  of  the  symbohi,  and  thereby 
the  vopposed  order  of  combination  of  the  atoms  they  represent. 

In  oraer  to  represent  chemical  changes  by  means  of  symbols,  the  formula!  of  the  re- 
acting bodies  are  written  on  one  side  of  an  equation,  and  the  formulie  of  the  products 
on  the  other,  the  several  terms  on  each  eide  being  separated  by  the  sign  ^ ,  as— 

NKO*     +     SH«0*     ^     NHO»     +     SHKO*; 
or,  if  it  IS  dedred  to  direct  special  attention  to  some  one  product^  this  ia  placed  alone 
on  one  side  of  the  equation,  as 

NHO*     +     KHO     -     H*0     -     NKO-. 
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With  rf'gard  to  tli«  mining  of  the  nlgubmic  iiiguB  ^ ,  +  mid  —  in  dicmical  equaUc»n«v 
it  miuit  be  obienred  tlutt  Ibe  nan  =  expr««w«  merely  t^uidity  in  weight;  the  sign  -t- , 
thiit  two  flubfttiwcoe  between  woose  formula  it  i«  placed  are  rmxid  t4)qtther ;  mid  the  ngn 
>^,  the  separation  orremovai  from  each  other  of  two  aubtftanoeo.  Soinetiinet  howerer 
we  meet  with  the  aign  +  u^ed  to  deuot^e  combinution ;  bat  tuch  an  employment  of  it  ii 
apt  to  lead  to  great  confuaioa  and  ought  always  to  he  avoided. 

If  two  or  more  moleciiles  take  part  in  or  reeult  from  a  reaction,,  the  nnmbef  of  mole- 
cnlea  ia  expreased  by  a  full-sized  numeral  preceding  the  formula  of  the  aubatajice  in 
queation :  thnji  when  chlorine  is  prepared  by  heating  a  mixtiire  of  chloride  of  aodiunit 
manganic  dioxide,  and  sulphuric  acid,  the  reactioQ  taie»  plikce  between  two  molecuka 
<if  the  chloride,  one  molecule  of  the  oxide,  and  two  molecules  of  the  acid,  and  ia  ooo- 
ae^uently  repreaented  by  an  equation  tbns — 

SUaCl  +  Mn»0»  +  2H«S0*  ^  Na^SO*   +  Mn'SO'   >   2W0  +   CIK 

The  manner  in  which  the  large  and  amall  unmerali  are  employed  in  chemical  fbnnolie 
will  be  cattily  uiidenttood,  if  it  is  borne  in  mind  that  the  us**  of  the  former  ia  to  mnlti* 
ply  the  formulae  of  molecules,  while  that  of  the  latter  h  to  multiply  thesymbola  of  atotne, 
or  the  formuhc  of  radicle*  behaving  like  atom*.  Sometimes  these  coemcicnti  are  inter- 
changed, but  this  isalwity»  incorrect,  ait  their  true  meuning  is  quite  distinct /for  instance 
the  formula C*H* cannot  have  the  same  m  paniug  as  20^11^;  similarly  two  molecules  of  water 
ought  alwayH  to  he  written  2H='0,  not  II '0^  which  would,  strictly  epefiking,  be  the  fbrm- 
ula  of  a  compotmd  one  molcule  of  which  contained  four  atoms  of  hvdrogeti  and  twpatoav* 
of  oxygen.  A  aimilar  remark  appliea  to  small  numerals  employoa  to  multiply  a  group  of 
aymbo^  inclosed  within  brackets  :  e.g.  ( C^H*0)*  should  not  bo  written  (C*H'0*)  nor  tice 
vergd.  When  the  formula  to  be  multiplied  by  prefixing  a  large  numerAl  is  already  broken 
up,  by  fiome  of  the  sjinboU  being  contained  within  bracket^  or  otherwijpe,  it  is  well,  in 
order  to  avoid  possible  misconception,  to  inclose  the  whole  formula  again  in  brsd[ett, 
putting  the  numeral  outside.  Thus,  if  tlie  formula  of  two  mohR'ule«  of  ulcohoJ  were  wnt- 
ten  2(0'H*)H0,  tb«^  2  might  be  supposed  to  multiply  onl^  the  symbols  betweeij  tlu» 
brackets:  to  avoid  any  iimbi|;uity  it  would  be  better  to  write  2[(C'H*)H0]. 

Sometimes  the  symbok  mukiog  up  the  forraula  of  a  single  molecule  are  «?eparated  by 
a  jwiWiC,  aH  Na'StJM0H*O.  The  proper  m^nniDg  of  this  sign  is  to  denote  thut  if  the 
atoms  repreaented  by  the  symbols  on  either  aide  of  it  are  removed,  on^  or  more  com- 
plete molecules  will  «till  be  left.  When  a  numerical  coefficient  is  prefixed  to  auch  a 
fommla,  its  multipl)Hiig  power  extendn  only  lo  th*)  symiiols  preceding  the  point:  thus 
the  formula  2KCLSbCl'  is  not  equivalent  to  2(KCLSbCl»).  men  the  numeral  ia  in- 
tended to  apply  to  the  whole  forrnul^.^  this  should  always  be  phiced  wit  bio  brack«la# 

In  the  tippliw^ation  of  chemical  fomiuhe  to  mineralogy,  it  h  often  needful  to  be  aM« 
to  represeut  the  general  compostiion  of  a  mineral,  the  composition  of  pHrticulAr  apMJ* 
mens  of  whieh  mny  vary  coiisidenibly,  in  consequ/'nce  of  the  more  or  loss  com^vto 
replacf  ment  of  one  constituent  t*y  one  or  more  others,  isomorphons  with  it.  Thus 
the  formula  of  norm  si  orthoclsse  or  potash-feUpar  is  KAl'Sii*0",  but  the  compodtion 
of  the  mineral  often  differs  considerably  from  that  represented  by  this  formula,  the 
potassium  being  partially  repUced  by  an  equivalent  quantity  of  K>dium,  magn4*fitum, 
or  calcium,  and  the  aluminium  partially  replaced  by  iron.  This  variability  of  oompo- 
irition  is  expressed  by  writing  the  formula  thus  : 

(K;  Na;  Mg;  CaXAl;  Fe)'Si«0», 

which  signifies  that  each  molecule  contains  a  quantity  of  potassinm,  sodium,  iDagnenuai^, 
and  calcium  which  is  togethf'r  equivalf^nt  to  one  atom  uf  potussiuui!^  and  a  quantity  of 
alumimum  and  iron  which  is  altogether  equivalent  to  two  atoms  of  aluminium. 

The  crymbols  given  in  the  tablu  ab?f^ady  referred  to  (L  464,  466 )  represent  in  nearfy 
all  caeea  the  atomic  wcightu  adopted  by  Grerbardt;  but  in  addition  to  these,  otlier 
BCfdes  of  atomic  weights  are  in  use  which  it  is  oflen  needful  to  distinguish  by  the  eoj- 
ployment  pf  diftt^rent  syinbok.  In  the  first  place,  there  ia  the  acalc  adopted  io 
'*•  Gmelin's  Handbook  of  Chemistry,**  and  some  years  ago  almost  univeraally  emplfiyi^ 
ID  this  country  :  when  formulce  founded  upon  this  scale  are  need  in  this  work,  they  art 
distinguished  by  being  printed  in  italics.  Sec<jnd1y,  in  order  to  denote  atomic  woi^bita 
twice  as  great  as  those  assumed  by  Gerhardt,  the  ordinary  symbol  is  dianged  by  the 
reduplication  of  its  first  consonant,  as  Ppb,  Ffe^  All,  &;e,  or  a  horizontAlstitJce  is  drawn 
through  it,  as  Pb^  Fe,  iH,  frc.  These  modes  of  noUitioD  are  not  employed  preciyely  ia 
thf  same  way  by  all  chemistjs,  but  as  special  methods  are  seldom  saopted  without  the 
necessary  f>xpIanations  being  given  at  the  same  time,  we  nr^ed  not  enter  into  further 
detail.  It  is  greatly  to  bo  desired  that  all  chemists  should  agree  in  refunding  the 
modified  notations  now  in  use,  as  merely  temporary  expedient«,  and  that  they  should  aim 
at  returning  m  soon  as  practicable  to  the  imifonn  and  sole  use  of  the  symbols  originally 
proposed  by  Berzelitw. 

G.  C,  F. 
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MOTITB.     Palagonile  ^m  Val  do  Noto. 

WCCXMm  A  stibtftaiioe  contained  m  gTe«n  w&lnut*«belli.  It  h  pivpafed  bj  mixing 
the  ethii^ad  extract  of  thiq  ahells  with  a  perfectly  Dcufnil  fiolution  of  capric  sulphitt«  tdl 
it  aaiuniffs  a  pure  blood -red  colour;  then  decautiog  and  filtfijicg^  aod  cautiouslj 
adding  mtric  arid  ( avoid iue  an  excMs)  till  th«  red  colour  changes  to  blue-green.  Tho 
Dudn  ui  tbOTebjT  aet  frm^  and  by  diaeolTing  it  in  dther  and  eraporatmg  orer  oil  of  vitriol, 
may  be  obtaiscd  in  the  form  of  a  y«Uow  powder  oompoaad  of  microfloopic  needles.  It 
ia  inftolaUe  in  water,  sparingly  ecJnble  in  alcohol*  Bublimea  at  a  little  aboTe  100°  (or 
aocordiog  to  lat«r  experimeiiU,  aomewbat  below  SK>^)^  in  reddish- jellow  needle§.  Am- 
monia, fixed  idkAlia,  and  ealto  haTingan  alkaline  reaction,  impart  to  it  a  splendid  red 
eolour.  The  red  ammoniacal  solution  mixed  with  hydrochloric  add  deposilA  a  brown- 
rad  flocculent  precipitate,  soluble  with  red  colour  in  ammonia.  Nucin  is  free  from  nitro- 
gen«  b nt  its  exact  eompoaitioii  has  not  been  determined  ( Y o g o  1  and  Eeischauer, 
Jahrei^K  18M,  pw  69S;  1858,  p.  ^33.) 

The  name  Mtctn  has  alao  been  applied  to  a  brown  resinous  substance  found  by 
BrandcH  tn  the  hard  shell  of  the  cocoa-nut. 


\ 


A  namA  applied,  sometimes  to  the  albuminous  constituent  of  the 
cr}'BtAlline  \fna  {HandworterhucK,  T,  62 S).  sometimes  to  the  subaUioce  fonoing  the 
nuclf  UJ9  of  the  btood>cella.     i^Lrhmann*B  Physiologictd  Chtmittry,  ii«  186.) 

MUCJaVCTS  TSSOST.  Thtorie  de9  ifoyaiijt.  Kfmihsorig. — A  theory  of  the 
oonirtitatioo  of  orgunic  compounds,  derised  by  Laurent  (Ann.  Ch.  Phys.  [21  IxK 
i$A\  and  adoptM.  with  some  modifications,  by  Leopold  Gmelin  in  his  *'Hiinabook 
Hf  CSheniistry,**  (English  edition,  toL  "rii  p.  18).  It  supposes  all  organic  compounds 
"to  be  formed  from  certsin  hydrticarbona  eontaimnp  even  numbers  of  enrbon  and 
hydropen-aloraa,*  r,  ff.  Ethylene  C*H*,  Amyh*ne  C'^H**,  Benzene  Om',  Nnphtha- 
lene  C^HV  These  are  called  Primary  Nuclei  ;  and  from  them  are  farmed 
Seeondary  Nuclei  by  substitution  of  chlorine,  bromine,  oxygpu^  sulphur,  nitiyl 
(NO*)»amtdogen  (NH^),  &;c.  for  equiralent quantities  of  hydrogen,  r.y.  from  naphthalene 
the  aMondary  nudei,  C«H»0,  C^H*Br^,  C*H*C1\  C*H'(NO*)*,  &c,  &c.  Farther,  both 
prtiiift?7tDd  secondary  nvclei  are  capable  of  attaching  to  themselres  externally,  as  it  were, 
rertain  atoms  or  lerroups  of  atoms,  always  in  even  numbers,  thereby  producing  uli^ohob, 
cthen,  ieid^i,  alkHloitls,  &c,,  &c.  Thus  ethylene,  C'M\  by  addition  of  the  group  HO, 
prodtieei  ether.  C*HMIO  *  C*RH}  ■  with  H«0*  it  forms  alcohol,  C*H*.H«0^  .=  C*H'0' ; 
with  0^  aldehyde ;  with  0*,  acetic  acid,  ice. ;  again,  from  the  secondary  nucleus  diox* 
etbvlene.  C*H'0*.  is  formed  oxalic  acid,  0*H*0^.0*  ^  C*H*0*;  trichiorethylenp,C*Cl'H, 
witK  0»  forms  chbml.  C*Cl'H.O« ;— amidethylene.  C«(NH»)H*  or  C*AdH>,  yiekia 
acetaroide,  CUdH»,0«  =   C*H»NO»  and  ethykmine,  C'AdHlH^   ^  C*H*N,  &c 

I>«5tly,  the  compounds  thus  fonnod  are  capable  of  uniting  with  others  both  or^giinlo 
and  inomnic,  forming  what  are  called  ooi\]UgHtod  compoonds,  induding  the  so-called 
compound  ethers,  conjugated  actda,  &c. 

Thus,  in  the  ethylene  senes,  we  have  neutral  ethyljc  phosphate, 3C*H*0.P0*;  ethylie 
bibomte,  C^H*0.2BO*  ;  ethyl-sulphuric  add.  C«H«0».28O»;  xanthic  acid,  C*H'0'.2CS'; 
bichlorocarbonic  ether,  C*Cl=H*<>,CO* ;  perchloro- carbonic  ether,  C*C1*0.CD= ;  tetchlor- 
cthrlic  acetate,  C*Cl'H'O.C'R*CH  ;  carbamic  ether  or  nrethane,  C*AdH*.2C0* ;  Uurine, 
C*AdH*  280*,  &c. 

As  a  further  illustration,  we  gtTe  the  estin  serici  of  compounda  derived  tt(>m 
amylene,  C«H'«  {Handbook,  voL  i,) ; 


Amylene,  C'^H** 
Amylic  Hydride,  C"H»*.H* 
Amylic  Ether,  C'*H**.HO 
Amylic  Aleohoi  C**H«  HK)» 
Valaialdide,  C"H",0» 
Vikmnic  add,  C"H".0* 


pKlltaXT  NiKILBIJt,   0*Hi*. 

Amylic  Sulphide,  C'»H^».HS 
Amylic  Hercaptan.  C'*H'».HV 
Amylic  Iodide.  C'»H'*.H1 
Amylic  Bromide,  e"H".HEp 

AmvHc  Chloride,  C"H'*  HCl 
Telluiumyl,  C'H^^.HTe 


Confttgaisd  Ckmpounda  of  ike  PHmafy  Nudtat,  C*»H", 

Amylic  Carbonate         .  .  0**H"00"  -  C'*H"O.CO« 

Tribaaic  Amylic  Borate  .  C*^"BO*  «.  3C'*H"O.BO» 

Anglic  Biborate  .  .  C»*H»'B*0»  *  C"H"0.2B0* 

Amylic  Fboaphite        .  .  C*H»PO*  »  2C'»H*'O.PH0« 

Amylophosphototts  add  .  C'»H»"PO*  *  C*»H"01PH0» 

*  The  timboU  nwd  in  this  srtklB  tiavt  the  lanift  valiisf  «•  lo  Gmelia'*  Hudbook ;  H  -. 
O  B  «« li  »  10,  Ac. 
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Cof^vgated  CompotmdM  (eonUnued), 


Amylophoirpliorie  acid 

AmyloBulphorouB  add 

Amylosulphnrie  acid 

Amjrlxanthic  acid 

MemTlamylic  (h^snlphoearbonate 

Ethjrl-am^lie  Oxysulphocarbonata 

Amjrlic  Diozysolphocarbonate 

Amylic  Nitrite 

Amylic  Nitrate 

Bibasic  Silicate  of  Amyl 

Amylic  Formate 

Amylic  Chloroformate 

Methylic  Valerate 

Amync  Cyanide 

Amylic  Sulpho^yanide 

Amylic  Acetate 

Amylic  Chloracetat* 

Ethylic  Valerate 

Amylic  Oxalate  • 

Amylozalic  add 

MoDovalerin 

Bivalerin    . 

TriTalerin  . 

Valerone     • 

Valeracetone 

Amylomalic  add 

Amylic  Valerate 


C>*H««S«0« 

C»«H»K)«S* 
C"H'«0«S« 
C»«BP«0«S« 

C'«H»»NO« 
C"H"NO« 
C«H««iO« 

0'«H"C10« 

C'«NH'» 

0'«NH"S« 

C>*H»*0« 

C»<C1*E'K)« 

C"H"0* 

C»«H'«0» 

C»H»<0>» 

C*H«0»« 

C»«H>»0« 

C"H»K)« 

C"H»«0»« 

C»H»0* 


C'*H»*0*.PHO« 
C»H»«0«.2S0« 
C»*H»«0«2S0» 
C>*H«H)«.2CS«0 


C>»H"(C«H» 

C»»H»(C*H»* 

C«»H« 

C'»H"O.NO« 

C"H"OJJO» 

2C"H''O.SiO« 

C»»H"O.C*HO» 

C»«H«»0(X!10» 

C«H«O.C'*H»0» 

C»»H".C»NH 

C^ff^.C^NHS* 

C>»H"O.C*HH>» 

C>«H"O.C*a*HO» 

C*HH).C'»H»0« 

2C'»H"0.C«0« 

C««H»«0«.(X)« 

C«H»0«.C'»HH)« 

C-H»0«.(C»H«On« 

Cra"0«.(CwHH>«J« 

C"H'»0«.C«H« 

C'»H'K)«.C»H«0" 
C"H"O.C>«H»0« 
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Oxygen^udeuM,  C"H»0. 
Valerianic  anhydride   -  C>»H»0.0« 

Oxygen-ftueletu,  C»»H»0«. 
Pyrotartaric  add  -  C»»H«0«.0« 

Oxygm-^nteieus,  0"H«0*. 
Pyrotartaric  anhydride,  U»»H«0*.0« 


Cklorine-nucleut,  C>*C1'H^ 
Trichlopovalerianic  add,  C'HDl'H'.O* 

Cklonne^ueleut,  C*«C1«H«. 
TetrachloroYalerianic  add,  C*«C1*H*.0* 


AmidogetMiudem,  Ci*(NH*)H*  «  C^^AdH*. 


Amylamine 
Diamylamine     . 
Methyl-ethyl-amylamine 
Biethyl-am^lamine    . 
Triamvlamine   . 
Ifothvl-diethvl-amylamme 
Triethyl-amyiamine  • 
Tetramylamine . 
Valeramide        • 
Amylurethane   •        • 
Qzam^lane        .        • 
Sincaline  • 
Xanthamylamida       • 


C'«NH»» 
C«WH« 
C»«NH» 
C»«NH« 
C"NH" 
C"NH» 
C««NH» 
C«*NH« 
C>»NH"0«     . 
C»«NH>«0«     : 
0»<NH'«0«    . 
C»»NH»K)«    . 
C»«NH»"S«0«  » 


C"Adfl».H« 

C»»Ad(C'»H'»)H».H« 

C»«Ad(C«H«XC*H»)H».H» 

C'»Ad(OH»)«H'.H« 

0'»Ad(C'«H"yH'.H« 

C'»Ad(C«H'XOH»)*H«H« 

C'*Ad(C*H»)»H«^« 

C'»Ad(C»»H'»)«H«ja« 

C»«AdH».0* 

C'«AdH".2C0« 

C'»AdH".C*0« 

C"AdH".0» 

C»AdH".C8«.C0«. 


Anudogm-^veleus,  C>*Ad'HK)«. 
Inodc  add,  C'»N«HH)»  «  C«»Ad»HK)«.0* 


Agc^udeus,  C»«NBD». 
Valeronitrile,  C'»NH» 


Amylene 

Valeryl-nrea 

Amyl-piperidine 


Cof^ugaUd  Compounds, 

.    C"N«H>*0«     -     C»«H".C«N«HH>« 
.    C»*N«H>«0*     -     C'»HH)«.C«N«HH)« 
'.    C«*NH«  -     C»«H>».CWAdH» 


The  nucleus  theory  has  not  been  adopted  in  any  other  srstematic  work  on  Orgune 
Chemistry,  and  it  is  perhaps  unfortunate  that  Gmeliu  should  hare  made  it  the  basiaol 
his  arrangement  of  organic  compounds ;  for  it  is  entirely  artificial,  often  bringing  into 
close  proximity  compounds  which  have  little  or  no  natural  relation  to  odo  another, 
and  has  movtorer  the  radical  defect  of  re^  resenting  organic  compounds  as  a  diM  of 
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f  l»od]M  quite  dttliiiet  from  intag^ie  compoaodA,  &  distiiictioii  which  fMent  inveiitigi^ 

I  tioiM  hsTe  flhown  u>  hftve  do  exutonce  in  asturo.     Still  aa  an  artifictAl  8y»t<iiii  jt  ig 

I  perhftpt  AS  eoDvejiicnt  ob  anj  others  and  ooAblm  ub  with  fnoilitj  to  arruige  ^ad  cla^idfy 

p  Betf Ij  ill  organic  bodies  who»?  oomposition  hna  br^n  w<'U  nuide  oat,  as  majr  be  fteea 

I  by  T«feraiiee  to  the  preceding  tablp,  and  fwrth^r  to  thi^  TubK^  of  Contents  of  the  several 

[  Wmiiea  of  Omdui's  Handbook  relating  to  orgiinic  ohemistpy  (toU.  vii.-xn.),     Tb« 

[  Dbjectioii  aamn^imm  urged  ngainfit  it  that  tbf  number  of  enrboo-atx^ms  in  a  compound 

P  mnat  be  knovn  befbre  its  placo  in  the  system  can  be  determined,  is  not  of  mneh  forc«; 

for  no  ijitem  that  coold  be  den&ed  would  en n hie  an  enquirer  to  find  the  pUce  of  anj 

giren  oomponnd  in  it  without  knowing  ^mething  about  its  constitution.    A  more 

*  aeriowi  ohjection  to  th«  ^atem  in  that  many  cornpounda  easnol  be  armnged  under  it 

at  ull.     Such  compounds  are  plaoed  in  the  H^idbook  «a  Appeodicta  to  tne  gronpa  to 

I  which  they  appear  Co  have  the  ektt^at  aifinity.     Tbus^  under  the  head  of  compounds 

eontaintng  32  carboo-atoma,  linaeed-oil  and  other  diying  oils  are  placed  in  an  appen* 

I  dix  to  Ltnoleic  acid;  fiah-oilflaa an  appendix  to  Physetoleic  add ;  and  the  solid  natural 

rlhta,  as  an  appendix  to  the  Cetjlene  series  in  generaL     This  defect,  howerer,  is  not 

I  pncnliar  tJ?  the  nucleoa-theory :  indeed  in  elassifjing  compounds  according  to  the  radida* 

theory,  we  meet  with  at  leaot  an  eonal  nomber  of  componnds  which  at  present  appear 

intractabl**:  in  Oerhatdt*!  TVos'll  a*  CkhnU  orffonimUf  for  ex^mple^  which  U  Hrninged 

according  to  that  theory,  about  a  fourth  of  the  entire  apace  ia  taken  up  with  the  de«* 

cription  of  "  Corps  a  sorier.*' 

WUMBBBS,  J^AVr  OF   SVW*     See  CiASSlFlcaTiON  (i.  1011). 

ircrSAZBmiTS*  An  impure  pjromorphite  containing  anenate  of  lead,  from 
Nu.*wiA^^  Dep.  of  Rhone,  France. 

WTBV  OZ&S.  Hazel -nuts,  the  seed  of  Coryluj  AveHofia,  yield  60  per  cent  of  a 
colourh^s  or  pale  jellow  oii  hdTing  a  sweet  taste,  and  a  specific  grarity  of  0  9242  at  16**. 
It  M»lidifte8  at  —10°  The  cold-preaaed  oil  waa  found  by  Lefort  to'  contain  76  ed— 
7715  per  cent  carbon,  11-16—11-73  hydrogen  and  ll'SQ— 11*12  oxygen.  It  forma 
with  thiorine  a  colourless  compound  rather  thicker  than  the  oil  itaelf,  of  specifle 
gravity  1  081  at  Sd'^,  and  containing  31 KXS — 20*25  per  cent  chlorine.  The  braminattd 
oil  is  yellowifih,  of  the  same  couiistence  aa  the  chlorine>com pound,  of  specific  grmvity 
l'280*at  2*3^,  and  containing  from  3636  to  Sfl*68  perc*'nt.  bromine, 

Walnut'oil  from  the  kernel  otJunlant  rtyia^  commonly  called  nui  o«2,  is  groeniali 
when  newly  prepared,  but  becomes  pale^yellow  b^  keeping.  Specific  grarity  0'9!263  at 
12*^,  0-9194  at  25^  and  Gh871  at  94**.  It  ia  ioodorooa  and  has  an  agreeable  taste.  It 
thickens  at  — 15^  and  solidifies  to  a  white  mass  at  '27*^^  (f^a assure).  It  dries  more 
quickly  than  lintteed'oili  and  is  thertvfore  much  ui«ed  in  painting* 

It  contains,  acconling  to  Lefort,  70*7  per  ccoL  carbon,  11 '«^  hydrogen,  and  17  8 
o^gen.  Forms  a  sod  soap  with  potash.  Walnuts  yield  aa  much  as  dO  per  cent,  of 
this  oiL 

Chlorine  conrerts  walnnt-oil  into  a  light  yellow  butter  of  the  consistence  of  thick 
honey:  apecific  gravity  rill  at  12^,  and  containing  27 '12 — 27*25  per  cent^  chlorine. 
The  iromiiutUd  oil  baa  the  same  consistence,  a  specific  grartty  of  1*409  at  IJ'SP,  and 
I'^ontaina  46'84 — 4675  per  cent  bromine.     (Qerh.  ii.  898.) 

II DVMBO  OUtB*  Nutmegs,  the  seed  of  Myrisdca  aromatica  (or  M.  mogchataX 
jield  by  dij^lillutiioii  ^frilh  water,  about  6  per  cent,  of  a  transparent,  nearly  colourleaa, 
Siobile,  volatile  oil  of  specific  gravity  0948  (Lewis),  0^920  (Bley),  haviiig  the  odour 
«if  nutraegp  and  an  aronmtic  burning  taste.  It  contains  8 11  percent  carbon,  108 
}iTdrogen,  and  8  0  oxygen,  and  is  a  mixture  of  an  oil  and  a  camphor.     It  diasolTes  in 

!oh(3  and  forms  a  soapy  maaa  with  alkalis. 

The  oil  when  left  to  stand  deposits  a  camphor  or  stearoptene  called  myristicin, 
irhich  diasolTea  easily  in  boiling  water  and  erystallises  therefrom  on  cooling  in  trana- 
parent  colourless^  long,  very  thin  prisms  with  dihedral  summits,  or  by  rapid  crystsJlia- 
ation  in  stellate  groups  of  needles.  It  dissolves  also  in  cold  nitric  acid  and  in  aqueous 
potash,  easily  in  alcohol  and  eth<*r,  and  in  warm  oik,  both  fixed  and  7olatili>.  Contains 
62*1  per  cent  carbon,  106  hydrogen,  and  273  oxyge'n(Mulder),  agreeing  nearly  with 
fhf*  formula  C'*H**0*.  It  melts  above  100°,  and  sublimes  complr tely  at  a  higher 
temperature  in  white  very  slender  needles.  It  absorbs  ll'S  per  cent,  hydrochloric  acid 
gas,  melting  to  a  transparent  masa,  the  aqueous  solution  of  which  is  precipitated  by 
nitrtie  of  ^ver.    (Gm.  zri.  391.) 

The  volatile  oil  obtained  from  mace  or  the  anllus  of  nutmeg,  and  the  fixed  oU  or 
butter  called  my  rist  in,  expressed  from  the  seeds,  have  been  idrcudy  described  (iti.  740 
and  1073). 

II  UTJUTIOWt  AWttiMAX§m    The  word  '*  nutrition  **  as  applied  to  animals  is 
tmployed  by  physiologiata  in  two  somewhat  different  f<en^e<i.     They  otteu  Ubfi  it  in 
Vol,  IV.  L 
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speaking  of  tbe  roorpWlogienl  Uws  according  to  which  tho  parts  of  on  ojumal 
or  iDcreaM  relatirely  to  the  whole  majaft  of  tlii3  auimsl  oud  thereby  bring  about         _  ^ 
in  fonn.     It  ia  mast  commonly  used  (and  only  so  h^e)  to  denote,  irrespet'tivf  of  fomv 
th«  sum  tolalof  the  prooeases  through  which  the  aaimal  body  inbuilt  up  and  sui^tiiined,, 
both  as  to  it«  matmal  aod  a«  to  ita  forces,  by  that  fraction  of  tbe  ext«ruul  world  whii  * 
it  iakeB  into  itself  from  lime  to  time  under  the  name  of  "  food/'      Every  aniniAl  oo 
imBally  fiels  free  from  itself  during  ita  lifetime  a  cert^uu  amount  of  material  and 
CNtain  amount  of  force;  and  the  [hvh  of  natritioD  mean  the  lawn  accxjrding  to  whii 
tbat  loea  is  continually  replcnitdied  from  the  firvt  moment  of  the  animars  exiat^nee  tf' 
ita  final  dissolution.     The  necessitj  of  aacb  a  conLinual  waste  and  renewal,  tliough 
problem  of  great  obacurity,  bo  long  as  the  older  theoriea  of  vital  action  wep&  bftlio^ 
in,  becomes  clear  when  the  facta  are  atudied  m  the  light  of  the  theory  of  the  conse] 
Hon  of  totem.     While  the  waste  of  material  in  any  vital  action  was  supposed  lo 
caused  i^  the  vital  act—while^  for  instance,  the  waste  of  muscular  substance  in  mua 
lar  contraction,  was  supposed  to  be  caused  by  the  play  in  the  moscnlar  fibre  of  somttl 
immaterial  thing  called  vital  force — it  was  difficult  to  connect  stringently  together  th«^ 
work  and  waste  as  cause  and  effect^  and  to  show  why  the  action  of  the  immaterial 
principle  should  necessitate  the  d^'struction  of  the  material  substance.     The  difficulty 
howcrer  vanishes  as  soon  as  we  lay  aside  the  idea  uf  any  particular  vital  force  or  forces, 
and  regard  tlis  force  exerted  by  an  animal  apon  tbe  urorld  outside  it,  as  having  been 
previously  stored  up  within  the  tissues  of  the  body  ns  ktent  energy,  and  as  being  set 
free  in  various  forms  of  actual  energy  by  their  decomposition.   From  tb  is  point  of  vieWp] 
the  force  becomes  the  result,  not  the  cause,  of  the  waste  ;  and  a  renewid  of  tbe  body  ' 
necsssftiy*  not  in  order  that  tbe  vital  force  mav  have  new  material  through  which 
play,  b^t  because  fresh  latent  energy  embodied  in  new  material  is  from  time  to  tii 
wanted  for  the  production  of  actual  force.    An  animal  may  thus  be  considered  aa  con- 
sistiDg,  at  any  epoch,  of  a  certain  amount  of  force  osaociated  as  latetit  cuejigy  with  a 
eeitain  amount  of  material.     Bimu^  life  tbe  force  is  being  separated  from  the  material 
and  set  free,  msnifested,  expended  m  the  variouK  forms  of  vita!  force,  and  the  mrvterial 
thu^  deprived  of  its  force,  is  being  cast  out  as  useless.     This  necessitates  that  there 
should  be  continually  passing  into  the  body  a  certain  amount  of  force  and  a  certain 
amount  of  materia^  w  associated  together  that  they  ore  capable  either  of  being 
divorced  at  once  within  the  economyt  and  the  actual  energy  liberated,  as  one  or  mcfre 
of  the  so-called  vital  forces,  or  of  becoming  part  aud  parcel  of  the  stock  of  force  and 
material  representf^  by  the  body,  re^iy  whan  occaaion  demands  to  be  aimilodly 
disposed  of.     Thus  thi^re   ore  three   things  to  be  considered:  the  total  income 
material  pius  force  ;  the  force  expended  or  work  done,  that  is  to  say  the  sum  of 
vital  actions  of  the  economy;  and  the  waste  or  material  minus  the  expended  fc 
The  condition  of  the  organism  at  any  given  time  will  depend  on  the  relation  whid 
these  factors  then  bear  to  each  other.     ThuA  in  early  life,  the  income  exceeds  the 
penditnre  of  force  and  therefore  also  the  waste  of  nuiterial ;  consequently  the  ori 
gains  both  in  force  and  material      After  a  certain  age,  however,  the  income  within 
given  period  is,  neglecting  temporary  variations,  sufficient,  but  only  sufficient,  to  < 
the  expenditure :  consecjuently  the  body  neither  gains  nor  loses  either  in  force  or  1 
ferial,  but  remains  in  a  condition  of  equilibrium.     The  season  then  follows  in  whid 
the  real  income  is  less  than  the  expenditure^  and  the  body  becomes  a  loser.     W©  migb 
theoreticullv  imacine  llils  loss  to  continue  until  the  organism  had  dwindled  dowa  1 
i\n  primeVDl  nothingness ;  but  in  reality,  a  more  or  less  violent  diamption  of  the  Titu 
machinery,  called  death,  takes  place  before  any  great  diminution  can  occur.     Tbe  dead 
body  then  r^xresents  a  certain  amount  of  force  and  materiid  rendy  to  be  disjoined  and 
dissipated  in  ways  that  ore  not  vital  through  the  eo-called  putrt^faetive  dccompoeiti<r 
These  relations  of  the  factors  to  each  other  during  the  seTcral  phases  of  a  lifetime  ai 
imitated  in  the  temporary  variations  that  occur  from  day  to  day  or  year  to  year. 

In  considoring  the  income  gt  ingcHa,  we  find  thaty  although  an  animal  receives  imi 
quantities  of  actwil  energy  in  the  shape  of  heat,  eh^ctricit v,^  motion,  &c.,  these  are  i 
insignificant  that  they  may  be  disregarded  when  compared  with  the  other  soiiro«a  < 
force.     Erery  animal  takes  into  itself  fi'ora  time  to  time  a  certain  amount  of 
number  of  substances,  including  a  certmu  quantity  of  oxygi^n.     These  snbstanoes  i 
present,  in  the  prospect  of  their  chemical  union,  ii  C4^rtain  amount  of  latent  ener^l 
{Spannkruft)  \  it  is  their  latent  energy  which  forms  almost  entirely  the  source  of  thil 
actnal  energy  of  the  organism.     Since  the  particular  chemical  union  thivragh  which 
the  latent  energy  of  the&e  substances  becomes  liberated  as  actual  energy,  is  clueAy  ons 
of  oxidation,  we  are  enabled  to  state  that  the  income  of  force  for  animals  is  the  force 
derived  from  the  oxidation  by  the  oxygi^n  of  respinstion  of  the  oxidisable  bodies  taken 
as  food. 

The  iforoe  expended,  or  effectual,  of  the  animal  assumes  various  forms.     A  ceftoin 
portion  becomes,  tmd  issues  as,  heat.     AnoUacr  quantity   is  represented  by  mnaculv 
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eontnction,  put  of  which  it  ooncemed  in  Tifleoral  moTenenU,  while  the  root  rainlta 
in  loooiQotioii  Asd  oCh«r  maebiuikri  «liboti.  A  third  quantity  in  called  nervoiUf 
or  cenibnl,  or  ■ometiniM  mental  Ibfoe.  A  fburth  U  occupied  with  growth  and  the 
pi«MrTmtio&  of  form*  The  remBonder  has  to  do  with  the  chemical  tranefbrma- 
Hofu  and  daboratioDa  which  are  neoesaary  bt<fore  the  hmte  Ibod  ia  in  a  proper  state 
to  be  ooDmmed  in  Tital  action.  A  part  of  the  total  income  is  expended  in  raising  the 
nat  of  the  inmted  materia),  with  iti  Ifttent  energy,  to  a  higher  lerel  of  concent  m Hon 
and  adapiabifitj  for  oonreraion^  in  ehangiikg.  as  it  ia  said*  the  dead  meat  and  ve^^^table 
robstance  into  li>ing  fleoh  and  blood  through  the  pfocceaca  of  digestioD,  asttimilatioa, 
Ac.  Thifl  may  be  called,  par  excfll^nce,  nntritivc  work ;  it  correaponda  ako  to  the 
force  Ruppoeed  by  some  wriura  to  be  required  by  living  material  in  order  to  reuist 
ordinary  chemicid  and  pLjbicul  cUangpa. 

The  waste  or  effetts  may  be  briefly  deacribcd  aa  consisting  of  carbonie  add,  water 
and  certain  cn'stalline  nttrogenoua  bodtee,*of  which  urea  is  the  phyaiological  type, 
together  with  a  few  other  matten  alwaya  aiaociated  with  the  latter,  All  these  are 
the  reaulta  of  the  oxidation  of  the  oxidisable  income. 

It  ia  evident  that  the  taak  of  taking  the  force  and  malerial  of  the  income  and  of  ex- 
pbimng  the  nnmerooa  con  versions  they  sofier  nntil  they  finally  iasne  aa  effectna  and 
tffoetJi,  ia  nothing  elae  than  the  whole  task  of  physiology.  The  atudy  of  nntrition  mnat 
of  neceeeity  be  confined  within  narrower  limitflr  perhape  in  aome  ench  way  aa  follows. 
The  animal  body  conaists  of  certain  kinds  of  material  with  force  so  aaaociated  with 
them,  that  the  decomposition,  the  metamorpfaosia,  in  other  words  the  oxidation,  of  each 
matrnnl  aets  &pe  an  nppropnate  force  and  gives  rise  to  a  eorreaponding  waate.  Thus 
among  other  things,  th^  body  contains  certain  quantities  of  neivona,  muscnhir  and  adi* 
poee  tissue,  whose  decomposition  may  be  «iid  to  give  rise  to  mnacnlar,  nervous,  and 
calorific  action,  the  development  of  each  action  being  aoeommnied  by  its  particular 
waste.  The  object  of  the  stndy  of  nutrition  is  to  ascertain  qualitativejy  and  quantita- 
tively the  things  which  are  best  suited  when  taken  into  the  body  to  ensnre  the  acquire- 
ment at  one,  several,  or  all  of  the  various  corporeal  constituents,  and  thenee  to  guarantos 
the  exhibition  of  the  force  or  forces  proper  to  the  animal ;  or,  in  other  words,  to  deter- 
mine the  lawa  according  to  which  qtualttative  and  qnantitative  variations  of  the  income 
al&ct  th«<^  quality  and  quantity  of  the  capital,  and  thence  the  quality  and  quantitr 
of  the  expenditure.  The  practical  problems,  for  whose  solutions  a  knowle<lge  of  sncn 
laws  ia  desirable,  will  vary  of  course  with  the  circumstances  of  the  animaL  For  instance 
in  animala  doomed  to  the  Blaughter>houfie,  the  questions  have  to  deal  more  particularly 
with  the  amount  and  iiature  of  the  material  developed  in  the  body,  that  is  to  f^aj  with 
the  amount  and  character  of  the  capital.  In  mun  and  beasta  of  burden,  attention  has  to 
be  drawn  to  the  amount  and  nature  of  the  force  expended,  muscular,  nervous,  &c.  In 
coming  to  any  conclusion  on  these  matters,  a  certain  amount  of  crude  experieuee  is 
before  a  rigoroualy  scientific  method  can  be  applied. 


Ok  TBI  KATUBB  OF  Foon, 
that  is  to  my,  the  nature  of  the  income.  Though  oxygen  is  an  essential  part  of  the 
income,  it  stands  so  much  apart  by  itsel!!  tluit  it  is  generally  considered  separately  from 
the  rest  of  the  income  or  food  proper.  Experience  teaches  ns  that  the  food  of  animals, 
so  nndentoody  consists  of  a  certaiD  number  of  animal,  vegetable,  and  inorganic  substAnees 
known  uiid»r  th«  name  of  **  articles  of  food.*'  8u<-h  are  meat,  bread,  milk,  potatoes, 
gnaa,  watsr.  Some  animals  {JMdwra)  feed  on  vegetable  and  inorganic  substances 
only,  vis.  plants  and  water.  Others  {camiv&ra)  feed  only  on  animals  (previously 
Rttred  on  Yegetables)  nod  water.  Others  again,  fiueb  as  man,  are  omnivorous,  feeding 
on  both  animials  and  plants.  A  chemical  examinution  of  all  known  "  articles  of  food 
■hows  that  each  of  them  contains  one  member  or  several  members  of  a  class  of  chemical 
componnds,  which,  from  their  nnivf*nal  oecurrcnco  in  the  exceedingly  numerous  and 
otherwise  most  diversely  constituted  *'  articles  of  food,"  and  from  tlie  constant  ratio 
their  prr^enoe  bean  to  the  roughly  determined  nutritive  Vdlue  of  these  articles^  havs 
reoeJTed  the  nmme  of  "alimentanr  principles.**  They  have  these  eharacteristies.  They 
are  all  capable  of  being  digested,  ^#.  of  passing  fri^m  the  alimentai^f  canal  into  the 
system ;  when  any  one  of  them  is  swallowed,  u  fruction  only  of  it  reappears  in  the 
fft^'cs.  They  ar»  aU  capable  of  being  oxidised,  and  are  found  by  observation  to  be 
more  or  less  complete! v  oxidised  when  introduced  into  the  system  as  food ;  when 
SWftllowed,  the  part  which  does  not  reappear  in  the  fiin'es,  and  which  therefore  has  been 
digested  and  absorbed,  cannot  be  detected  passing  outwards  again  unaltered,  either 
thfOOgh  kidney!^,  lungs  or  skin.  They  are  nearly  all  complex  compounds  of  carbon, 
hjdm^n,  oxygen  and  nitrogen. 

Besides  these  oxidisable  "  alimentary  principles  "  there  is  alao  anothi^r  class  of  sub- 
stances,  represented  by  some  of  its  members  in  evory  article  of  food,  KubsLtnces  which, 
though  digestible  and  evidently  in  the  habit  of  passing  into  the  system,  ar«  either 
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ineftfkAble  of  oidiJation  or  may  bepfoved  not  to  bp  oxidiiJt'd  in  their  trani»ii  tjiroiigb  tlic^  J 
eeooomy.     In  ttub  opitiion  of  loiae,  these  bodies  should  ijot  be  eUieed  under  the  head  I 
of  food-     But  there  are  cogent  reasona  why  they  (should  be  bo  treats.     Eiperieuce  j 
shows  that  thej  are  quite  as  eBsential  couEtitueutB  of  a  heJtlthj  diet  as  their  oxidifiabio  ] 
oompfuiioiis.     And  the  necessity  for  their  ujpc  is  obvious.     If  it  is  true  that  the  aroouut 
of  force   poeaessed  and   given    out   by   living   beings,  is  due  to  the  chemicttl  pro- 
cesses taking  place  within  the  body,  or  speaking  geiicmlly,  to  the  oxidation  of  the  ojti* 
disable  food;  then,  out  of  the  whole  number  gf  substances  consumed  as  foml,  only  ] 
the  oxidisabla  "alimentary  principles"  can  be  looked  to  as  sources  of  force.     But  lifo 
ifi  not  mere  naked  force ;  it  is  nob  simple  combustion  or  oxidntion.     It  is  oxidation 
under  particular  circumstances;  it  is  force  manifested  in  partictdar  mode*.     The  forca  ' 
generated  by  the  oxidation  of  the  alimentary  principles  is  i«ffuhited  and  directed  into 
particular  channels  in  and  by  the  body.    The  body  itself,  beaidea  being  a  maaa  of  latemt 
force,  is  a  macbino  for  the  conrersion  of  force,  and  that  part  of  the  body  which  so  serrea 
as  merti  macJiinery  will  require  for  its  construction,  malerial  that  not  only  need  not  be  ' 
oxidisable  and  foroe-givtng,  but  wiU  bs  all  the  more  useful  for  its  special  purposes  in  ' 
■o  far  aa  it  caimot  be  oxidised.     While  that  machinery  is  being  built  up,  during  the 
erowih  of  the  animalf  its  material  must  be  souglit  for  in  food^  and  during  the  whole  ^th« 
life- time  ih^ro  will  be  continual  waste  and  renewal  of  the  machinery,  not  necess&rilj  I 
for  the  purpose  of  giving  forth  force,  but  because  the  peculiar  eireuaifttanoea  of  tJw  j 
machinery  unavoidably  cause  part  of  it  to  be  continually  carried  off  in  the  gimenl  1 
waste-current  of  the  economy.     The  animal  body  is  not  a  steam- engine  which  seeks  ] 
only  force  in  itt*  fuel  and  is  repaired  from  without ;  it  is  a  peculiar  madiine  which  I 
to  find  in  its  food  not  only  its  supply  of  force  but  also  material  for  its  conatant  repaxs.  * 
We  may  therefore  divide  food  into  the  oxidisable  alimentary  principles,  the  force- 
generators,  the  biogenic  elements,  and  into  the  other  substances  which  servft  I 
only  as  material  for  repair  of  pure  machinery^  and  which  tberefore  maybe  called  force*  1 
regulators  or  biotaxic  oiements.    It  must  however  be  pemembeiped  that  the  force-  ] 
generators  may  be  or  rather  decidedly  are  forco-reguhitora,  though  the  converse  of  coarse 
does  not  hold  good.     It  is  naturally  a  mutter  of  very  great  difficulty  to  determine  I 
whether  any  given  body,  confessedly  not  an  alimentary  principle^  is  to  be  regarded  at  j 
a  force-regulator^  or  as  b€Lng  in  that  sense  necessary  to  the  well-being  of  the  economy,  f 

All  such  substances,  generally  found  in  a  healthy  body  and  therefore  in  ordinaij  1 
food  and  in  the  ordinary  egestJi,  may  be  so  considered.  But  it  would  be  hazardoiis  to  f 
limit  the  list  to  these,  since  it  is  quite  possible  that  science  may  ^et  discover  that  the! 
ordinary'  consumption  of  bodicss  not  oa  yet  recommended  by  experience  would  inaeaMl 
an  animal's  well-being  by  introducing  *'nBw  regubtive  eloments  "  whereby  the  convert  1 
sions  of  force  within  the  economy  might  be  more  advantagt.'OUBly  carried  om  Should  j 
nny  such  be  discovered,  they  would  have  the  right  to  be  claimed  as  proper  elements  of  j 
ftxxi.  Hence  the  difficultyof  giving  a  satisfactory  definition  of  "  food  "  wide  enough  to  J 
embrace  all  its  parts.  **  Whatever  is  commonly  insorbed  in  a  state  of  health*'  is  pe^  J 
haps  the  best  or  rather  the  truest.  According  to  this  quinine  (which  though  ox^"^* 
in  the  system  to  &  certain  extent,  must  be  regarded  for  its  virtues  as  a  pure  i 
in  the  midst  of  malaria  is  as  mudi  an  element  of  food  as  starch  or  salt.  Me 
general  may  be  regarded  as  occasional  regulators. 

The  alimentary  principles  nmy  be  rougldy  enumerated  as  follows : 

1.  Nitrogenous  CoUcfid^, — These  are  cliiefly  the  whole  series  of  protein-compounds  of  J 
albuminoids,  both  from  the  aninml  and  vegetable  kingdoms*   Also  gelatin,  which  th 
of  little  value  apparently  for  certain  purposes,  fairly  comes  under  the  head  of  \ 
ment^iry  pnneiplea/'    I'o  these  may  be  added  certain  peculiar  nitrogenous  comp 
not  protein,  such  as  those  occurring  in  beet -root  mobiiMes  or  mangold  pulp  (Heia 
berg  and  Stohmaun)  whose  nature  and  properties  hare  not  yet  been  well  studied. 

2*  HydroearhonSj  Fats.^^e.&,T\y  all  animal  ii^XJs,  may  be  regarded   as  alirofi 
principles.     So  also  most  of  the  vi^etable  fktty  bodies,  with  deductions  for 
digestibility  and  purity.      Information  as  to  the  dige^tibiltty  of  vcgt^table  bodie«l_ 
Qtleas  allied  to  fata  and  oils  is  wanting.    According  to  G  rou  \'  r  n,  the  waxy  and  rc«iD 
portions  of  vegetable  food  are  largely  digested  by  oxen  and  oxidis(xl  iu  their  system. 

3.  Curho-hudraUs, — Starch,  Sugars,  Dextrin,  Gom,  Woody-fibre,  Pectin.  The] 
first  two  are  largely  present  in  most  vepetable  articles  of  food,  and  hold  a  high  rank  I 
as  alimentary  principles.  Inulin,  according  to  R  o  1  k  s  t  o  n  (Brit.  Assoc.  Reporta,  IS62V  I 
resists  human  salivaiy  diastase,  and  is  possibly  therefore  not  digested.  Gum  is  not  I 
digested  by  man,  but  is  destroyed  in  consideruble  quantities  by  oxen  (GrouvenV  I 
The  group  of  substances  known  under  the  name  of  pectin,  classed  for  conTemencie  wita  I 
carbohydrates,  seems  to  be  readily  digested  and  oxidised  by  oxen.  Woody-fibre  (that  j 
is  the  cellulose  of  woody-flbre,  Bot  its  lignin  or  cutin)  is  diested  by  niminiintB  to  lb«  1 
extent  of  from  30—60  percent.     (La  we  a  and  Gilbert^  Hennoberg.  Grouvm.)  J 
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B«ud«<  Ihese  dimentaiT  princiiiles  tbere  ai«  abo  prenent  in  a  healthy  diet,  the 
bodici  which  ba%'e  been  eaUed  rrgulators,  Tis.: 

Writer,  and  the  following  elemeoU  Ln  Tmiocn  combittationi(,  phoephoru«,  nulphar 
(in  addition  to  (ho  quantities  coatdined  in  the  jproleiu  BubBtanees),  chlorine,  fluDnne^ 
sodium,  i:)otass{utn,  caldtun,  miigneBlnmt  iron,  Buioon. 

There  iirc  also  consumed  in  food,  either  inuTeraiillj,  or  generally,  or  occajiianally, 
certnin  bodies  most  of  thein  capable  of  azidation,  but  coTieeming  w^ich  there  is  mnch 
dijiput<^.  cith^r  as  to  whether  tncy  really  are  oxidised  in  the  sjBtem«  or  as  to  whether, 
if  oxidised,  their  value  as  ia^redients  of  food  is  to  be  measured  by  the  force  giren  out 
bv  their  oxidation,  or  by  their  action  as  r^^uhitorsw  Sudi  are  regetable  acids,  Uieine, 
iilcohol,  &c 

The  food  of  man  also  contains  certain  substances  known  under  the  name  of  condi- 
ments. 8inc«  theee  bodies  peiform  their  factions  outside  the  real  body  thongh 
within  the  alimentary  cunal«  they  hare  no  better  reason  to  be  c^Daidered  as  food  than 
has  htniger,  optimum  CQndimentum, 

DiBTBTtCS, 

Crode  experience  teaches  bow  to  form  such  a  mLiture  of  these  elements  of  food 
as  shall  ensure  the  well-being  of  the  animul,  in  other  words  how  to  constnict  a  healthy 
dieL  It  is  found  that  when  any  one  alimentary  principle  is  alone  taken  as  food,  the 
aoimal  perishes  by  starration.  Neither  protein,  nor  fat,  nor  Etarch,  nor  sugar  can  alone 
support  life.  It  is  also  found  that  animals  cannot  be  maintained  in  health  nnle«8 
some  memben  of  the  g?^tip  of  elements  called  regnlatorv  are  present  in  their  food. 
Hence  the  rule  may  be  laid  down  that  every  gpod  diet  must  consist  of  two  or  more 
alimentary  principles  combined  with  a  selection  of  regulators.  Ever^  known  article  of 
food  fulfils  these  conditions  more  or  less  perfectly^  In  order  to  obtain  from  experience 
more  exact  knowledge  of  the  absolute  and  relative  amounts  of  the  constituents  of  a 
healthy  diet,  rpcoorse  must  be  had  to  statistical  analy^i^.  Thus,  taking  miin  as  an  ex- 
ample, if  a  laiffe  number  of  diets  actuaUy  in  use  among  persons  of  average  cireum- 
st4inces  be  coUected,  and  thf  various  articles  of  food  contained  in  each  be  analysed 
aoeordixig  to  their  alimentary  principles  and  constitnents,  a  mean  may  be  drawn  which 
won  Id  eive  a  qualitative  and  quantitative  selection  of  the  chief  factors  for  a  normal  diet 
Thus  Moleschott  (Phya.  d.  NahmD^smiUeL  s*  216)  gives  as  a  normal  daily  diet, 
pTotein^^ubatance,  130  gnus.;  fat,  84  krdsl;  starch,  404  grms. ;  salt,  80  gnns. ;  water^ 
2,800  grma.  Since  no  one  article  ot  food  contains  ita  alimentary  constituenta  in  that 
proportion,  it  is  evident  that  two  or  more  articles  of  food  are  necessary  for  a  good  diet. 
Another  method  of  formulating  the  rosolta  of  lai^  experience,  ia  to  express  them, 
not  in  terms  of  the  alimcntAr^'  principles  themselves,  but  in  tarmsof  the  total  quantity  of 
nitrogen  and  carbon  contained  in  tho»e  principlee.  Thus  a  certain  amount  of  nitzogen 
represents  a  certain  amount  of  protein,  and  a  certain  amount  of  carbon  also  represents 
the  same  amotint  of  protein,  plus  a  certain  quantity  of  either  fat,  starch,  or  sugar,  Jcc^ 
or  of  all  of  them.  In  this  way  Br.  Edward  Smith  (Sixth  Report  Med,  0&  Privy 
Oo«neil)  calculates  that  the  agricultural  poor  of  Great  Britain  consume  on  an  average 
420  grms.  carbon,  and  20  grms«  nitrogen  daily,  while  silk- weavers,  needlewomen,  Slc, 
only  get  267  grms.  carbon,  and  1 1  grma.  nitrogen.  Since  the  hitter  only  just  manage 
t4>  keep  starration  from  their  doors  (266  grms,  carbon,  and  12  grms,  nitrogen  daUy 
being  the  "starvation  diet"  suggested  by  Dr.  Smith  in  rciference  to  the  Lancashire 
operatives),  the  diet  of  the  former,  podnctive  as  it  appears  to  be  of  general  health, 
may  &irly  be  taken  as  a  normal  diet  VariationR,  however,  from  such  a  standard, 
often  extreme  in  chsxacter  and  yet  compatible  with  well<being,  are  occasionally 
witnessed.  Thus  Carpenter  (Human  Phy«-  P-  46)  romarkii  on  the  voracity  of  thi 
Bsquimaux,  and  quotes  an  instance  of  one  devouring  35  IKn.  of  aUmi'nt  mostly  fatty. 
Such  a  meal  was  probably  rather  swallowed  thnn  digested ;  but  the  case  of  the 
vojigfOfB  of  On"^^  who  are  dissatisfied  with  rations  short  of  20  lbs.  of  meat  |>er  diem, 
would  giTt  a  oonsQiiiption  of  280  grm<t.  nitrogen.  In  the  direction  of  a  mimnum  the 
pijime  author  mentions  an  instance  of  a  miller,  who  liv«'d  in  vigour  for  18  years  on 
16  oa.  of  flour  per  dirm,  which  would  give  110  grms,  curboii,  and  6  8  grms.  nitrogen. 
Since  rhi.N  miller  drank  no  alcohol,  his  case  somewhut  lessens  the  value  of  an  argu* 
ment  fouu(kHi  on  the  hLstories  of  indiridaals  aiud  to  have  lived  for  years  on  spirits 
ptuK  a  small  quantity  of  acttltU  food. 

Another  method  of  determining  a  normal  diet  consists  in  estimating  the  average 
quantity  of  nitrogen  and  carbon  m  the  urea  and  carbonic  acid  of  the  ege^ta.  The 
amount  thus  determined  is  first  translated  into  alimentary  principles,  and  thence  into 
articles  of  food.  The  lessons  of  experience  thus  roughly  analysed,  tJiough  of  course 
verv  valuabte,  cannot  be  ivgarded  as  anything  more  than  approximations  to  truth,  or 
as  bases  for  further  inquiry.  For  instance  they  tnke  no  account  of  nn  ♦jtcetHiingly 
variable  factor  in  the  matter,  namely  digestibility.    Thus  the  dht  gained  by  culciitit- 
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tug  back  from  the  egesta  can  onljbt  a  tme  one  vhen  the  whole  of  tlie  ingesta  are  digest«df 
whidi  ifl  probably  never  die  aue.  80  agsin  in  the  method  adopted  by  Dr*  E.  Smith, 
it  i»  taken  for  granted  that  the  aitides  of  food  containing  the  due  niliogten  and  carbon 
ar«  either  vhoEy  digested  or  digested  at  the  same  latee  nnder  all  circutoBtancee.  But 
ire  know  that  the  di^tibiliCy  of  the  different  alimentaiy  principles  Tarie«  according  to 
the  nature  of  the  article  of  food  io  which  they  are  prefi^nted.  And  not  only  haa  each 
aitide  of  food  an  absolnte  eoeffieient  of  digest ibllity,  but  there  is  erery  reaaon  to 
belisTe  that  in  a  mixture  of  different  kinds  of  food  such  as  forms  an  ordinary  meal,  the 
amount  digested  of  each  constituent  will  vary  according  to  the  proportlona  and 
character  of  the  mixture.  Thua  the  presence  of  fat  is  thought  to  assist  the  digestion 
of  starch,  and  the  amount  of  cellulose  digestod  by  oxen  varies  according  to  the  amount 
of  other  sutMitances  present  in  the  rations  (Henneberg,  Grouven).  Other  cir- 
enmstances  too,  such  as  labcmr,  rest^  Sec,  materLdly  affivt  digpstioD  (K.  Smith). 
Hence  the  importance  of  estimating,  not  the  amount  of  ffxjd  token  in  by  the  mouth 
onljt  but  that  which  in  reully  absorbed  into  the  syti^tetii  and  which  alone  poBMCWMSa  thd 
Tirlues  sought  for.  Even  when  the  actual  amoimt  <jf  carbon  aud  nitrogen  neceaaary  for  use 
under  average  circumstances  has  been  thus  determined,  several  questions  have  to  be 
wiBfrered  before  a  diet  of  any  practical  use  can  be  fixt^l  upon.  Can  gelatin  supplout 
protein  either  wholly  or  in  part?  The  labours  of  the  well-known  commissions  ahow 
tow  difficult  or  rather  impossible  it  is  to  decide  this  from  mere  experience.  Are  fat 
and  starch  mutually  oonrertible  ?  May  a  diet  consiKt  of  nil  fat  or  all  starch  in  addi- 
tion to  the  protein  ?  la  the  action  of  sugar  the  sajue  as  that  of  stanch  ?  What 
changea  should  be  made  for  labour?  What  for  fattening?  It  is  eddent  Uiat  to 
determine  questions  like  these  from  mere  eacperienee,  with  nothing  but  the  vague  con- 
dition of  well-being  as  a  test  of  succeas,  la  well-nigh  impossible.  For  further  know- 
ledge it  becomes  necessary  to  leave  on  one  side  the  concrete  rftsnlU  of  experience  either 
viui  regard  to  man  or  animals,  and  to  turn  to  the  search  of  the  abstract  laws  govern- 
ing the  conversion  (in  the  animal  body)  of  ingesta  into  effect  us  and  egesta. 

Obneb&l  Laws  op  NuTairioir, 

Or,  the  laws  according  to  which  material  consunied  oa  food  afifecta  the  compodtioii, 
and  forces  of  tha  aninm  organiam. 

The  older  views  on  this  matter  were  extremely  itimple.  Dumas  (Ewm  de  StaHqv* 
Ckimiq'Ut  dcM  Eires  orqanittt)  taught  that  all  the  alimentary  principles  migfat  be 
divided  into,  L  A^ftimilabif  products,  viz.  protein  substances  and  fiitty  bodies  which 
served  by  direct  assimilation,  to  increase  or  renew  the  organs  of  the  body  prerionsly 
wasted  during  the  exerc^ise  of  vital  forces ;  and  2.  (hmhuftiihis  produefs,  viz.  a  agar  and 
:fetty  bodies,  consumed  in  respiration  for  the  purpose  of  supplying  animal  heat,  Liebig 
and  his  school  proved  that  fat  was  actually  created  in  the  aotaial  economy  probably 
out  of  the  carbo-hydrates  CDumas  having  at  first  mid,  **  L^animal  a'aflsimile  done  oa 
d^truit  des  msiti^res  organ iques  toutes  faites;  il  n'en  cr^e  done  pas,"  but  aiteniszds 
supporting  Liebig's  view) ;  and  heneej  while  adopting  a  similar  diviaioii  of  food  into 
**  plastic  "  and  "respiratory  "  elements,  added  as  a  corollary  that  an  f xceas  of  inooited 
respiratory  material  not  wanted  for  immediate  use,  might  be  stored  up  in  the  body,  not 
as  fuUy  formed  tissue,  but  bs  mechanically  infiltrated  fat.  Since  then,  however*  tlie 
matter  has  be«in  the  subject  of  much  exact  inquiry ;  and  the  results  obtained  wiU  bs 
best  studied  by  considering  the  e^tatics,  thut  is,  all  that  relates  to  oompositioo,  apart 
from  the  dynamics  which  have  to  do  with  force. 

A.  8i9iieg, 

The  following  is  the  general  hrm  of  the  problems  to  be  dealt  witb.     driven  the  cAei 

of  a  known  ration  of  food  on  the  total  weight  of  an  animal,  to  determine^  from  an  d/^ 

msDtary  comparison  between  the  ingesta  and  egesta,  how  that  effect  may  be  described 

in  terms  of  the  constituents  of  the  bodj^.    For  this  purpose,  an  analysas,  proxtmate and 

'  elementary,  of  the  food  consumed  withlii  a  given  time  is  made ;  the  imne  and  haea 

'  are  collected  and  analysed,  iheir  elementary  composition  being  directly  detennined  if 

perfect  exactitude  is  required ;  the  excretion  by  lungs  and  slan  is  also  estimated  by 

Sneana  of  a  '^reepiration-ehamber/*  and  the  amount  of  oxygen    fixed  by  mDintiai& 

calculated  by  subtracting  the  initial  weight  of  the  animal  plus  its  food  from  ue  final 

^  weight  plus  all  tbe  egesta,     Witb  what  great  certainty  such  a  comparison  may  be 

made  is  seen  from  the  following^  table  of  the  observations  made  hy  Fettenkofer  lad 

Voit  on  a  dog,  who  with  a  daily  ration  of  1,500  grms.  of  meat  was  neith^  materiaUy 

gaining  nor  losing  fiesh. 
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And  «ven  thi»  alight  difTerenoa  the  obaeiroN  state  might  b«  itill  further  reduced  by 
Imothetieal  oorrectiona,  for  fieoei^  of  the  anintal'a  total  wi^ight.  In  oil  experimenta  of 
thia  kind,  the  determinatiofn  of  the  real  weight  of  the  animal,  though  apparently  eaay» 
IB  in  reality  a  very  difficult  tatk,  inaamnch  as  the  total  body-veight  forming  the  baua 
of  th«  catcnlationii  ongbt  to  be  that  of  the  body  firee  hom  necee,  and  in  moat  caaea  the 
ammal  haa  within  him  at  the  time  of  the  initial  weighing  some  of  the  fieees  of  hia 
pMvioiia  diet,  and  at  the  final  weighing  more  or  leea  of  the  £iecea  fomed  out  of  hia 
ej^tnmental  radona*  In  the  obeervadon  above  detai]^  the  carbonic  acid,  watisi  of 
pertpiration,  &C|  dec,  were  diroctly  determined  by  means  of  a  complicaited  apparatua. 
Other  im^uirers  have  been  content  to  determine  the  carbonic  add  only,  and  that  from 
tame  to  tune  during  the  experiment  (Bidder  and  Schmidt),  leaving  the  water  of 
BttEOpiration  for  calculation,  and  D^glc?tcting  the  other  gaaeoiu  excreta  altogether. 
Bi aohof  and  Voit  did  not  even  determine  the  carbonic  add,  but  baaed  their  calcula- 
tiona  on  the  aren^  thrown  ofiTby  dq^  aeoording  to  HegnauU  and  Keiset 

The  determination  of  the  nitrogen  of  the  matanaa  been  the  occasiDu  of  much  dispute. 
In  the  above  ohaerration,  Pettenkofer  and  V o  i  t  merely  determin ed  by  Liebig^a method 
the  urea  of  the  urine,  and  oonaidered  tlie  nitngen  thervin  contained  as  the  only  nitrogen 
excreted,  Agatnat  thia  mode  of  proeedui«,  it  has  been  urged,  in  the  firat  place,  that 
the  orine  certainly  doea  contain  small  qoantitiea  of  other  nitrogenona  bodies,  to 
wtt»  creatine,  creatinine,  &c.,  and  mtiy  pobfubly  contain  them  in  considerable  qoantitiea 
on  |]articiilar  oocaiiona.  Voit  maLntama  however  that  Liebig'a  method  gives  a  result 
which  indiidea  theae  bodies  when  they  aje  present,  "  their  uitrogeQ-eqaivalent  behaving 
towards  the  mercurial  solution  exactly  like  the  nitrogen-equivalent  of  nrea."  Other 
obaerren  have  determined  the  uric  add  iw  well  (Ra  nke)v  or  in  berbivora  the  hippuric 
aci4(fienneberg,  Qronven).  It  ia  ulso  urged  that  a  certain  qnantity,  a  sm&U  one 
doubtXeaa,  of  nitroigBii  goea  oif  in  the  proccas  of  degquam^ttion  and  depilation.  Thia 
baa  been  approiimatiTely  aooount^d  fur  by  S'^nie  ob^ervin^  (Bidder  and  Schmidt, 
Gronven).  Lastly,  it  ia  maintainc<l  that  nitrogen  nossea  oflT  by  skin  and  lun^  in 
aome  form  or  another  in  considerable  quantity.  While  Be^nault  and  Rtiaet 
foond  evidence  of  only  alight  exhalation  or  absorption  of  nitrogen  by  the  lungF, 
Bouiaiogault  (Mem*  de  Chimia  aghcole,  &c. ),  in  experimenting  on  turtle-doves  nnd 
horsee,  eomd  only  reeover  from  urine  and  fbcen  about  twa-thirds  of  the  total  quantity 
of  nitrogen  taken  in  aa  £cknL  Barral,  experimenting  ou  human  beings,  came  to  a 
similar  eoDcloaion ;  and  other  observers  have  fhiled  to  a  greater  or  less  i^xtent  in  re^ 
cortertng  from  urine  and  fiaeea  the  nitrogen  of  the  aliment.  More  recently  Keiset 
(Aftn*  Cb.  Fhya.  1863)  fbond  evidence  of  considerable  volatile  excretion  of  oitrogen 
m  Bheep,  calrea,  geese  and  turkey-fowls,  and  to  a  (tnuill  extent  in  pign.  To  thcf^o  facta 
may  b«<  added  the  azpprimeDta  of  Funk e  on  the  preaeneein  the  perspiration,  of  urea 
in  couaidtTAble  qniuititiea.  On  the  other  Imnd,  B  ia d  c  f  and  So h  m  id  t  found  in  cuts  the 
whole  of  the  nitrpgen  reappearing  in  urine  and  fteceii,  esoept  iji  casea  where  there  waa 

•  B|  »Lla  asoA  luuf «. 
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tetmn  to  think  it  hud  been  retained  in  the  body.  Ha  ugh  ton  (Dublin  Quart  Med. 
J.  1869)  belieTc^i  tJuLt  th«  ($ame  thing  hoId»  good  with  men.  and  that  Barral  wu 
wrong  in  his  analysis  of  food.  So  also  Ruoke,  who  moripover  found  lioth  that  si  pro- 
fuse sweat  bad  no  <»ffect  on  the  nitrogeu  of  urino,  and  that  there  wan  no  appreciJible 
amount  of  nitrogen  to  be  discovered  in  the  sweat,  H  en  neberg  holds  appiirenUy  that 
in  oxen  no  decided  amount  of  nifrogen  i&  lost  by  lung**  or  skin  (except  aa  huirs^  &<«.>, 
and  Grouven  found  by  direct  oatimation,  the  amount  of  amiuunia  given  off  by  oxen 
to  be  exceedingly  amidl(J^grm.  per  diem);  be  also  wtcertaine^l  that  the  difference 
betveea  the  mtrooen  of  food  and  that  of  urine  and  fyx/BB  wiu  reduced  to  a  very  email 
quantity  indeed  wEen  the  ox  was  fed  fur  9ome  eonstder&ble  time  on  rations  whei^hy 
he  neither  gained  nor  loet  much  in  fle-sh,  La«tl^',  V  o  i  t  (Ann.  Ch.  Phann.  Suppl.  ii.  1863 ) 
led  a  pigeon  in  the  same  manner  as  Boaasingault  fur  a  cousideruble  time  on  fixeil 
rations,  and  found  that  bf)  could  reooTer  out  of  uriBe  nnd  fufces  all  the  nitrogen  of  tho 
food  ^th  the  exception  of  23  p**  oenlj  wbieb  morenwr  conld  be  accountM  tur  by 
(!oniiidertng  an  increase  which  took  place  in  the  animal's  weight  to  be  an  inereeae  in 
nitrogenoms  material.  Voit  calculated  that  if  ocly  &l  1  grm.  nilrogt*n  had  l>e^n  given 
out  daily  by  the  akin  and  lungs,  in  addition  to  that  contained  in  urint-  and  f»ce«,  there 
would  have  been  Done  left  in  tho  animal's  body  at  tht*  iMid  of  the  experiment !  Hent^e 
in  experiments  of  this  kind  the  practice  still  obtains  of  comsidering  the  nilrfj^cn  of  the 
urea  (with  that  of  uric  and  hippuric  acidfl  when  pref^cnt)  as  representing  the  whc^ 
nitpogen  of  the  cgesta. 

Having  thus  determined  with  more  or  less  precisioQ  the  amount  and  nature  of  the 
cgesta^  the  foeees  must  bo  phieed  in  a  dirtdon  by  themselves,  alnce  they  represent 
the  portion  of  food  which  is  not  digt«ted,  not  abaurbed  within  the  true  body,  which 
tftkee  no  ahare  in  the  fictions  of  the  economy »  tmd  must  ther**fi>w  h&  dtduoted  from 
tile  total  of  food,  the  effect  of  which  is  being  studied.  It  i6  quite  true  that  the  fieoes 
contain,  beiiid'^Si  undigested  material  a  certain  atuouut  of  stuff  which  has  been  poured 
into  the  intestine  after  having  fidfilled  its  function  in  the  economy,  and  has  escaped 
resorption  during  its  transit  through  the  aiimentary  canal ;  but  the  amount  which  baa 
thus  undergone  oxidation  is  so  smuil  that  it  is  gcnenillj  disregatrled. 

The  next  thing  to  be  done  is  to  determine  what  inference  is  to  be  drawn  from  the 
pre«tence  in  the  true  egesta  (from  kidney,  skin  and  lungs)  of  any  gf^'ea  element  or 
compound.  VThat^  fbr  instance,  does  the  presence  of  nitrogen  {or  urea)  signify?  Tho 
nitrogen  arises  doubtless  from  some  raetamorphoais  within  the  body  (metamorphosis 
being  used  as  meaning  chemical  change,  a  ihiitbg  of  the  elements  fnmi  one  formula 
into  another,  or  other»).  We  may  go  eo  fat  a«  to  say  that  it  arises  from  the  metamor* 
phosis  of  some  nitrogenous  mflterial,  which  material  may  furtlier  be  declared  to  be  a 
protein  substance  (or  gelatin). 

But  there  are  in  the  animal  organism  many  different  proteinous  tissuM,  and  at 
least  mure  than  one  geLitiniferons  substance  (holding  pofutions  of  rariable  impottanee 
and  value),  each  of  which  might  by  metamorphoeb  give  rise  to  the  nitrogen  of  the  egeeta. 
If  we  take  the  Toy  roughest  analysts  of  the  animal  bo<ly.  we  »hull  be  obliged  to 
consider,  &8  BGparato  coUections  of  uitrogenous  material,  the  muscular  tissue,  the 
nervous  tissue,  the  connective  tiseue  (includiDg  the  bones),  the  gbmdular  tissue,  and 
bloody  each  containing  not  only  a  form  and  possibly  several  fomis  of  nitrogeooua 
material,  but  very  many  other  suljwttanceis  as  well.  And  it  is  evident  that  if  we  assume 
tliat  the  presence  of  a  given  q]Uantity  of  nitrogi-n  in  the  urine  indicates  the  metamor- 
phoaia  of  a  eerttiin  quantity  of  any  particular  tissue  (that  metaraorphoi^is  not  being  con- 
fined to  ite  nitrogenous  material  alone^  but  embracing  also  at  least  all  its  constituenta 
that  are  at  all  liable  to  decomposition),  the  total  change  lx>th  as  to  the  composition  and 
the  Jbrcea  of  tlie  body  which  we  are  thereby  enabled  to  predicat4.\  will  vary  considerably 
aoooidiDg  to  the  tissue  which  we  select,  whether  mui^i  ulur,  nervous,  4S£e.,  &:e.  Such  a 
•election  is  naturally  a  problem  of  extreme  difflculfy ;  indeed  it  hiAn  hardly  yet  been 
attempted  except  in  reference  to  two  points.  In  tht-  tirst  pluce  thert*  is  every  reaaoii 
to  beheve  that  the  amount  of  metamorphosis  nntunilly  occurring  in  connective  tiMue  itf 
exceedingly  small  compared  with  that  going  on  in  the  other  nitrogenous  tissues.  Exact 
in£irm&tiOD  on  this  score  is  wanting,  but  the  starvation  eixperinjientji  have  shown  that 
the  bones  for  instance  suffer  scarcely  any  loss  during  a  long  abeiinence  from  food. 
Hence  in  the  researches  we  are  dealing  with,  the  gektiniferous  tissues  are  disregardod. 
In  the  nejtt  place,  a  distinction  has  been  set  up  between  nitrogenon*^  m:tterial  which  bai 
merely  been  digested  and  absorbed  into  the  blood,  and  nitrogenous  material  which  hM 
undergone  the  rarther  process  of  being  converted  or  assimilated  into  actual  tissue  with 
distinct  anatomical  elemeute.  For  instance^  a  certain  quantity  of  albumin  having 
been  converted  by  the  stomach  into  the  peptones,  enters  the  circulation  and  forms  part 
of  the  nitro^nous  material  of  the  blood ;  in  due  time  it  escape  from  the  capillAriee 
and  comes  into  dose  connection  with  some  tissue,  say  mnaoulBr  fibre,  of  which  it  is 
henceforth  a  component  part  (though  how  far  ^ch  chemical  constituent  of  a  miude 
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hit  to  do  with  its  histologjcal  ibataiM,  tbe  ntietfli,  striie,  &(*.,  or  how  far  theae  Mtno 
htdnvM  ■haro  in  the  general  metamorphosLB  of  the  fibre  ia  aocprtiiin).  If  the  albamin 
if  mftiimorpboeed  ao  us  to  give  rise  to  niva  while  it  is  still  within  tlie  blood,  the 
mult  to  the  of^^anism  will  be  Teiy  difiereot  from  what  would  occur  if  the  met&murphosit* 
weire  deferred  until  fhe  album  iq  had  become  part  aud  parcel  of  the  muiecular  fibre.  And 
the  taine  applif «  to  the  other  tieeaea.  Hence  we  may  speak  broadly  of  two  soorces  of 
area ;  one,  the  metamorphoiiis  of  digested  food  still  dwelling  in  the  blood-correut,  aad 
which,  for  the  sake  of  brevity,  we  may  call  the  mf^tHniorphouis  of  Dltixtema  or  modti5f<l 
food :  the  other,  the  metAmorphosia  of  tisane  prenou«ly  formed  out  of  Blood,  and  whieh 
wo  may  call  Ffr»h,  nlthongh  we  embraee  under  that  title  not  mnN^ular  tiBroe  only,  but 
every  other  kind  of  tisaue  that  contains  nitrc^enous  material  subject  to  constant  change. 
Accordiiigto  l^\&h\%,  BIschof,  Voit  ana  othem,  the  lajstonly  is  the  true  expreisaion 
of  the  proeesa  of  the  economy,  Flesh  the  only  source  of  ureu.  According  to  Bidder 
and  8<!hmidt  urta  may  Ani<e  both  from  Blastema  and  from  Flesh. 

Having  thus  d^'tfrmined  the  source  of  the  nitrogen,  the  analysis  of  the  egesta  may 
be  (Continued.  The  metiimorphosis  of  Flesh  or  Blnstema  (or  both)  which  accounts  for 
the  nitrogen  will  also  account  for  a  certitin  qaanlity  of  carbon,  hydrogen  and  oxygfU. 
The  rerosunincr  quantity  mny  then  be  inferred  to  result  eithfr  from  thK'  metamorphosia 
of  a  ealeaLable  quantity  of  adipose  tiftsue  (or  Fat)  or  ft>5m  the  metamurphosiN  of  the 
hydrocart>oni  or  carbo-hydrates  of  Food  while  still  in  the  blood-current  (Bbstemu), 
A  oompariaon  of  the  ingesta  and  egesta  may  then  be  used  as  follows. 

An  ezcew  of  the  nitrogen  in  the  ingesta  over  that  iu  the  egesta  will  bo  regarded  aa 
a  storing  up  of  nitiogeooiia  material  which  has  escaped  metAmorpboais— aa  a  gtiin  either 
of  Flesh  or,  if  it  is  ponible  to  heap  up  such  matters  in  tbe  blood-cnrreot,  of  Bloatema. 
An  excc«s  uf  nitrog>en  in  th«  egesta  over  that  in  the  ingwta  will  signify  a  metamorphoeia 
or  cooaiimption  of  Flesh  over  and  above  the  metamorphosis  of  nitrogenous  material 
L'onftiini'd  in  the  food  (or  its  eqmYalent  in  flesh),  and  Uierefore  may  be  regarded  as  a 
loss  of  fl««b.  Supposing  there  to  have  been  during  the  period  of  experimentation  a  total 
gidu  »  i^  and  a  gain  of  Fleah  =£  a ;  t  —  a  will  then  remain  as  the  expression  of  the  gain  in 
Jat,  water,  or  both  -■  A  4*  c.  The  excess  of  carbon  in  the  cgc^ta  over  that  in  the 
ingesta  minus  the  elements  required  for  the  gain  in  Flefih,  may  then  bo  used  for 
ciiletiiatin^  the  gain  in  Fat  —  b.  The  irtained  water  may  then  be  calculated  from. 
the  equation  t  —  a  ^  b  **  e,  and  ought  also  to  be  represented  (if  a  complete  analysis 
of  Ijotli  iogesta  and  egesta  baa  been  made)  by  tlie  amount  of  oxygen  and  bvdtogen 
remaining  in  the  ezcess  of  egesta  after  the  subtraction  of  the  elements  required  for  the 
gain  of  Flesh  and  Fat.  When  there  is  a  total  loss,  or  special  loss  of  any  of  these  thrcii 
chit-f  coDHtituentSf  tbe  sign  in  the  equations  must  be  altered  accordingly.  As  was 
stilted  ubove«  Bischofand  V^oit  made  no  complete  analysts  of  the  egesta^  but  contented 
tiieitifM^lres  with  det«'rmining  the  nitrogen  as  urea  and  cakulaKng  out  the  carbon  of  the 
egesta,  as  an  index  for  gain  or  loas  in  fat,  from  previously  detormine<l  uvcragcs  of  the 
carbonic  acid  exhaled  and  units  of  heat  thrown  off  by  the  doe.  It  is  evidf  nt  thait 
such  calculations  leav«  margins  for  very  considerable  errors,  ana  a  comparison  between 
the  theoretical  residti*  of  Bischof  and  Voit,  and  the  actually  observed  results  of 
PetlenkofiT  and  Voit  iri'M  the  same  dog  shows  how  important  such  errors  may  be. 

The  tipiiiton  tlutt  the  nitrogen  of  the  egesta  when  Ibod  is  taken  arises  from  the 
metamorphoais  of  both  flesh  and  blood  is  uphc^ld  by  Bidder  and  Schmidt  These 
obssfren  determined  the  excreta  m  a  cat  for  a  period  of  eighteen  days,  during  which 
no  food  at  all  was  taken,  and  the  whole  nitrogenous  metamorphosis  referred  therefore 
to  flesh  alone.  The  following  table  gives,  reduced  for  each  24  hours  to  1  kilogrm.  of 
the  weight  on  that  diiy,  the  excretion  of  urea  aud  carbonic  odd,  and  also  the  amount 
of  fiit  and  dry  nitrogenous  protein  material  (not  flesh)  calculated  to  have  undergone 
metamor^>hosis: 


D«jr. 

tfirn. 

CHrbrHMc  nrUU 

l*mtetn. 

FM. 

Oar. 

tTlM. 

Ctfbmic  ttcid. 

FrotelQ. 

Fat. 

1 

3437 

2IKJ8 

994 

i7e 

10 

1*907 

22*46 

6-78 

4-66 

2 

a  298 

2061 

713 

3*30 

11 

17*23 

2209 

5-34 

4-84 

1  887 

2157 

6M 

434 

12 

1  648 

2:M3 

6-12 

634 

1  732 

207-1 

6-37 

4*33 

i:i 

216G 

23-61 

671 

4  66 

2227 

20-51 

6-90 

3-41 

14 

2  224 

23-65 

6-90 

4-13 

2133 

2oiM 

6GI 

3fi7 

15 

2062 

23 '96 

6-36 

487 

1'96H 

20(111 

filO 

;*HG 

16 

2*154 

23-28 

6-ea 

444 

8 

2imi 

207i» 

&rn 

372 

17 

1*216 

21*4.1 

377 

542 

9 

2263 

2189 

7^n 

3-89 

18 

0*397 

17*67 

1-86 

510 

It  will  be  obM?rved  that  if  the  two  first  and  two  last  days  be  omitted  (and  the  inflaence 
of  previous  food  on  the  one  band  and  of  dying  on  the  other  be  thus  eliminated)  the 
amount  of  urea  and  of  carlxinic  acid  excretrti,  and  of  protein  and  fat  nictHmorphofeed  per 
kilogramme  per  diem  h  remarkably  ci»iut»tdnt.     The  total  cjniintiFy  uf  nilnjgrn  fxcw'ted 
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during  the  whole  period,  3D'807  grma,  bespoke  204*43  grma.  protein  maLerial  (calculated  is 
dry  fDUide  free  from  f&t),  containing  1 02  24  grma.  carbon,  which  deducted  from  the 
totid  amount  of  carbon  excret^  y'ul  20a  96  ^ms.,  gave  103  72  grms.  carbon,  an  equira- 
lent  for  18276  grma.  pure  fat  (not  adipose  tissue).  The  total  Ioaa  in  weight  waa  1264*B 
grros.,  which  leares  927^62  grmji.  for  the  loeis  in  water  and  wdti.  An  anaiysiB  of  the 
dead  bodj,  compared  with  an  anBljbis  of  another  cat  very  closely  resembling  what  thn 

^  dead  one  wae  at  tJie  oommencement  of  the  expenment,  gave  a  probable  loea  of  1020 
grniR.  water^  and  306  grma.  dry  material  of  which  about  130  gnus,  waa  fat,  and  thus 
afTorded  a  £^ir  corroboration  of  the  theoretical  deductions.  On  feeding  a  cat,  boweTOiv 
on  finch  a  quantity  of  Hesh  that  for  nine  days  it  neither  gained  nor  lost  welg^  to  injf 
great  ejitent,  they  found  the  daily  excretion  per  Itilogramme  per  diem  to  be 

Urea    ....     2'958  Carbonic  acid      ,         .         ,     20*322; 

when  it  was  forced  to  eat  aa  much  aa  poastble,  the  excretion  per  kilogramme  per  diem 
was 

Urea    .        .        .        .5*152  Carbonic  acid     .        .        .    34*877. 

Another  cat  left  to  feed  ad  libitum  gave  p^r  kilogramme  per  diem 

Urea    ....     7'6G3  Carbonic  add     .        .        .    34'154. 

Bidder  and  Schmidt  drew  from  their  results  the  conelusion  that  the  total  metamor- 
phosis of  any  given  animal  is  dependent  on  two  circumstances,  or  is  a  function  of  two 
frtctors,  fine  constant^  the  other  Tariable.  Tlie  constant  is  the  typical  metamorpboda 
exhibited  during  hunffer,  shown  so  dearly  for  the  cat  in  their  starvation-experiment, 
a  metamorphosis  renaercd  neceasair  for  the  production  of  heat  and  the  other  vital 
forces,  the  amount  being  determined  by  theepeeies,  ago,  bulk,  &c.,  of  the  animal.  The 
Turiable  is  the  foot!  taken  for  the  lime  bein^.  When  the  food  taken  is  only 
sufficient  to  cover  the  wast«  caused  by  the  typical  constant  metamorphosis,  all  the 
excreta  may  be  itifi-rrpd  to  have  arifren  from  the  metaniorpho.«ti»  of  flesh.  When, 
however,  a  «ur[>Um  uf  food  Is  taken,  then  part  of  the  excreta  is  due  to  metamorpho- 
sis of  blasternH.  Thus  when  a  siirplits  of  meat  was  consumed  by  the  cftt^  a  certaiD 
portion  entered  in  a  sbite  of  fl^ish,  repliiciDg  a  certain  quantity  whose  nitrogen  appeu^ 
in  tJie  egcst+i  nndtT  the  furm  uf  UTRa  fi»  the  repre^ntative  of  the  **  constant  *  meta- 
morphosis ;  the  re«t  wan  split  up  in  the  blood  into  a  nitrogenous  and  a  hydrocar- 
bonous  porhon.  The  niirogenous  jportion  was  at  once  thrown  ofifaa  urea.  A  certain 
amount  of  tlm  h>'dpi>earl>ouottS  portion  then  either  entered  the  body  aa  fat  in  order  to 
supply  the  waste  caused  by  the  ♦'constant  metumorpbosis "  ncceasary  to  produce  the 
typical  amount  of  carbonic  acid,  or  what  umouuta  to  the  same  thing,  was  metamor- 

;  phosed  at  once  in  the  blood  in  order  to  pnxluce  that  amount  of  carbonic  acid,  and  so 
MTed  the  fat  of  the  body  from  consumption.     If,  after  the  performance  of  this  duty, 

\  any  of  the  hydrocarbonons  portion  still  remainrxl,  it  too  wa^  m(  tamorphoaed  or  oxidis^ 
within  the  blood,  limitation  being  made  for  the  quantity  of  oxygen  present  The 
quantity  of  nitrogenous  material  thus  metamorphosed  directly  in  the  blood  aud  thrown 
effas  urea,  was  designated  by  Bidder  and  Sclimidt  the  '*  Luxus-cousuraption."  It  ia 
naturally  very  high  with  a  diet  of  pure  flcah,  a  large  amount  of  albumin  WMjuiring 

.to  be  split  up  in  ordtT  to  supply  the  necessary  quantity  of  carbonic  acid.  It  ia 
xeduced  by  the  addition  of  hydrocarbons  or  carbohj.'drates  to  the  food»  and  hence  ia 
more  marked  in  enmivoru  than  m  herbivora. 

ThLs  view  of  Bidder  and  Schmidt  a  is  moreover  supported  by  the  fact^  agreed  to  by 
nearly  all  observers,  that  the  amount  of  area  in  the  urine  increases  very  consider- 
ably wirhin  a  few  hours  ailer  taking  food.  It  ia  thought  highly  improbable  that  in  so 
abort  a  space  of  timi*  the  food  should  have  actually  been  transformed  into  tissue. 
According  to  Dr.  E.  8m  i  t  h,  however,  this  post-cibum  rise  of  urea  h  not  so  marked  aa 
other  obaerrem  hare  taught,  rspecially  when  the  hourly  varititiona  in  the  (juantity  of 
urea  which  occur  during  hunger  arc  taken  into  consideration.  Besides  which  it  must 
be  remembere^l  that  we  do  not  at  all  know  either  bow  rapid  the  changes  in  living  fleati 
may  be,  or,  as  was  observed  above,  how  far  the  anatomical  elements,  the  fbnnea  soHd 
portions  of  the  tissuen,  for  in  them  lies  the  difficulty,  tAka  part  in  those  changes. 

Another  argument  for  the  karus-consumption  is  drawn  from  the  experiments  of  I>r. 
Hammond,  whri  found,  with  a  purely  album i nous  diet,  great  increase  of  urea  with 
great  loss  of  Htrt  iigth.  But  to  this  it  may  be  answered  that  the  exact  relation  between 
nitrogenous  metamorphosis  and  the  produetion  of  vital  force  is  not  yet  fully  established ; 
that  It  is  quite  possible  that  excessive  metamorphosis  of  even  muscular  tissue  should 
take  place,  and  yet  the  forte  so  libemted  not  take  the  form  of  muscular  power ;  nod 
moreoTer,  that  nrea  need  nut  neee#sarily  be  assumed  to  arise  firom  muscular  tisane  alone, 
bat  might  be  supplied  from  all  the  formed  tissues  which  we  have  claased  togetiier 
under  ue  head  of  flesh.     The  phenomena  of  the  disease  called  Diabetes,  again,  dBkp 

,  aeveiral  important  lesions  on  this  ^int.  Thus  Ringer  (Mod.  Chir.  Trans.  xUii.) 
kariiig  observed  in  that  miilfldy,  durmg  hunger  as  well  as  after  a  non-nrnjlaceous  meal. 


NUTRITION,  ANIMAL. 


IfiS 


Vo.u 

No-f.            Ko.S.            Ko,i.           Na8. 

72  gim. 

•52  gnn.      92  grm.      34  gnn.     H  gna* 

77    „ 

•52    „        -55    „ 

*70    „ 

•49    „         -42    ,, 

•64    „ 

*38    „ 

42   « 

•33    ., 

•4«>   It 

•33    „ 

*  « 

*32    „ 

rtxnmo  per 

dion  for  tho  last  two  dajrs  of  the  diet  i 

3  94grms. 

•81  gnn.    318  grmji,  -74  gim     *36  gnn. 

3-99      „ 

78     ,»       3*22    ,,          56    ,         -36    „ 

A  cotutAiit  imtio  between  the  unonxtt  of  itig^  And  of  iiie&  present  in  the  mine,  naturall  j 
infem  the  «xiAt«nce  of  m  eommon  wniree  for  both ;  and  finding  reaeoni  for  believiiig 
that  the  sngir,  at  lenat  in  Botne  fonni  of  diabet<«tOomei,not  from  the  tisauos  genemUy, 
but  from  the  liver  in  particular,  argnes  that  the  urea  oomea  from  the  same  organ  too, 
both  peiltapi  arising  from  a  epHtting  np  ot  protein  ffubatanc4!.  Hang  lit  on  abio  aup- 
porta  the  aame  view.  But  the  theory  of  a  luxui-conBumption  requires  that  the  urea 
•boold  not  come  from  u  metAmorphoala  of  the  liver,  but  of  the  hlood,  or  rather  of  tbts 
blaat<-ma«  as  it  paa^es  through  the  liver.  And  these  two  things  have  not  been  held 
anfficientiy  dtfctmct.  The  baaia  of  Bidder  and  Schmidt' a  views  was  the  conatant  ratio 
of  ureu  to  liodj- weight  whieh  waa  maintained  during  the  whole  of  the  Btarvation> 
experiments  The  truthful neae  of  the  reanlt  baa,  however,  be<?n  impugned  by  the  obaer- 
vattona  of  B i * c h o f  ard  V o i  t  They  aubmitted  u  dog  to  a  htingtr*exporiment  on  five 
dilTerent  oocationfl  : — 1.  After  a  very  rich  meat  diet — 2.  Aftisr  a  meat-diet  decreaaing 
gradually  in  amount,  the  last  day  8  diet  being  178  gnns.  me»t.^3.  Alter  a  very  nm 
diet  of  l.ftOW  grms,  meat  und  260  grma,  fat  daily  for  7  days. — *.  After  aevend  daya  of  a 
diet  of  176  grms.  mtat  and  from  60-250  fut  daily,-— 6.  After  b^dn^ fed  lor aeveral daya 
with  maat  de^'niising  from  700  grms.  to  150  grms,  daily,  and  a  variable  qnanti^  of  fiit, 
and  for  the  last  two  daya  on  aWt  350  grma.  fat  only.  The  following  table  ahowa  the 
amount  of  urea  exereted  per  kilogramme  per  diem,  fbr  eaeh  day*  The  duration  of  eodi 
experiment  varied  oonaideiably. 

First  day 

Second  aay  * 

Third  day  . 

Fourth  day  . 

Fifth  day  . 

Sixth  day  . 
Seventh  day , 

The  escretioo  of  urea  per  ] 
Meh  caM  waa  — 

Lai<t  day  but  one  « 

Idiat.  day 

From  these  figurea  it  ia  dear  that  there  was  io  the  case  of  this  dog  no  constant 
rutio  of  uroji  to  body-weight  at  all.  It  ia  true  thut  in  none  of  tlic  eiperimenta  waa 
the  prriod  of  inanition  ao  prolonged  an  in  Bidder  and  Sehmidfs  experinibnt,  and 
tbert^fure  the  possible  eflect  of  food  stiZl  contained  in  the  bmly  not  so  thoroughly 
eliminated.  But  in  the  cat  the  constant  ratio  waa  reached  on.  the  second  or  at  fartnejit 
the  thinl  day,  and  in  the  dog  theamonnt  of  urea  paaaed  daring  the  two  days  preceding 
inanition,  ahowa  that  in  no  caee  conld  the  urea  of  the  aeeond  or  evi-n  first  day  of 
hunger  be  supposed  to  have  arisen  to  any  great  extent,  directly  ttom  the  food  of  the 
previous  day**.  Bidder  and  Schmidt  believed  the  typical  amount  of  urea  paaaed  during 
starvation,  Ik^Kpeaking  the  typical  amount  of  nitrogeneona  tiaifine  undergoing  metamor- 
phosis, to  he  determined  by  the  typical  amount  of  vital  force  necessary  for  the  austen- 
auco  of  life.  The  immense  diffeience  between  '92  and  *14  occurring  in  the  aame 
iinimal  with  surrounding  circnmstanees  nearly  the  same,  and  therefore  most  pro- 
biibly  with  the  wime  demand  for  the  exercise  of  the  forces  of  life,  shows  veiy  clearly 
that  the  amount  of  metamorphosis  ought  not  be  considered  as  depending  solely  on  the 
ciill  for  the  mHJJift^RLlltion  of  vital  energjr.  But  if  so,  the  idea  of  th«?  tj|>ical  amount  of 
urea  mu^t  be  thrown  on  one  side,  and  consequently  the  theory  of  the  luxus-consiunption 
deprived  of  its  base*  On  the  other  hand,  if  we  reflect  that  in  series  Nos.  1  and  3  the 
dog  hail  lived  for  some  time  on  a  diet  afterwards  determined  to  be  very  effectual 
towards  the  storing  up  of  nitrogeaons  material,  in  No.  2  on  a  diet  less  efTectual  for  that 
purpose,  in  Nos,  4  ana  5  on  one  atill  less  ao,  and  that  therefore  the  amount  of  m'trogen- 
ons  muteriiil  or  fit  sh  in  the  body  of  the  animal  at  the  commencement  of  each  hunger 
experiment  mi^ht  be  placed  In  a  ItsstningMiries  in  the  onier  No,  3,  No.  1,  No.  2,  No,  4, 
No.  5,— the  results  obtained  tiyBischuf  and  Voit  might  fair! j- be  interprettHi  Ati  meaning 
that  the  amount  of  nr*a  excreted  per  diem  depends  directly  on  the  amount  of  nitrogen- 
oua  material  storeil  up  in  the  animal  as  flesh.  The  contradiction  betwiM  n  the  two  seta  of 
obaervaiions,  between  the  facts  of  Bidder  and  Schmidt's  cat,  and  tho»e  of  Blfechof  and 
Voit'a  dog,  requirea  explanation  ;  but  unless  there  are  serious  errors  in  the  actual  deter- 
minationa  of  me  latter,  it  is  difficult,  to  escape  from  the  conchisjion  that  all  the  nitro- 
genona  material  taken  id  aa  food  iloe:^  become  part  and  parcel  of  the  body,  is  re^lj 
assimilated  into  fleah  (using  that  word  in  the  general  sense  defined  abore,\nd  not 
ttmrbing  it,  as  Bischof  and  Voit  appear  to  do,  to  muscular  tisane)  before  it  undergopa 
metamorphtWits  inio  urea»  and  I  but  one  of  the  principal  laws  of  nntrition  is  that  th« 
amount  of  metaroori)hosis  of  flesh,  fating  place  in  the  body  at  a  given  lime,  depeodi 
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4irec!ly  upoti,  m  olhtt  words  is  a  function  of^  th<?  amount  of  flesh  tlier^in  prraent  Tfao 
YtitMilj  of  this  conclusion  in  nEsumerl  iu  nil  Bi«.'hof  aud  Volt's  mibfi^quctit  iurestiga- 
tious»  and  thus  foriiiB  the  busia  of  their  other  re«ultH,  which  ore  us  follows.  It  will 
be  rememherod  that  theso  obaorvere  have  left  room  for  errors  by  not  determining 
direct  1 J  the  carbon  of  the  egesta.  Th©ir  practice  of  always  reckoning  the  nitroeonous 
Ttmttfriiil  of  the  body  as  wet  muscle  only  leads  also  in  ull  probability  to  additional 
inuecuracies,  and  throughout  the  whole  of  their  researches  an  element  of  uncortaintj 
iti  introduced  through  vari&tions  in  the  nutritive  power  of  the  animal,  both  as  regards; 
dmracter  and  amoimt^  caused  by  the  dit'^t  itt^elf,  and  well  fsecD  when  a  change  is  mado 
from  one  kind  of  food  to  another.  Thiij^  with  the  same  rations^  Tiz.  1,8(10  gnna.  meat^ 
the  dog  on  one  oecosiion,  after  living  for  the  previous  forty  days  on  bread,  gained  in 
bodily  weight  at  the  rate  of  leas  than  1  grm.  per  kil.  per  diem;  at  another  time,  aftcp 
three  days*  hunger  foUowiog  an  insufficient  meat  diet,  he  gained  at  the  rate  of  over  2 
grms.  per  kil.  per  diem ;  ou  a  third  occasion,  after  a  long  suspension  of  the  experi* 
menl,  auring  which  be  lived  after  the  manner  of  dogs  hi  general,  he  lost  at  the  rat« 
'S6  grcn-  per  kil.  per  diem. 

The  first  series  of  experiments  were  made  with  a  diet  of  meat  alone.  The  first  and 
chief  effect  of  meat  taken  as  food,  was  s  riae  in  the  amount  of  urea,  ths^t  is  to  say  an 
itiero&8e  in  the  metamorphosis  of  desb.  Supposing  tlmt  at  the  time  of  giving  the  food, 
the  dog  wxis  already  ill -led  and  losing  in  bodily  weight,  the  efiect  of  a  small  quantity 
of  rueivt  wus  such  an  increase  in  the  met-amorphosis,  that  the  tmimal  stored  nothing  up 
but  contitm«d  to  lose  in  weight.  An  inereai*e  of  the  meat  ration  similarly  increased 
tho  mf'tamorphosis  and  similarly  permitted  the  loss  in  weight.  A  farther  increajw 
u  11  ted  in  ihe  mmf  way.  But  tliis  was  observed,  that  with  a  aaecessioo  of  equal  inere^ 
intents  of  food,  tho  increments  of  metamorphosis  successively  dimimshed.  Hence,  by 
c^jutiuuin^  the  increase  of  food,  a  limit  was  at  last  reached,  at  which  the  increase  of 
metamorphosis  ceased.  The  animal  might  th«n  b4>  said  to  be  in  a  condition  of  equili- 
brium, the  ingesttt  and  egetta  btthiuciug  each  other.  Such  a  stute  of  things  waa 
ebtabliiihed  in  Uischof  und  Voit's  dog  only  whru  the  amount  of  meat  consumed  as 
food  WAS  equid  to  about  ^  to^  of  the  total  weight  of  the  animiil.  Beyond  that  point 
kui  increase  of  foc»d  was  stored  up  as  incre^ise  of  bodily  weighL  But  in  a  very 
short  time  after  such  a  gain  in  weight,  the  totality  of  the  processes  of  the  economy 
accomm,odated  themBelveatothp  new  ijtateof  things,  to  the  increased  mass,  and  thereby 
gave  rise  to  an  increase  of  met  amor  phusis.  To  supply  thi*$  increase  of  metamorpbosis 
A  further  inci'eaye  of  food  wes  required,  and  so  another  equilibrium  was  establidlicd  on 
a  higher  platform,  so  tu  speak,  of  wa?*ttf.  On  »till  further  addition,  the  same  {iroeeM 
was  gone  through  again,  until  the  animal  refused  to  eat  the  rt^quired  qniintity  cf  food. 
Jjosa  of  weight  of  course  then  occurred,  with  a  reduction  of  the  t-quilibrium  to  a  Iowit 
lereL 

The  cfluse  of  the  successive  diminnlion  in  the  increments  of  metamorphoeis  caused 
by  snccessiTe  augments  of  the  food^  is  to  be  sought  for  in  the  approximatively  coni^tanl 
QUatttity  of  ojcjgm  present  in  the  blood  for  the  purposes  of  oxidation.  We  have 
therefore  three  things  to  notice.  First  an  amount  of  metamorphosis  proi>er  t«  the  fiesh. 
Secondly,  an  increase  in  metamorphosis  duo  to  the  presence  of  food.  Thirdly,  a 
government  of  the  metamorjihosis  by  the  oxygen  of  the  ttystem.  In  other  words,  the 
tnetamorphoaiB  Is  a  function  of  three  factors — one,  aconBtuQt(orapprozimatively  such), 
the  olJier  two,  variables— viz.  Oxygen,  Flesh,  and  Food,  or  as  Biichof  calls  it,  Fksma, 
Blastema.  The  next  S4  rie^  of  experiments  was  conducted  with  meat  and  fat,  and  with  fat 
alone.  It  was  found  that  the  addition  of  fat  to  a  meat  diet  afiectcd  the  body  in  two 
difiereul  ways.  Ou  the  oue  haud^  fat  not  only  did  not  prevent  by  its  presence  that 
increase  of  nietainorphoeis  which  bid  prt'viously  been  observed  to  follow  upon  an 
jucrease  in  the  quantity  of  meat  consumod,  but  was  itself  a  cause  of  increase,  inas- 
much as  it  added  to  the  mass  and  internal  lat>our  of  the  economy.  On  the  other  hand, 
apparently  ftx^m  its  greater  readineps  for  oxidation,  it  preoccupied  the  oxygen  of  tho 
system,  and  so  sheltered  the  fli'*ih  from  oxidation  and  metiimorphosis.  Hence  tho 
additiou  of  fat  to  meat  as  foud  lowered  tho  platform  at  which  metamorphosis  was 
arrested  for  want  of  oxygen  and  an  equilibrium  estiiblishtHl,  One  third  or  one  fourth 
only  of  a  quantity  uf  meat  required  for  an  equilibrium,  when  meat  alone  was  giiren, 
was  nerHiea  when  ful  was  added  to  it. 

Sugar  and  titcvriL'h  were  found  to  act  Teiqr  much  in  the  same  way  as  &t,  except  that, 
apparently  by  reason  of  tho  greater  facility  for  oxidation  possessed  by  sugar,  eqiuli- 
brium  wan  ei^tablis^hed  with  even  a  less  expenditure  of  me^t  than  wu  the  case  witli 
laL  A  simihir  conclusion  maybe  drawn  from  the  results  of  the  system  of  Mr.  Banti  ng. 
The  experiments  of  H  e  n  n  eb  erg  and  3 1  o  h  m  a  n  n  on  oxen,  conducted  in  a  very  similar 
tnanner  to  those  of  Bischof  and  Voit,  the  carbon  of  the  egesta  being  cnlculsted,  not 
diroetly  di-termined,  aiv"  intereeting  as  **howing  that  the  herbivorn  are  sulyect  to  the 
iame  law;^  of  nutrition  as  the  carnivuru.  These  obi^erTcrs  fouud  that  in  the  ox  the 
isctamurphosis  wae  ti  function  of  the  flesh  ;  that  it  was  increased  with  uu  increase  of 
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prot*m-(mliit«iiee  in  the  food*  the  incfenifitit  of  the  inrt/imorphoflis  snec^'asivfl  v  diminish- 
mgt  howcTCT,  with  mieceaiiye  Inereiac^  of  proteiti  food,  so  that  at  lust  cm  r<juifibriiim  wtia 
established ;  that  the  addition  of  non^nitrngenons  muloriftl  to  the  food  lowi^rpd  in  pro- 
portion to  it«  amonnt  the  qTinntity  of  ppr>t*^in-»nb«tnnce  n^e&snTj  for  the  eotahliili- 
ment  of  that  #<jnilibriiim  or  forthr  ulonng  up  of  liodily  weight.  Am  might  he  eip<?ct«»d, 
the  araount  of  protcin-ffub^tiiDce  n«?<»»8aiy  for  an  equilibrium  under  any  circmD»t»ncf^ 
w*«  far  Jess  than  that  r^uired  by  the  dog. 

Mftn,  Bt&nding  io  to  ipeak  between  eiirniTora  and  herbivorti,  has  been  studied  by 
Banke  with  veiy  similfir  peBults  (Rajike  in  many  of  his  experiments  directly  deter- 
mined the  carbon  of  egestn  in  Pettonkofer^  oppwmtna^  He  nhio  found  that  the  rncta- 
moiphoiis  wi»  A  function  of  the  flesh  of  the  bodjj  that  it  waa  altto  a  functiou  of  the  fo<jd 
or  Blwtcmu,  being  Urgely  increated  by  a  meat-diet*  Contrary »  howeyer,  to  tb© 
azp«ri€^ce  tx)uchiug  the  df)g*  he  was  unable  to  reach  an  equilibriuna  when  f»*pding  oti 
meat  alone.  While  eating  the  largest  awount  of  meat  posaible,  vix.  1,800  gnn»-,  he 
atill  lost  weiffht  He  rooreoTer  found  that  the  aildition  of  fatorfltarch  to  food,  rend»^nd 
ea^  the  establiahment  of  an  e^^uilibrinm.  The  concordaace  of  the  results  of  these 
dilKT«nt  obtiervera  speaka  stronigly  fof  the  probable  correctiiew  and  worth  of  theee 
"  lawB  of  nutrition." 

In  the  aboTe  statement,  metaraorphoBis  generally,  aud  melamornhosis  of  flesh,  hare 
been  uaed  indiscriminately  on  the  ground  that  the  latter  is  rurally  the  chief,  central  and 
dflfearminin^  part  of  the  whole.  It  remains  to  determine  how,  when  equilibrium  haa 
been  eetiiblished,  and  a  storing  up  commenced,  the  elomenta  of  fiesh,  fat  and  water  ar^i 
diitiibutcd  in  the  increase ;  similarly  also  how  they  are  related  to  each  other  in  a 
dacrcaae  when  that  occurs.  The  concluaioiw  arriyed  at  wlien  the  carbon  waa  calculated, 
instead  of  being  oheerved,  muHt  of  course  be  receiTed  with  caution, 

Accordiog  to  Biachof  and  Voit^  when  an  animal  is  ill-fed  with  meat>  he  loaea  not 
only  flcfih  bot  alao  fat  from  his  body.  With  an  increasing  diet  of  meat,  and  aceom* 
paiiying  increase  of  metaniorphofiis,  the  loss  of  fat  lessens,  and  finally  cease^^  with  tha 
t'Multlishment  of  fquilibriitm,  Pettenkofer  and  Voit  hare  moreoref  shown  that 
with  a  rich  meat-diet,  when  there  is  a  balance  between  the  nitrogen  of  egcsta  and 
iagesta,  there  is  most  pribably.  judging  from  the  retpution  of  oirbon,  a  rery  conside- 
nible  storing  up  of  fat.  The  sa m e  p«^s^u It  w:i»  also  arrived  at  by  B  i  d  d  e  r  and  Schmidt 
It  is  only  intelligible  on  the  hyp'jthesis  that  the  metamorphoaia  of  flesh,  like  Bidder 
and  Schmidt*^  mctamorpho^ii^  of  blastema,  consisU  in  the  splitting  up  of  protein 
into  a  nitrogenous  and  a  hydrocarbonona  poxlion.  Kanke,on  tne  contrary,  found  that 
with  the  largci^t  mcat-dii't  |X>Mible,  be  still  coninimed  fut  while  he  stored  up  fletth,  with 
a  total  result  of  loss  in  Wfight  owing  probably  to  a  giring  ofiT  of  water.  The  addition 
of  &t  to  food  oatttraliy  lessened  the  consumption  of  the  fat  of  the  body,  and  if  in  FufScient 
qnaotity^  arrested  it  or  eren  led  to  a  storing  up  of  fat«  It  was  also  found  that  when, 
with  a  giren  quantity  of  fat,  the  amount  of  meat -food  was  pushed  beyond  what  waa 
neoeeaaiy  fbr  an  equilibrium,  and  the  flesh  of  the  body  consequently  increased,  with  a 
proportionate  increase  of  meljmorphosiH,  such  an  excess  of  nitrogenous  material  under- 
going metamorphosis  was  at  last  arrived  at,  that  it  preoccupied  the  oxygen  of  tho 
system  to  the  ejtclusion  of  the  fat.  The  fat  of  the  body  was  retained  and  that  of  the  food 
atondnp  in  presence  of  a  large  unnecessary  nitrogenous  metamorphosis.  The  same  re«utt 
was  also  obtained  byHenneberg,  and  illuNtratea  the  uaelessne^s  of  attempting  to  in- 
croue  the  casein  of  milk  by  ffiTtng  protein -food  beyond  a  certain  limit.  B  i  h  c  ho  f  and 
Voit  found  sugar  and  8tar»i  ahK)  to  spare  the  constimplion  of  fat,  but  the  dog  was 
found  unable  to  digest  such  a  quantity  of  sugar  as  might  be  supposed  sufiioieut  to  cover 
the  total  wai^te  in  fat  and  lead  to  a  storing  up  of  it»  He  n  neberg  however  found  that 
this  was  extremely  e^sy  in  the  ox,  a  fact  which  has  been  largely  shoniii  by  tiia 
researches  of  La  wcs  and  Gilbert  These  last  observers  indeed  fuund  the  storing  up 
of  fat  to  form  so  large  a  ^hare  of  the  total  result  of  the  gnnend  feeding  of  auimalM  for 
the  butcher,  that  they  were  led  to  consider  butcher's  meat  in  its  totality  not  as  iiitpo- 
genotts  but  as  hydrocarbonoua  food.  Their  results  have  a  peculiar  value  inasmuch  as 
Uiey  were  obtained,  not  by  calculating  back  from  the  excreta,  but  by  the  actual  analysis 
of  several  typical  specimfim*,  and  by  numerous  determinations  of  weight  serving  as 
data  for  comparisons.  The  e:fl^t  of  ordinary  fattening  food  upon  the  fiesh,  &t 
and  water  of  the  bodies  of  oxeUj  sheep  and  pigs  is  illustrated  by  the  following  table : 
Calculated  c&mpotitwn  q/"  100  inertaae  mhiUt  fattating, 

Mincrat     Dry  nltrorenmli 
matter. 

ATeiige  for  98  oxen       .  .  .1*47 

AYenge  for  3-18  sheep    .  .  .     2-34* 

Average  for  BO  nigs         *  .  .     0  06 

A  fat  pig  actnally  analysed  ♦  ,       hZ 

♦  Too  blffh  ftwinc  »o  Unr\^t\  tn*ltrri»  In  woot* 


TnUtdrr 


compoundt. 

rai. 

tutHUn 

7-69 

6«'2 

764 

M3 

704 

79*» 

644 

715 

780 

776 

631 

71-4 
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The  relation  between  the  amount  of  metamorphosis,  and  consequently  of  the  storing  np 
or  increase,  and  the  Tarions  elements  of  the  food,  was  thus  foimd  to  be  as  follows.  With 
sheep,  the  amount  of  dry  nitrogenous  material  stored  up  in  the  body  for  every  100  pts. 
of  the  same  consumed  as  food  was,  on  the  average,  4'41 ;  of  non -nitrogenous  material, 
that  is  fat,  stored  up  for  eveiy  100  pta.  of  non -nitrogenous  substance  consumed  as  food, 
the  quantity  was  9*4,  the  remainder  in  each  case  beinff  either  not  digested,  or  lost  in 
metamorphosis.  With  pigs  the  numbers  were  7*34  and  21-2  respectively,  the  largeness 
of  the  numbers  being  due  in  part  at  least  to  the  pigs'  food  being  more  digestible.  The 
same  facts  may  be  placed  in  another  light*  Thus  with  sheep,  for  every  100  pts.  of 
the  total  dry  matter  of  food  (mostly  oil  cake  and  clover)  there  were  ston-il  up  72  of  dry 
nitrogenous  material,  7*13  of  fat,  and  -02  of  mineral  matter,  91*94  being  lost  in  diges- 
tion or  in  metamorphosis.  With  pigs,  feeding  on  bran,  beans  and  meal,  the  numbers 
were  1*44,  16*81,  '02,  82'73  respectivdy.  It  is  worthy  of  notice  that  these  independent 
observations  may  be  interpreted  as  agreeing  very  closely  with  the  general  results 
described  above,  namely  that  increase  of  nitrogen  means  increase  of  metamorphosis, 
and  that  an  amount  of  nitrogen  in  fattening  food  beyond  a  certain  limit  does  not 
end  in  storing  up  of  flesh,  but  in  an  augmentation  of  nitrogenous  metamorphosis  with 
lessened  waste  of  fat  That  fat  was  actually  formed  in  the  body  is  clearly  shown  by 
the  fact,  that  for  100  pts.  of  fat  as  such  consumed  in  food,  firom  405-472  pts.  of  &t 
were  stored  up  as  increase.  No  marked  difference  was  observable  between  sugar  and 
starch  as  fat-storing  constituents  of  food. 

Bischof  and  Voit,  experimenting  with  gelatin,  found  that  a  large  addition  of  that 
substance  to  a  meat-diet  led  to  a  storing  up  of  flesh  but  a  waste  of  fat,  when  the 
quantity  of  meat  consumed  with  the  selatm  was  such  that  either  with  it  alone  or  with 
fat  besides  there  was  no  storing  up  of  flesh.  It  was  hence  inferred  that  gelatin  really 
does  to  a  certain  extent  take  parr  in  the  metamorphosis  of  flesh,  and  does  not  simply 
shelter  the  flesh  by  preoccupying  the  oxygen  after  the  manner  of  &t  So  large  an  amount 
of  gelatin,  however,  was  necessary  for  wis  purpose  as  to  explain  why  animals  fed  on 
gelatin  alone  could  not  thrive. 

Our  knowledge  of  the  history  of  each  alimentary  principle,  as  it  passes  through  and 
among  the  metamorphoses  sketched  abov^,  is  necessarily  very  imperfect,  and  will  be 
more  fitly  put  in  the  way  of  question  than  of  statement  What,  for  instance,  is  the  history 
of  sugar?  Is  it  absorbed  into  the  blood  and  at  once,  if  required,  oxidised?  If  the 
surplus  is  stored  up  as  fat^  how  docs  it  become  fat?  Is  the  fat  which  is  stored  up  by 
reason  of  the  presence  of  the  surplus,  really  and  truly  that  same  sugar  exchanged  into 
fat,  or  did  the  sugar  step  into  a  metamorphosis,  and  by  a  sacrifice  of  itself  turn  off  in 
fat  certain  elements  which  would  otherwise  have  followed  another  path  ?  Questions 
such  as  these  pertaining  to  eadi  alimentary  principle  spring  up  in  abundance,  but 
their  solution  belongs  rather  to  physiology  in  general  thiui  to  nutrition  in  particular. 
We  may  mention  a  few  experiments  only  which  seem  to  suggest  that  the  complexity  of 
the  changes  taking  place  in  the  economy  is  rather  imder  than  overrated  in  our  present 
accepted  doctrines. 

Itis  well  known  from  the  experiments  of  Re  gnault  and  Reiset  that  the  proportion 
of  oxygen  fixed  in  respiration  which  reappears  with  the  carbonic  acid  of  the  egesta 
varies  according  to  the  food,  beinff  greater  with  the  carbo-hydrates  than  with  the 
hydrocarbons.  Pettenkofer  and  Vo it  observed,  however,  that  in  their  do^,  when 
feid  on  flesh  with  sugar  or  starch,  the  amount  of  oxyeen  in  the  carbonic  acid  considerably 
(127  to  100)  exceeded  the  total  amount  of  oxygen  fixed  in  respiration.  This  was  coin- 
cident with  the  appearance  of  free  hydrogen  and  marsh-gas  in  the  respiration  chamber. 
Guided  by  the  investigation  of  Planer  on  intestinal  gases,  they  came  to  the  conclusion 
that  the  starch  and  sugar  suffer  within  the  alimentary  canal  a  sort  of  fermentative 
decomposition,  by  which,  as  in  vinous  fermentation,  a  quantity  of  carbonic  add  is  gfven 
off,  in  the  production  of  which  the  oxygen  of  the  atmosphere  has  had  no  part  This 
observation  shows  strongly  that  the  amount  of  carbonic  acid  in  the  egesta  is  no  true 
measure  of  the  oxidation  of  the  body,  and  therefore  of  the  generation  of  force,  as  has 
generally  been  supposed  to  be  the  case. 

■  It  is  curious  that  Grouven,  working  through  the  derious  and  dangerous  path  of 
elaborate  analyses  and  still  more  elaborate  calculations,  should  have  come  to  a  very 
similar  conclusion  with  re^rd  to  the  fate  of  the  carbohydrates  consumed  as  food  by 
oxen.  lie  attempted  to  estimate  the  "  nutritive  value  "  of  various  alimentary  principles, 
btarch,  sugar,  gum,  &c.,  &c.,  by  mixing  known  quantities  of  them  with  a  fixed  ration 
of  straw,  and  then,  having  calculated  the  changes  that  had  taken  place  during  a  given 
time  in  the  body  of  the  animal,  gain  or  loss  of  fiesh,  fat  and  water,  compared  the  rsfolts 
with  the  previously  determined  effect  of  the  straw-ration.  He  found  that  his  focts  only 
became  intelligible  on  the  hjrpothesis  that  within  the  alimentary  canal  the  carbo- 
hydrates were  split  up  into  two  sets  of  bodies,  one  rich,  the  other  poor,  in  oxygen ;  that 
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ib/f  farmer  vere  tii»>wn  off  uquim^  while  the  latter  were  absorbM  aad  probably  were 
ttmrertifd  into  fat  He  goes  even  no  far  as  to  deduce  from  hii»  elemeoUfcry  calcm&ttons 
tbp  formulse  of  the  dumge.  Thus  Ktai^h  gari^  me  to  glyceric,  butyric,  and  tai!tic  actdSj 
were  AsaimiLitM.  and  carbonic  acid  and  marsh-gaft^  which  were  at  once  excreted, 
results  are  perbapa  of  more  value  as  proTocatiye  of  ^tare  researchea  than  as  being 
lemaelTrs  tnMi.twoi1hy  fcicta  ;  but  at  least  they  point  to  poaaibihticaj  both  of  digec- 
and  natrition,  not  m  jet  fully  recognised. 
The  reiulta  described  abore  tis  law«  of  nutrition  r^fer  to  what  hare  been  called 
force >genenfttore.  The  Uws  belonging  to  the  force-regolaton  are  so  complex,  so  little 
understood  at  pre#ent^  and  consequently  so  much  debittedf  that  it  m  thought  better  to 
omit  the  conaiaeration  of  them  altogether. 

Some  sobstanceai  aucb  aa  alcohol,  can  perhaps  hardly  be  regarded  as  of  settled  poaitioa 
whsthsr  among  the  geDeratora  or  regulators ;  otherst  tea^  oo^ae,  salt«  Sec.,  haTe  lilLewiae 
bean  tlie  subjectfi  of  much  reaearch  and  debate.    (See  Smith,  Voit,  Scc^  &c.) 

While  the  atatical  part  of  the  subject  is  of  coime  of  moat  interest  in  reference  to  tha 
nntntion  of  animals  destined  to  be  slaughtered  for  food,  the  dynamical  partis  of  moat 
importiuice  when  the  nutrition  of  man  is  considered.  What  kind  of  food  is  best  adapted 
lof  the  development  of  moscular,  what  for  ncnrons  fon^?  are  the  most  fundaDent;il 
|lloblem»  of  physiology.  Previous  to  entering  into  detail^  however,  an  inquiry  tilioiild 
M  made  (if  for  nothing  eW,  at  least  for  the  sake  of  justifying  the  asHumptiou  of  the 
a{>plicabiUty  of  the  conjserratioa  of  forces  to  the  living  frame)  between  the  total  income 
and  total  expenditure  of  faree»  Tliis  will  be  most  conveniently  done  by  reducing  both 
to  units  of  beat.  The  determination  of  the  total  amount  of  force  expended  within 
a  given  time  by  an  animal  body  is  a  comparati%'ely  easy  task.  For,  dtvene  as  are  the 
various  manifestations  of  force  within  the  economy,  they  are  all  reduced,  befuro  they 
leave  the  body  as  expended  furee^  into  two  modes  onl^,  namely  heat  and  median ieai 
efivct,  the  quantitj'  leaving  the  body  tie  electricity  being  probably  exceedingly  smalL 
Thus  all  the  various  forces  which  we  class  together  under  the  name  of  nervous  force 
roeaUe  themselves,  after  all  their  multitudinous  wanderings  and  tn&Dsformations^  into 
heat„  except  the  minute  frdction  which  may  be  supposed  to  be  carried  on  into  muscular 
action,  and  so  to  find  its  exit  as  mechanical  effort  Muscular  action  too  loses  itseljf 
partly  a»  mechnDi-al  effect,  but  to  a  much  greater  amount  probably  aa  heat.  AU 
aacreiive  or  nutt-itive  iiction  ii^j^ain  goes  cot  as  heat.  Heat  and  mechanical  movement 
an)  in  fact  the  only  true  t^ectm  of  the  naiiiiRl  body.  Whatever  does  not  go  out  in  the  one 
form,  issues  in  the  other.      Two  oniomla,  Uving  on  the  same  fbod,  and  subject  to  the 


same  metamorphosis,  will  rise  to  the  same  amount  of  actual  energr,  and  yet' in  the  one 
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a  laige  a-monnt  of  that  ener^  may  assume  the  form  of  mechani(»l  eflect^  while  in  the 
other,  no mnscnlar  exertion  bf^nd  made,  it  neiirly  all  ^es  out  aa  mere  heat,  which,  boing 
dissipated  as  soon  as  generatiL^a,  causes  no  alteistion  in  the  animal*s  temperature. 
Hence  if  we  estimate  t£a  total  mechanical  effect  of  any  animal  during  n  given  time,  and 
the  total  amount  of  heat  given  off  at  the  same  time,  we  shall  obtain  the  total  amount 
of  expended  force.  This  pay  readily  be  done  by  placing  an  animal  tn  a  calorira*  tnr, 
with  a  trend- wheel  for  determining  the  mechanical  effect.  By  reducing  the  m^hniiical 
effect  to  units  of  beat,  and  ndding  them  to  the  number  of  units  of  heat  denoted  by  the 
calorimeter,  we  arrive  at  the  total  expeod^^  force  estimated  in  unit^  of  hei^f.  A 
calorimeter  is  donbtlens  not  a  proper  home  for  an  animal,  and  therefore  probably  tJie 
result  of  the  experiment  will  not  give  iw?cunitely  the  normal  eiijenditure  of  the  natural 
animal,  seeing  how  sengitive  and  resfKjtiEive  in  all  its  parts  is  the  animal  economy  to 
variations  of  temperature.     Yet  it  cannot  be  far  from  the  truth. 

The  estimation  of  the  total  force  of  the  income  is  a  much  more  difficult  task.  The 
units  of  heat  given  off  by  the  combustion  of  each  articlp  of  food  have  to  be  determined, 
and  fW}m  their  sum  total  has  to  be  drductrd  the  number  of  units  of  heat  still  obtainable 
from  the  incompletely  oxidised  portion  of  the  excrt-ta  belonging  properly  to  the  food 
in  question.  Unfortunately  this  ut  pre*eiit  has  not  Ijcen  accomplished.  It  has 
generally  been  deemed  suffiej*  nt  to  ctilculttl^i  the  latent  energy  of  any  altmentaiy 
substance  from  the  units  of  heut  given  off  by  the  combustion  in  annncombined  state, 
of  its  carbon  and  free  hydrogen.  TIris  however  (see  Hbjit)  leads  to  a  result  which  we 
may  safely  asMime  a*  l>eing  incorrect,  without  knowing  how  far  it  errs  from  the  truth. 
Hence  the  failure  of  Dulong  and  Dt^spretj!  to  obtain  a  balance  between  the  actual 
heat  giivn  off  by  an  animal  during  a  given  time,  and  the  amount  calculated  as  due  to 
the  quanrity  of  carbon  and  hydrogen  presomed  to  have  been  actually  oxidised  in  the 
system  during  that  time,  cannot  be  regarded  as  any  argument  against  the  possibility  of 
obtaining  such  a  balance  wUh  great  exactitude  if  more  correct  methods  were  employed. 
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Ufeing,  howPTtT,  sueh  impotf*H?t  nieaiia  in  tJio  absence  of  better  ones,  Helrobolts 
calcainteia  thiit  &  man  of  82  kilogrms*  veight  expends  in  24  boun  2,700,000  imita  of 
faeiit,  of  which  26  per  cent.  go«i  to  wanning  the  food  and  drmk«  2*6  por  cent,  to  warming 
the  air  of  rpj^piration,  147  percent,  is  lost  in  the  ^raporation  of  water  through  the 
loogs,  the  remainder  77  6  p^r  cent,  buing  dLBtributfd  over  loss  by  urine  and  fsMieo,  eya- 
ponittion  from  ^kin,  radiiitiou  and  eouduction  &om  si'rfkc^,  and  mi>o!mnical  effect* 

Lu  d  vig  ctilculatea  the  mecbamcal  eifect  of  a  good  day  a  work  to  be  equiraJfiDt  only 
to  220,930  units  of  heat. 

Still  more  difficult  is  the  taak  of  tracing  backwardE  to  the  food  or  onwards  to  the 
excretA,  any  of  the  spoc'ial  kinds  of  force*  at  work  within  the  economy^  To  take  for 
ijvt<t,ineo  muscular  force,  tk&  one  of  the  simplest,  it  may  be  a^ked,  which  elemeota  of 
food  contribute  solely  or  chiefly  to  its  prodaction^  and  which  of  the  elements  of  the 
egesta  m:ty  be  taken  as  the  index  of  its  occurrence.  The  Rev.S,  Haughton  (Dublin 
Quarterly  Medical  Jonrnal^  1859«  1660).  taking  it  for  granted  that  the  nitrogr^n  of  the 
urme  and  ^eices  represented  the  whole  muscular  or  mechanical,  nravouu  or  mental, 
and  nutritive  or  vit*d,  work  of  the  economy,  while  the  remaining  excreta  answered  to 
what  he  calls  the  optut  caloriJie«m,  made  the  following  inTestigation,  Having  det«r* 
mineil  the  daily  excretion  ptr  anum  ft  vtMcftm  of  nitrogen  reckoned  a«  area  in  a  senes 
of  men  of  diiftreut  bodily  weights,  performing  different  mechanical  work,  undergoing 
different  mental  Libour,  he  was  enabled  to  confltruct  a  series  of  equations,  which  he 
eolTed  for  certain  Taluea  which  it  was  deHirtnl  to  know.  He  thus  calculated  that  800 
grains  of  urea  represent  the  dailj  nutrilive  work  of  ft  man  weighing  150  Iba.]  that  IBB'6 
grains,  of  urea  represent  the  cinscular  force  required  to  lift  ISO  lbs.  tJiroiigh  one  mile^ 
a  hard  day's  work  ;  that  222  grains,  of  urea  represent  the  daily  mental  exertion  of  a 
man  of  business.  It  need  hardly  be  said,  howeyer,  that  the  assumptions  on  which 
theae  calculations  are  bas4*d,  are  open  to  grave  objections. 

In  dealing  with  the  statics  of  this  subject  the  word  flesh  was  used  to  denote  the  total 
protein-substance  of  the  body.  And  it  wa.«)  only  tn  this  wide  sense  of  the  word  that 
urea  Wrts  considered  ns  the  rcfult  of  t  he  meiamorphosis  of  flesh.  It  is  true  that  Bischof  and 
Voit  Ufie  th<*  same  word  flesh  us  t-ynomymous  with  muscle,  but  such  nn  assumption  resta 
on  no  hsKBis  of  facts,  AUhnugh  the  nervous  system  in  Bidder  and  Schmidt  and  Choasat's 
experiments  seemed  to  suflT"r  but  lirtle  waste  in  ionnition,  we  cannot  for  that  reason 
conclude  tliat  during  life  it  BuflTers  little  motamoqahosis.  On  the  contrary,  it  is  impos- 
sible, with  the  general  views  by  which  we  are  judging  the  whole  subject,  to  think 
otherwise  than  that  where  there  is  apparently  so  much  production  offeree,  there  ahoold 
also  be  much  change.  And  as  far  as  the  clmnges  in  the  nervous  tissue  sunplicate  the 
protein  substances  therein  contained,  they  must  be  considered  as  giving  rise  to  urea. 
Ill  the  liver  again,  in  the  glands,  and  in  all  the  other  oi^gans  which  we  may  call  the 
natriti  ve  organs,  we  must  also  (in  ^iddition  to  t  he  changes  supposed  according  t4>onetheofy 
to  occur  in  the  digested  toMjd  as  it  passes  through  or  comes  in  counect:ion  with  thotw 
OiTgana  in  the  blood  current)  suppose  considerable,  it  might  almost  be  said,  excessive 
TiTietumorpboeis  to  take  place,  which,  in  so  4Hr  as  it  is  nitrogenous,  will  also  produce  urea. 
Hpnr«  tEie  total  amount  of  urea  cannot  be  taken  as  an  index  of  thn  metamorphosis  of 
muscular  tissue  only.  Nor  can  we  fairly  assume  that  even  a  large  purtof  it  is  to  be  so 
ncardiMl  It  may  be  urged  thut  muscular  tissue  fcrms  a  large  part  of  the  total  protein- 
substance  of  the  body,  that  wp  liave  every  reason  to  believe  that  it  suffers  great  and 
rapid  changf-s.  But,  we  possess  no  azact  information  as  to  how  lange  a  share  in  its 
metamorphosis  is  taken  by  its  mtrogenous  constituents  alooe^  and  on  the  other  hand  wo 
are  similarly  ignoraiit  of  the  inteu^ity  of  nitrogenous  traasfonnations  in  the  other  oigans 
of  the  body.  It  is  trtie  thiit  in  mu!<culdr  tissue  we  find  ereatine  and  craatmi&e^  and 
there  is  some  reason  for  Wlicvingthut  they  (one  or  both)  are  increased  during  muscular 
contraction  when  metamrjrphn<iis  i»  presumed  to  be  incretised;  but  the  phjnsiologicBl 
connection  between  creatiniao  or  creatine  and  uroji  has  not  yet  been  fully  traced.  On 
the  contrar>%  there  are  not  wanting  facts  indi<aiiting  the  closest  bonds  between  urea  and 
thtj  liver,  8o  marked  indeed  are  they  that  the  action  of  the  liver  has  been  called  in 
to  assist  the  theory  of  the  luxus*con*inmption,  on  the  idea  that  the  changes  taking 
place  tliere  belong,  not  exactly  to  the  liver  itself^  but  to  the  blood  in  the  liver.  On  these 
points,  however,  our  information  is  exceedingly  imperfect* 

PhyiiTologisU  perhaps  err  in  being  apt  to  regard  the  processes  of  the  animal  body  «ff 
too  simple,  too  straightforward.  May  not  urea  and  carbonic  add  be»  not  the  result  of 
a  splitting  up  and  facile  oxidation,  but  the  ends  of  a  long  aeries  of,  perhaps  back- 
waM  and  forward  changes,  so  that  the  point  or  place  where  each  is  first  detected  is 
ni»t  neoePSEirily  the  place  where  the  most  important  act  of  mi'tamorphosis  takes  place? 

If  it  is  difficult  tot'onuect  iireji  in  anj' special  manner  with«lho  metamorphosis  of  raus- 
cukr  tissue,  it  is  &ti11  more  difficult  to  connect  it  with  the  exhibition  of  muscular  fufce. 
If  urea  were  the  mast  important  product  of  muscular  metamorphosis  and  muscular  me- 
tamorphosis the  muni  important  source  of  urea,  then  since,,  during  muscular  contraction* 
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tlw  metamoi^bosiB  of  mascnUr  Biibfttaxic«  is  prevamed^  on  spparPDtlj  aatii&Gtory  grounds, 
to  be  lugelj  iDcrettsed,  the  amount  of  uren&bo  ought  to  be  Im^lj  iocreased  by  mtiscu- 
lar  ezflftioii.  It  is  true  that  under  this  Tiev  there  will  always  be  in  th«  ttrin<»  a 
toleviibbr  laig«  ponstant  qUAotity  of  urea  due  to  the  amount  of  muscular  <>xerttun  pm- 
plojed  in  Tij^ceral  moTfimeiitB,  which  varies  only  within  comparatively  ntirrow  limits. 
0ntmeh  an  amount  must  he*  fiiUj  overpowered  by  an  exceee  of  urea  due  to  violent  and 
loogeootinuf^fxerciae.  Obaerrationa  (Smith,  Voit,  Speck,  Lehmaiin)on  the  effect 
of  amienlar  exertion  on  the  excretion  of  urea  are  not  unanimous.  Yet,  even  when  allow- 
ance iaiiiad6  for  retention,  that  is  for  decrease  of  elimination  as  compared  with  decrease 
of  ft»rmation,  the  oondnsion  may  fiiirly  be  dniwn  that  exerdse  even  carried  to  exbaus- 
tion  produces  an  increase  of  urea  too  small  to  be  regarded  in  any  way  as  aa  eqniTiilent 
of  the  expended  mnscakr  ^rcc.  At  the  same  time  obeerren  are  equally  agreed  that 
mnscular  exertion  doea  produce  a  veiy  large  increase  in  the  carbonic  acid  of  the  cgesta. 
So  dearl?  did  this  come  out  in  the  experiments  of  Dr.  E.  Smi  th,  that  that  gentleman 
beheres  himself  jnstifled  in  recommending  an  addition  of  carbon  to  the  food  when  bodily 
exertion  is  called  for.  It  has  been  urged  that  Voit  and  others,  by  flimpl^  estimating 
the  tirea  (with  uric  add,  &c.)in  their  experiments^  have  left  open  the  possibditj  of  other 
nitrogenous  bodies  being  present  in  larse  quantities  on  such  occasion^  and  on  sudL 
occasions  only  in  the  tirine.  But  these  hypothetical  bodies  have  never  been  detected, 
and  the  possibility  of  their  existence  does  not  negative  the  fact  of  the  increase  in  the 
carbonic  acid.  It  must  be  remembered  however  that  there  is  in  the  Uving  muscle,  6?eii 
when  perfectly  at  rest*,  an  active  metamorphoaia  still  going  on,  resuldng  in  part  as  elec- 
tridty,  but  finally  as  heat.  Perhaps  even  during  ilic  very  act  of  contraction  (as 
distinguished  from  the  conditions  immedmUly  preee<ling  and  following)  there  is  not  so 
much  an  increa^  of  mebimorphosis  as  a  change  in  the  direction  or  form  into  which  tJi© 
energy  set  free  by  the  metamorphosis  is  converted.  If  so  the  carbonic  acid  would  be 
only  indirectly,  and  the  urea  not  at  aU,  an  indejL  of  the  amount  of  expended  forces,  while 
the  total  metamorphosis  of  the  muscular  system  would  measure  posaibilitiei  of  action 
rathi^r  than  actual  nchieveroenU.  When  we  reflect  that  the  animal  body  ronttidered as 
a  working  machine  i^  characterised  by  being  subject  to  sudden  calls  for  action  from 
every  quarter,  it  will  be  easily  understood  that  the  beat  state  of  preparation  for  emergen- 
cies is  not  one  in  which  there  in  a  mere  store  of  latent  enei^,  but  one  in  which  force  is 
continually  being  liberated  and  therefore  ready  at  a  moments  notice  to  be  turned  in 
any  particular  direction,  converted  into  any  particular  form.  This  of  course  implies 
that  for  every  mechanical  effect,  ti  large  iimount  of  fierce  is  spent  in  a  nou -mechanical 
manner,  and  therefore  apparenrly  lost.  But  so  nbundant  an^  the  resources  of  the 
economy  for  the  using  up  of  this  wasted  force,  that  According  toHoltnholtz,  while  the 
beat  steam-engine  loees  nine-tenths  of  the  total  power  of  its  fuel,  the  human  body  is 
able  to  convert  into  mechanical  effect  one-lifth  oJ  the  total  pow^r  of  its  food. 

Urea  then  cannot  be  taken  wifdy  as  a  mea^uro  of  mechduical  work  done  by  the 
body ;  with  still  less  safety  perhaps  can  it  be  taken  as  a  measure  of  the  mental 
woik.  And  as  it  is  imposi^ible  at  prt'seut  to  trace  the  various  members  of  the 
f^eatabadt  to  the  various  form.s  of  vital  force,  so  it  is  impossible  to  trace  tbe  latter 
back  to  the  various  constituents  of  food.  If  onn  general  view  of  the  whole  vital 
processes  can  be  regarded  as  more  likely  than  another,  it  is  perhaps  the  idea  that  the 
brute  force  of  the  economy,  so  to  speak,  is  represented  by  the  carbon  (and  hydrogen)  of 
its  food,  while  the  nitrogen  is  more  closely  conc<Tn«-d  with  internal  changes  by  which 
that  brate  force  is  converted  into  the  many  varieties  of  vital  energy. 

Playfair  argues  that  only  the  nitrogenous  alimentary  prindples  are  concern!^  in 
the  production  of  muscular  (and  mental?)  force,  and  ^ves  calcoklions  showing  that 
the  latent  ener;^  of  such  an  amount  of  albumin  as  la  usually  consumed  by  active 
lubotirers  is  sufficient  lo  account  for  the  actual  force,  both  of  the  internal  muscular 
nKvrements  and  of  the  external "  useful  work"  of  an  ordioaiy  man.  But  Car  nen  ter 
has  made  calculations  which  lead  to  an  exactly  opposite  conclusion  ;  and  Haugh  ton's 
equations,  as  far  as  they  can  be  trusted,  tend  to  support  the  view  that  tbe  force  of 
muscular  action  is  derived,  in  part  at  least,  from  the  nydro-carbons  or  carbo-hydrates 
of  food«  So  long  as  the  preaent  uncertainty  about  the  latent  ene2^  of  complex 
liubstances  continues,  and  so  long  as  tbe  evolution  of  heat  is  not  observed  at  the  same 
time  that  the  development  of  mechanical  force  is  estimated,  all  questions  of  "dynamics" 
must  remain  obscure. 

The  following  works  and  memoirs  may  be  consulted  : 

Barral,  Statique  chiraique  dea  Animaux^  1850, 

Bidder  und  Schmidt^  Die  Verdauungsafte  and  der  Stoffwechsel,  l%62. 

Bischof  und  Voit,  Die  Qe&etxe  der  EmiUirung  des  Floischfresaers,  1860,  and 
their  Critic. 

Vogt,  C„  MolMchott's  Untersuchungen,  1859. 
Vol.  IV,  M 
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0»rp6ntdn  W.,  On  tb«  Motoftl  Eolations  of  tlM  Phjniieal  and  Vital  Focoolt  PM, 

TVam,  1860,  Aod  QuartMtf  Journal  of  Scitneft  18»4. 

Gronvon,  Futfcmngs-Veranche,  1864. 

H&nimond,  H«iei«ftrches  on  Fo<xl,  1857* 

Hildesiheim,  Bic  Nornaal  Diiit,  1866. 

Hentieberg  nnd  Stobmann,  Ftittening  der  Wiederkanor^  IB60. 

Lawes  and   Qilbert,  Composition   of  Animiik  glaughtered   for  Human   % 
Phil.  Trans.  186u,  and  numeroiiB  papera  in  the  Joumtd  of  the  Eotfol  AffriculiurtU 
Society, 

Molenc  hott.  Physiologie  der  Nahrungsmittel,  1859  ;  alao  Kreisliiiif  dea  Lebeu, 

Pay  en,  Des  SubBtancea  AUnientairea,  4th*  ed.  1866. 

Parkes,  Urine,  1860. 

Pettenkofer  u.  VoiU  Beapiratioii.  Annalen  der  Chemie  und  Pharmmek,  1863^ 
SnDjpl.  ii 

Play  fair,  The  Pood  of  Man  in  relation  to  hb  UBeful  Work.  1866. 

R alike,  J^  Kohtenatoff  nnd  Stiekstoff-Aiiischeidiing  der  mhendea  MenaelMOa 
Arch,/.  Anat.  u,  Phvf,  1862, 

Savory,  U8<»sof  Food,  Phil.  Ti-ans.  1862. 

Smith,  E.,  Respiration,  PML  Trana.  1859;  Urea,  Phil.  TVani,  186L  On  ^tm 
Food  of  the  Ltibouring  CtasseB,  Sisth  Report  of  Medical  Officer  of  Priv^  Coi^ncH 
1864 ;  and  other  papera  in  Brit  Amoc.  lirparU  and  elaewher?. 

Voit,  Phy«ioIogi*ch-cheniiache  Unterauchnni^en,  1867» 

U<»ber  den  Einjitiae  des  KochaaUes,  des  Kivfiees  und  der  Muskel-bewegung  anf  dea 
StolhrMh  ael,  I860,  Ueb^r  den  Stickatoff-Kreialanf  im  thierischen  Oiganismna,  Annm 
Ch.  Pharm.  1863,  Suppl.  ii. 

ItF. 

MITFRmQir  OP  FX.AJrTS.--The  Nutrition  of  Plants,  like  that  of  Animalf^  m 
be  fitndii^d  in  ticcordance  with  the  doctrini^  of  the  ConaerTatian  of  Force,  in  reference  tb 
tb©  niutQal  relations  of  income,  capital,  and  eipendittire.  At  the  flrat  glance,  hoirerer, 
a  reimnrkuble  differenoe  may  be  observed  between  the  two  kingdoma,  la  the  casp'  of 
HiTjimals,  the  income  coasista  almost  entirely  of  force  uasoeiated  with  material  a^  latent 
energy ;  in  the  caHe  of  planta,  the  Income  ia  composed  to  a  preponderating  extent  of 
actuiii  energy  in  the  form  of  force  derived  directly  ircim  the  »un,  and  of  material 
associated  with  as  emaU  an  amount  as  posible  of  latent  energy*  With  animals  tbei« 
is  fncb  a  large  constant  expenditure  of  force  in  the  shape  of  actual  energy,  atich  a  larga 
concomitant  waate  of  effete  material  that  even  in  the  case  of  tfaoae  anim&ia  wliich  are 
pnrpOBely  fed  with  a  view  to  increase  of  capital,  that  part  of  the  income  which  ia  stored  np 
from  time  to  time  as  incrcaae  of  material  und  latent  energy,  bears  an  exceedingly  fimall 
promrtion  to  that  part  which  go<'B  to  swell  the  exjpenditnre ;  with  plants  the  umottnS 
both  of  force  and  material  continually  expended  la  ao  slight  that  by  far  the  greater 
part  of  each  acceBsion  of  income  ia  retained  as  incieajsc  of  capital.  With  moat  aaiinait 
the  Talue  of  the  capital  d€<pcnds  almost  entirely  on  the  amount  of  actual  energy  it  ii 
able  to  snpply  when  occasion  demands  ;  with  nearly  all  plants  the  value  of  the  ca|n£al 
is  expressed  almost  exactly  by  the  amount  of  latent  energy  its  material  repr««eDtB. 
Animals  are  machines  for  the  conversion  of  latent  energy  into  Tarioua  modes  of  actus] 
force  ;  plants  are  machines  for  converting  the  one  actnd^  force  of  the  sun  into  varioua 
t'ollections  of  latent  energy.  We  may,  using  the  while  very  general  terms,  speeli  of  & 
circidatiou  of  force  and  material  through  the  world.  Light  (heat),  carbonic  add,  water, 
and  ammonia,  enter  into  the  vegetable  kingdom,  and  reappear  as  protein ;  carbo- 
hydrates and  oxygen  enter  the  ammal  k inborn,  and  reappear  as  heat  and  mechanical 
effect  on  the  one  liand,  and  as  carbonic  and,  water,  and  ammonia  (urea)  on  the  other, 
In  the  third  or  inorganic  kingdom^  the  carbonic  acid,  ammonia,  heat,  and  mechanical 
effect  are  driven  from  their  place  of  birth  by  distributive  forti-Cfi  and  scattered  over  tha 
globe.     Th<  nee  in  turn  the  vegetable  kingdom  draws  in  part  its  income. 

Such  a  distinction  between  the  animal  and  vtgeiable  world,  though  satlsfuctory  as  a 
brcNul  generalisation,  must  not  however  be  taken  ats  j*trict!y  true.  The  one  kind  of  life 
is  not  exactly  the  inverse  of  the  other.  On  the  contrary,  in  order  to  include  all  vital 
phenomena,  we  must  tmagtne  each  to  consist  of  two  processes  ;  the  one  destructive  and 
Insulting  in  the  liberation  of  actual  force,  the  other  constructive  and  leading  to  the 
flccumuhition  of  latent  enei^.  In  the  one  life,  one  process  is  predominant ;  in  th© 
other,  the  other.  Thus  animala,  while  for  the  most  part  they  alworb  latent  energy  in 
the  form  of  food  and  ex|ffind  it  chiefly  as  actual  forc(*,  are  yet  at  the  siime  time  engaged 
during  the  whole  of  their  lirrw,  in  increasing  and  eoni^entmting,  so  to  speak,  bj  py^ 
ticular  npplieations  of  a  portion  of  their  total  force,  the  amount  of  latent  energy  of  soma 
of  the  materials  of  their  food  through  the  process  called  aswimilotion.  During  the  eiiriy 
stagesof  their  existence,  while  they  are  growing,  they  do  this  to  a  very  marked  degree;  anOj, 
at  some  periods  (incubation)  they  rp^eire,  and  convert  into  temporary  latent  energy,  • 
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qQaoti^  of  ictoal  fbree  i&  the  ihtpe  of  b^at  So  pliuitfi«  thotigh  tlmr  chief  fbnction  ■«  to 
•ttploy  toiir  energy  in  decomposing  oarbonio  acid  and  water  vith  libentioQ  of  oxygen, 
iaa  Ihna  to  eomtnici  eUborate  oompotinds  of  Cfu-bon,  h jdrogeOf  oitrogen,  and  oxygen, 
w  aaato  of  klemi  eneigy,  n*Tt*thelew  fonni  time  to  time  coomoda  Uioievorj  oompound?, 
ftbiorbtiig  oxjgeo,  femiiog  em4>ooie  acid  and  giving  off  actual  Ibrae  in  the  oJiape  of 
hmt.  For  isiyuiot,  doling  gvnnination,  floweritig  and  fruiting,  there  is  olvajs  oxidation 
going  OQ,  and  ff?tB  •  conniOfraMe  amount  of  hciat  thrown  out ;  and  during  the  iphole  life 
of  a  plant,  fboe^  parts  whieli  ai«  not  green  are  always  occupied  in  forming  and  exhaling 
carbonic  arid,  and  those  which  are  green  behaTe  in  the  same  way  when  light  it  abaent^ 
•0  that  the  total  amoutit  itf  oxidution  going  on  in  a  plant  is  very  conaidenhble.  The 
isoome  of  pUnta  eonsi«ts  partly  of  foroiv  pakly  of  material.  Force  is  supplied  ahnofei 
iOiiiely  in  the  form  of  voliijr  eutu^-.  PSart  of  the  enei^  lo  receiTed  maj  De  oonaidered 
10  letttg  auDp^  M  beftt,  ninoep  for  the  organic  proeeeaee  of  Togetable  aa  of  animal  life, 
ft  MttUD  t«iii|Mntili«  U  necossaiy.  In  the  majority  of  animdi^  howvrer,  an  internal 
fcmree  of  b«ftt  f«iid«i*  the  thermal  influence  of  the  sun  of  nboidinate  importanoa. 
Ftanta,  on  the  other  hand,  are  more  directly  dependent  on  sohir  wannth,  their  own  caloric 
pnoductiun  being,  aa  a  whole,  very  limited  But  by  far  the  moat  importanl  fVinetion  of 
tbo  iolar  energy  receired  by  plants  is  that  peculiar  one  whereby  sun-b'ght.  acting  on 
the  green  or  calorophyll-oontaimng  organs,  deoxidiaas  carbonic  acid  and  water,  and 
thus  enters  as  latent  encsgy  into  the  Tarious  vegetable  oiganie  eomponnda.  As  bf  tha 
union  of  carbon  and  hydrogeo  with  oxjgan  to  l^in  carbonic  aeld  and  water»  a  oeitaia 
amount  of  actual  energy  is  set  free,  so  in  the  revane  procesa  a  eoiresponding  amount 
of  energy  beoomea  lateot  The  latent  energy  possessed  by  vegetable  products  and  ex* 
hibtted  through  either  combostion  or  alimeofaboa  is  simply  enetgy  aeriTed  from  the 
mm  and  approwiatehr  eonverted  during  the  life  of  the  plant. 

The  matenala  of  the  inooma  of  a  plant  are  derired  partly  from  the  soil,  partly  from 
the  fttmoaphere. 

Those  bodies  which  are  drawn  from  the  soil  are  said  to  be  absorbed  by  the  roots, 
Into  a  mass  of  soil,  the  roote  of  a  plant  epread  during  its  growth  in  Tarious  directions,  and 
aslmet  therefh>m  certain  const  it  aent«  by  virtue  of  prooeaees  as  yet  not  fully  underatood. 
Thit  ftbsoiption  has  a  *  *  selecti  ve  "  character.  One  plant  will  absorb  certain  constituents 
in  given  proportions;  another,  the  same  eonstituenU  in  different  pmportions or  different 
eonsdtaeinta.  So,  ont  of  a  given  mixture,  a  plant  will  by  no  means  abaorb  to  the 
largest  extent  those  subetances  which  are  present  in  greatest  abundance.  Marine 
plants  growing  in  a  fluid  containing  a  great  excess  of  sodium,  themselves  contain  a  great 
excess  of  potush.  Land  plants  contain  but  little  aluminium,  though  that  body  exitta 
in  large  quantities  in  most  w>il8.  Aquatic  plants,  whose  soil  is  a  fluid,  of  ooufse  absorb 
their  soil-derived  eonsiituents  from  solutions.  Land  plants  may  also  be  made  to  do 
the  same  thing.  Thus  Stohmann  (Ann.  Ch.  Pharm,  cxxi  a,  286)  grew maiae-planta 
in  pure  saline  solutions.  It  may  fairly  be  pieeuDied  that  all  the  bodiaa  absorbed  by 
the  roota  are  in  some  way  or  other  disaolved  before  they  actually  paw  into  the  plant. 
Hence  aabatances  in  order  to  be  of  ai.y  nutritive  value  must  be  eapable  of  solution.  But 
it  does  not  follow  that  ther  must  necessarily  exist  in  a  state  of  aqueowi  solution  in  the 
■oH  itaelf  before  they  can  be  absorbed.  Go  tbe  contrary,  ordinary  soil  seems  to  have 
a  peculiar  power  of  withdrawing  saline  mateiiiils  from  their  aqueous  solutions,  and  of 
retaining  them  in  nome  peculiar  physical  combination  with  itself.  And  the  experiments 
of  N  a  gel  i  and  Zo  1 1  e  r  on  the  growth  of  beans  in  powdered  tttrf  saturated  to  a  variable 
extent  with  saline  matters,  seem  to  show  that  saline  nutritive  elements  are  absorbed 
not  direetty  from  aqueous  solutions  percolating  th<*  earth,  but  indirectly  through  the 
agency  of  the  soiL 

Of  the  anbtftanoes  thos  absorbed  by  tbe  roota  the  ao^eollad  **  minenl"  mattesrs  fiirm  a 
large  proportion.  The  moat  important  and  wide  spread  are  potash,  aoda^  Ume,  mag^ 
nesia,  and  iron,  with  phosphoric,  sulphnrie,  hydrochlorie,  and  sificie  adds.  Less  uniTersal 
but  still  common  are  iodine,  alumina,  manganeae.  More  rare,  and  probably  in  many 
eases  accidental,  aro  bromine,  boron,  oopoer,  silver,  ainc,  lead,  ttm,  cobalt,  nickel, 
strontium,  baritim.  To  these  may  be  added  lithium,  and  some  of  the  newly  discovered 
metals.     Water  is  of  course  absorbed  fkim  the  ^oil. 

Nitric  acid  and  nmmoniu  are  also  absorbed  from  the  soil.  Thpse  may  have  arisen 
frfim  the  decompo»iiion  of  oiganic  matters  pref>ent  in  the  soil  as  imtural  or  artificial 
manures,  or  may  have  been  brought  down  from  the  utiuosphere  by  rain.  It  has  been 
suggeeted  (Volker,  Ctoes)  that  nitric  acid  is  the  particular  shape  in  which  nitrogenous 
miterial  is  ab«orb<*d  by  plants,  all  other  nitrogenoiis  subf^tancos  (including  ammonia) 
bdqg  reduced  to  that  form,  previous  to  absorption.  There  appears  to  be  no  evidence 
that  organic  tkibvgen-compounds  are  absorbed  as  such  except  it  be  in  the  case  of  fungi 
•ad  certain  parasites. 

CiriMuie  acid  may  be  taken  up  from  the  •oil.  Lastly  there  are  in  all  soik  renre- 
sentacives  of  the  claaa  of  bodies  known  under  the  collective  name  of  humut.    it  is 
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gf'.&ertillj^  thought  thiLt  hmnus  is  not  iihsorbed  as  iiueh,  hut  ocifi  heneflcmllj  in  a  sort  of 
preparatorj  tnantier  on  boUb^  hj  means  of  the  acids  arit^ing  from  its  df^compottitJon* 
Hi  ate;  however  maiDtainfl  that  hurauE  is  absorbf^d  aad  assimilated  bj  plants. 

The  kjDd  of  material  derived  front  the  siir  is  not  the  same  under  all  circiiiustaii(*>ea. 
Under  the  action  of  light  the  green  parts  of  the  plants  absorb  carbonic  acid  ;  in  dnrk* 
neBB  they  cease  to  do  bo,  taking  up  oxygen  instead.  Those  parts  which  are  not  green 
ftbsorb  O^gen  under  all  circiunBtancea,  That  this  absorption  of  oxygen  is  an  act 
neeeisaiy  to  life  is  shown  by  the  fact  that  plants  kept  in  darkness  (and  therefore  unable 
themwlTefl  to  gire  out  oxygen)  in  an  atmosphere  void  of  ozygeHi  perish. 

It  has  been  much  debated  whether  plants  absorb  in  any  way  nitrogea  directhr  ttom  the 
fttmoBphere.  There  appears  to  be  no  exact  knowledge  as  to  the  power  of  plants  to 
ftbiorb  combined  nitrogen  (ammonia^  &c.)  directly  from  the  atmosphere,  as  die!  iuguished 
firom  thai  obtained  from  the  same  sourcie  through  the  mtermediate  agency  of  the  suiL 
As  recards  free  nitrogen,  BouBSingault  (Aiinalesde  Chim.  et  Phys.  18^5,  &t.)  con* 
dindea  from  his  experiments  that  there  was  no  absorpfion.  Ville  and  others  maintaiti 
the  contrary.  Lawes  and  Gilbert  (PMU  Trans.  1861;  Cbejn.  Soc  J,  xvi.  lOO) 
■upport  the  views  of  BonssingaulL  The  last-mentioned  observers  nevertheless  state 
that  the  quantity  of  nitrogen  bnjught  down  to  the  soil  from  the  atmosphere  by  the 
mnnuol  rain  will  oily  accxinnt  for  a  fraction  of  the  nitrogen  carried  off  by  iht'  auuuitl 
crops,  and  infer  that  in  the  absence  of  nitrogenous  manures  th^^re  would  sgciq  to  be 
some  otheras  yet  unnoticed  sonroe  of  nitrogea*  Li  e  b  i  ^  (Natural  Laws  of  Htufftmdr^, 
ed.  Blyth,  292)  however  maintjuns  that  the  atmospheric  nitric  acid  and  ammonia  are 
sufficient  for  ordinary  vegetable  |)urpo8e6,  and  even  that  (through  cultivation)  an 
accumulation  of  nitrogen  in  the  soil  has  taken  plnce.  The  observation  of  Sehonbein 
that  nitrite  of  ammonia  is  produced  during  oxidation  taking  place  in  the  atmosphere, 
has  flnggested  a  boutcs  of  abundant  supplies  of  nitrogenous  food  for  plants. 

The  capital  of  a  plant  cousists  of  the  so-called  vegetable  products.  The  chief  of 
these  are  protein-matters,  cellulose,  starch,  dextxin,  sugar,  gum,  pectin,  chloiophjU, 
c»mnic  acids,  &tty,  waxy,  resinoiu  bodies,  tannin,  &c.|  &c.  All  these  are  so  maiij 
oollections  of  latent  enegy,  and  available  for  food  or  fuel  They  are  nearly  all  of  them 
present  in  every  plant,  and  coiiBtitute  the  main  part  of  the  muital  properly  so  under- 
stood. Besides  these  bodies,  however,  there  are  innwmerable  otlier  compouuds,  of  more 
or  less  frequent  ocenirencet  possessing  a  greater  or  smaller  amount  of  latent  energy, 
some  of  them  perhaps  particular  stages  through  which  the  material  of  the  plant  passes 
in  its  progressive  metamorphoses,  others  most  probably  the  produizts  of  a  retroraide 
metamorphosis  or  off-ehoota  of  either  process.  These  lust  two  kinds  may  faiify  be 
brought  under  the  designation  of  excretions,  and  ought  therefore  to  be  consiaefedas  the 
waste  material  of  expenditure  rather  than  as  bplonging  rightfully  to  the  capitaL 

One  substance  spoken  ofoa  protoplasm,  a  mixture  of  Tarious  nitzogenoufl  and 
non^nitrogenona  compounds^  occurs  largely  in  all  growing  parts^  and  may  be  regarded 
as  a  sort  of  middle  term,  to  which  a  lai^o  part  of  the  income  tends  and  £rom  which 
Tarions  items  of  capital  arise. 

Of  the  expenditure  of  a  plant,  a  very  limited  amount  consists  of  actual  foroe»  In  the 
lowebt  forms  of  vegetable  life  locomotion  is  at  times  witnessed,  and  some  of  the  higher 
plants  exhibit  occasional  movements  in  their  so-called  irritable  parts.  In  these  cases 
a  certain  amount  of  force  is  lost  as  mechanical  effect.  And  in  all  plants  the  act  of 
growth,  the  transfrTence  and  suEtentation  of  materiul  in  various  directions  must  be 
considered  as  an  expenditure  of  mechanical  force, 

A  constant  but  small  loss  of  force  in  the  form  of  evolved  heat  must  also  be  admitted. 
Under  ordinary  circumstances  this  is  almost  insigniflcant ;  on  certain  oceaaions,  however, 
it  cornea  forward  into  great  prominence.  Thus  in  germination,  a  very  considerable 
amount  of  heat  h  given  out,  and  when  many  genninatiug  Beedj«  are  collected  in  a  hesp, 
as  in  mJilting,  the  thermometer  placed  among  them  may  rise  to  1 10^  F.  During  flowering 
alEO  hent  is  evolved.  In  the  spadices  of  the  Arum  tribe  in  particular  the  thermometer, 
it  is  said,  will  stand  2{i^  or  30^  F.  above  the  temperature  at  the  surrounding  air.  In  all 
rases  the  evolution  of  heat  is  closely  connected  with  the  abaorption  of  oxygen  and  the 
exhalation  of  carbonic  acid. 

Of  the  material  thrown  off  by  plania,  besides  water,  the  hirgest  portion  consists  of 
oxygen  given  out  by  the  greeo  Burikeee  under  the  influence  of  light.  A  smaller  portion 
oonststs  of  carbonic  acid  given  off  by  the  pa:rts  that  are  nt^  green  at  all  times  and  hy 
the  green  parts  in  darkness, 

Aoccoxliiig  to  CloeB  (Ann*  Sciences.  Nat  Bot.  [iv.]  xx.)  the  yellow  and  red  portions  of 
putiooloiued  leaves  do  not  give  off  oxygen.  The  nmoiuit  of  carbonic  acid  exhaled  in  dark- 
oeMii  greater  when  the  surrounding  temperature  is  higher  (Core  n  w  i  n  d  e  r,  Ann.  Scienc. 
Nut.  Bot.  [v.]  l,p.  297)»  During  germinatioD,  flowering,  aud  fruiting  there  is  tin  increase 
in  the  exeretton  of  carbonii^  acid.  Saussure  thonght  thut  eonbirlcrable  guantiLies  of 
nitrogen  were  evolved  by  the  leaves  of  plants  while  curbonieactfl  wjus  being  decomposed  i 
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ftud  DrApor  came  to  tlia  •tin«  ootidution.  Bat  Boussingault  (Ano*  Scienc  Nat. 
Bat.  [it.]  xt'u)  tnftintAint  thai  |iich  is  not  the  cuse,  lisviog  found  reaaon  to  Ixili^re  that 
the  learea  of  pUnUi  (lit  leAst  of  subfmerged  plants)  in  sunahine  gire  off  appreciiiblfl 
quiiDtiUe«  of  carbonic  oxide  and  ni&TBh-^Hs.  Cloes  howfT^p,  who  with  G-ratiolet 
(thid.  [iii]  xxzii.)  had  preriously  found  oectded  quantities  of  nitjnogen  to  be  exluUed  by 
the  leaves  of  the  F^tatnogHon  ptrfotiatus^  rMisBflrta  {ibid,  [iv,]  xx.)  the  &ct  of  Uic  ejchaU- 
tion  of  Ditrog^u,  tind  denies  the  cxcreiion  of  carbonic  oxide.  The  observationa  of  Latt  es 
&Dd  Gilbert  oppose,  ««  £»r  im  thejr  go,  the  idea  of  mtz^o^n  being  exhaled.  Many 
pijints  gire  oif  minute  qaanutii*s  of  rob  die  hydrocarbons  in  the  form  of  odours.  To  the 
action  of  thr««  enuuuitioug,  the  prtuence  of  oeone  in  the  n(*ighbourhood  of  pLints  luia 
been  altributecl 

It  ha*  been  much  debated  whether  or  no,  or  to  what  extent,  miitters  are  excreted  by 
tke  foota  of  planta.  The  beaelicial  or  injiinoua  effects  which  the  growth  of  certain 
crops  aeems  to  exert  on  the  TegvtAtion  of  other  crope,  subsequently  grown  on  th^  eume 
ground,  have  been  attributed  to  an  accuniulAtion  in  the  sod  of  matters  excreted  t>y 
the  roots  of  the  first  crops.  Most  of  these  ^cts,  however,  may  be  otherwise  explained. 
Direct  experiments  have  led  to  contradictory  roaultSf  and  those  which  seem  to  uSSirm 
the  existence  of  an  excredTe  ftmction  hsve  been  explained  away  by  suc^sixig  the  root« 
in  Bueh  cases  to  bare  been  iiyured.  Cauret  (Ann.  Sc'ienc.  Nat  Bot  firj  xv.)  decides 
that  the  roots  of  plants,  when  Round,  do  not  throw  off  any  part  of  either  poisonous  or 
ioDOCUous  BubetaDCGs  taken  in  bj  the  plant  in  any  wity. 

The  clfws  of  Fungi  and  tht?  leaHoiw*  Parasites  diflVr  materially  in  their  vital  pheno- 
mena from  other  plants,  aud  in  some  respects  doeely  resemble  animals.  They  receive 
little  or  no  solar  eneiigj;  they  do  not  oonsmae  carbonic  acid;  they  do  not  give  off 
oxygen ;  they  do  not  live  on  simple  compounds  of  carbon  and  of  nitrogen.  On  the 
contrary,  they  live  either  on  decomposing  organic  mutter  or  on  tho  elaborated  juices  of 
plan  tit,  and  they  absorb  oxygen  from  the  atmosphere,  giving  back  carbonic  aeid  in 
retuni.  They  tfiffcr  from  antmals  inasmuch  as  they  expend  out  little  force  either  in 
movement  or  as  h«'at.  The  force  they  absorb  in  their  nutriment  still  remiuus  for 
the  most  part  within  their  bodies  as  ktcnt  energy.  Hence  the  rapid  growth  of  many 
of  them. 

It  is  evidently  not  within  our  present  powers  to  draw  a  hiilanee  between  the  amount 
of  foxeo  received  by  a  plant  as  income  on  the  one  hand,  and  the  latent  enei^ 
possessed  b^  the  ^laut  itself  plus  the  fraction  expended  during  its  life-time  on  the 
other.  This  only  is  clear,  that  the  solar  energy  is  more  than  sufficient  to  account  for 
the  vegetable  power.  Helm  holt  z  (Irectures  Med.  Gaz.  1864,  i  p.  499),  maicing  ft 
comparison  between  the  total  amount  of  solar  enei^  falling  on  an  acre  of  ground  dunng 
the  year,  and  the  amount  of  force  derivable  from  the  plaota  grown  on  that  acre  during 
the  same  time,  finds  the  latter  only  j^'^yth  part  of  the  former. 

The  obstacles  attending  any  attempt  to  draw  a  balance  of  material  are  also  much 
greater  than  is  the  case  with  animals,  since^  in  addition  to  atmospheric  difficulties, 
tiottble  is  mot  with  in  the  fact  that  a  plant,  in  order  to  fiourish  naturally^  most  be 
pUesd  in  a  soil  of  a  must  complex  character,  out  of  which  it  extracts  only  a  small 
portion  for  its  own  use.  But  such  a  balance,  though  wholly  necessary  for  the  purpose 
uf  investigating  the  nutrition  of  animals,  is  almost  snpeiflaons  in  the  case  of  plants, 
since  with  the  latter  a  different  method  of  observadon  may  be  adopted.  lustimd  of 
Infefring  the  state  of  the  capital  from  a  comparison  between  income  and  waste,  wo  can 
m  dealing  with  plants,  make  a  direct  analysis  of  the  capital,  and  so  determine  the 
variations  it  from  time  to  time  suffon  through  changes  in  the  ioeome;  for  those 
plants,  concerning  whose  nutrition  knowledge  \s  m^t  desirable,  being  generally  grown 
in  crops,  a  sufficient  number  of  specimens  can  always  readily  be  taken  for  examination. 

The  income  may  be  roughly  conaidered  as  consisting  of  three  chief  factors,  solar 
energ;^,  carbonic  acid,  and  soil  materials  (including,  as  aqueous  soil,  the  water  in  whidi 
aquatic  plants  live),  and  the  process  of  nutrition  as  a  funcdon  of  all  three.  The  total 
£ulnre  of  any  one  of  the  thre*  entails  a  spetdy  death;  the  comparadre  failure 
ditnimshes  growth ;  increase  of  any  one  of  the  three  angmcnts  the  nntridon  of  the 

Slant  within  certain  limiti.  The  Bccunukdon  of  vegetable  products  of  oil  kinds  is 
ependent  upon  each  and  all  of  these  factors.  Thus  the  presence  of  carbonic  acid  is 
necessary  fur  the  development  not  only  M  carbon,  but  juso  of  nitrogen-compoundsi, 
and  inversely  the  amount  of  carbo-hydrates  stored  up  by  a  plant  will  ikpend  upon  tha 
nitrogeji  as  well  as  the  carbon  of  its  food. 

8eeing  that  plants  are,  in  a  broad  sense,  store-houses  of  carbon,  the  importance  of 
carbonic  acid  ( whr>ther  derived  from  air  or  soil)  as  a  factor  of  nutiidon  cannot  be  ove^ 
looked.  Plants  entirely  deprived  of  carbonic  acid  cense  to  live,  while  an  increase  of 
that  body  increusee  vegetation.  A  limit  however  to  the  beneficial  remiks  of  increase 
in  the  carbonic  acid  of  th^  ntmobpbere  surrounding  plants   is  soon  reached,  since 
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oxygeo  also  it  a  necesBary  elemrot  of  Tegf table  life,  and  to  the  fespinitioii*  ai  it  hat 
been  ealled^  of  plftntfl  as  to  tbftt  of  iinimiilfi,  iDore  tban  &  ^ert4iin  pfreentAge  of  carboDia 
scid  in  the  air  i»  injiiriona.  The  presence  of  li^ht  is  aT>*oliilely  »^88*iitijil  to  the  Acco- 
iDulation  of  fresh  nitttf-rial  in  the  body  of  a  plunt.  In  its  absence  tho  oxidjaing  pro- 
cesaot  become  pinmitieot  and  a  certain  amount  of  morphological  change  and  evett 
chemical  tr&niform&tion  of  material  cud  take  place.  This  in  Terj  well  ghoira 
"bj  the  ezperimADts  of  Bone^inganlt  (Ann.  Sc,  Nat  [t,]  i.  p.  314)  on  beana  grown 
'On  ft  prepared  aoil  in  light  and  in  darkneea.  In  the  Hght^  a  seed  weighing  '$)23  grin. 
grtiw  m  26  days  to  a  plant  wbotie  dt7  weight  was  1  293  grm.,  «h owing  rui  increase  of 
'871  grni.  which  consisted  of  -1926  gnn.  carbon,  02  grm.  hydpogc^ii,  and  *169l 
oxygen.  Id  the  dark  a  seed  weighing  '926  grm.  grew  in  the  B&mo  time  niid  under  the 
miae  conditions,  except  those  of  light,  to  a  plant  weighing  when  dried,  *fi66  grm  . 
■howiDg  a  Jo88  of  *Mi}  grm*,  which  coneiated  of  -1698  carbon,  -0232  hydmgen,  *1766 
oxygen.  In  the  light  there  woa  a  storing  up  of  the  elements  of  carbonic  acid  and 
water;  in  the  dark  a  waitte  of  the  same.  In  thf'  light  the  deoxtdijiing  or  purely  vege- 
table proceaa  was  predominatit ;  in  the  dark  thi3  ox]dt«»ing  ot  purely  anioaal  piocaifi. 
The  latter  supplied  the  force  requiidte  for  the  partial  development  of  the  plant.  The 
nature  of  the  chemical  transform ationa  tukiug  place  in  darknesa  ia  ahown  by  the 
following  Gompositioii  of  beana  and  beau  phmta  aner  21  daya'  growth  in  darkness : 


Seed      . 

Plant  (dried). 


ToUJ  weight.        Starch, 


Uutar.        OUul^a.  O.L        ^^^^^^^   «^--« 


8-630 
4-629 


638^ 
777 


•963 


516 

1  316 


463 
•150 


•880 
'880 
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There  waa  thereibi*  a  production  of  eellulope  out  of  starch  during  darkness.  The  infla- 
ence  of  the  ibsenee  or  presence  of  light  on  the-  development  of  various  vegetable  pro- 
dtteta,  paiticniarly  of  those  which  may  be  regarded  m  refained  excretions,  such  a«  the 
alkaloVda,  is  well  known.  Boussingault  regajds  the  asparagine  which  ia  a^cismulated 
in  beanii  growing  in  darkneaa  as  the  vegetable  physiological  analogue  of  the  animal  urea. 

The  foil*materials  may  bo  diridi'd  into  the  "nitrogenous  "  and  "  min^^raL"  Nitrogen 
is  an  f  Bteutial  element  in  the  food  of  planta,  and  as  we  have  seen,  is  probably  derived 
from  the  soil.  Though  the  quantity  of  it  present  in  the  seed  may  in  many  cases  serve 
for  the  purposes  of  nutrition  until  the  plant  has  arrived  at  a  considemble  bulk  and 
Accumuhiled  a  large  stock  of  carbon-oompounds,  a  limit  i»  at  last  reached  bevond  which, 
without  a  further  supply  of  nitrogen,  no  further  growth  can  take  place.  This  is  Tery 
well  shuwn  br  the  experiments  of  St  oh  man  n  {loc.  ciL)  and  ofLawesand  Gilbert 
{lot,  n?,).  The  results  of  the  last  observeTB  show  a  very  close  connection  between  the 
prcFence  of  nitrogenous  bodies  (ammonia)  in  tile  soil  and  the  accumulation  in  the  plant 
not  only  of  nitrogen  hut  also  of  carbon -com  pounds.  The  increase  in  carbohydmiea  is 
however  by  no  meAni  proportionate  to  tbe  gain  in  nitrogen.  A  large  amount  of  thr 
former  is  verj  often  amassed  by  means  of  a  very  small  quantity  of  the  latter.  In 
animals  nitrc^ti  is  always  in  the  foreground^  and  is,  so  to  sp^iak,  th«  guide  and 
governor  of  the  total  metamorphoais ;  in  plants  nitrogen  is  in  the  back  •ground,  and  is^ 
as  far  ss  quantity  is  concpmed,  the  meanest  of  the  factors  of  nutrition. 

**  ]VIinerMl  matters,"  on  the  contrary,  whih'  they  hold  a  Tery  subordinate  positioD  aa 
food^elpmcnt«  in  the  case  of  animals,  are  of  primary  importance  for  the  nutrition  of 
plants.  Their  influence  is  very  clearly  shown  by  growing  a  plant  in  distilled  water  or 
prepared  soiL  For  a  while  there  may  be  observed  a  growth  conaiiAiug  partly  in  the 
treasformation  of  the  contents  of  the  seed  and  partly  in  the  storing  up  of  new  material 
tbfough  the  agency  of  the  unoccupied  mineral  mutter  there  accumulitted ;  but,  as  iood 
m  iQieae  are  exhauifted,  no  new  stuff  is  formed  and  the  plant  therv'Uf'on  speedily  perisheis. 
Allplavte  have  not  the  same  mineral  constituents,  each  speci«^s  seeming  to  make  a 
catlitative  and  quantitative  selection  Irom  the  soil  of  material  be^t  fitted  for  its  wel- 
itte.  So  fundamental  is  thin  law  that  plants  are  often  i^ken  of  as  lime-plants,  aili- 
ekms  jilanta,  potaah-plants,  &c.  And  ^Stohmann  {loc.  eit)  has  shown  by  direct 
expenments  thiit,  in  the  ease  of  maize  for  instance,  all  the  mineral  food  elementa  have 
an  independent  Taloe,  that  potash  canool"  supply  the  place  of  sodn,  nor  magnesia  that 
of  lime,  nor  lime  that  of  magnesia.  But,  thotigh  all  the  mineraj  constituents  of  a  plant 
are  necessary  for  its  growth,  they  are  not  all  of  equal  value  as  faL'tortt  of  nutrition.  The 
aehes  of  a  plant  are  not^  like  the  skeleton  of  an  animid,  merely  the  framework  of  its 
body;  minerala  are  not  absorbed  from  the  &oil  simply  for  the  fiurpos^e  of  bmlding  up 
•och  a  framework.  On  the  contrary,  they  are  closely  interwoven  with  and  Intiniately 
oonnected  with  the  formation  of  organic  oompomids,  and  their  chief  function  in  thie 
vegetable  ecoDomy  is  to  assist  in  thf  constrnctioii  of  tho«e  oompoauds.  In  other  worda, 
the  growth  of  a  pHint,  that  is  more  particularly  the  manofacture  of  Tegetable  products, 
is  A  function  of  ite  mineral  fcod  element*.    Some  of  these  minerals  are  mom  actiTe  in 


NUTRITION  OF  PLANTS, 


167 


tbia  way  ^hnn  Othcm,  And  cerUuD  elements  aro  espcdnllj  »8ocist«d  inth  certjan  pro- 
ducts. Thus  thefc  19  reason  to  beliere  that  th#  aULalis  arc  pecoliarlj  eomifl^led  witk . 
the  fbrmiition  of  the  curbohydrates,  phosphates  mtb  that  of  protein  mattenif  &e,C 
Thai  is  to  toijr,  an  increased  absorption  or  assimlLition  ol  nlkalis  is  et^uiTalHit  to  an  j 
inet^ased  fomiation  of  carbohydratea^  &(l  in  tlia  ease  of  some  othpr  tnineraU,  no  snchtj 
Mnnecdon  can  be  tiaced.  Thus  Sachs  found  that  mais^  which  gpuerallj  contains  J 
18-25  per  cent,  of  silica  in  ita  ash,  would  when  d«bafred  firom  the  same  attain  its  usual  j 
height  and  bulk,  and  benr  seeds  cupable  of  ^orminaldoo  inth  only  7  per  cent. 

^asmuch  as  the  oxidUing  and  destmctire  portion  of  yegetuble  life  is  quite  aa  j 
eaaential  to  the  growth  and  welfare  of  a  plant  as  the  deoxiiii&ing  portion  which  mora 
directly  leads  to  the  btoriog  up  of  material,  oxygen  must  also  be  considered  as  a  factor  ] 
of  the  nutrition  of  plants*  j 

AH  these  factors  are  absolutely  essential*  thongh*  as  hiis  been  said,  of  unequal  ralue. 
The  effects  of  increments  of  each  placed  at  the  disposiil  of  a  plant  will  be  limited 
mrtjy  by  the  nature  of  the  &ctor  itself,  and  partly  by  the  disposition  of  other  factors. 
Thus  increase  of  "  mioerala "  may  in  certain  cases  prove  effectual  far  beyond  any , 
incTBase  in  "nitrogenous  roattera/'  but  the  eJTect  will  depend  roost  closoly  on  the] 
imount  of  carbonic  acid  and  solar  energy  available  for  use.   So  carbonic  acid  und  gular  1 
energy  are  limited  in  their  nsefulness  by  the  absence  of  soil-matenals.      Practi cully  | 
speaking,  however,  the  carbonic  add  of  the  atmosphere  and  solar  energy  are  b«>yond 
tne  control  of  man.     Consequently  the  nutrition  of  plants  is  modified  by  him  through 
VHriittiomi  in  soil-materisls.     (See  MjLirraas.) 

The  series  of  changes  through  which  the  inorganic  elemeuta  of  the  food  pass  into  , 
the  organic  vegetable  products  are  very  imperfectly  known.      The  non^nitrogenouf  i 
products  probably  behave  as  follows.     The  mineral  matters  and  water  absorbed  by  the 
routs  pasjii  upwards  as  cmde  sap  into  tlie  leaves  and  other  chloropbjiJ-contHiniug  orguns. 
Hero,  under  the  inflnencQ  ol  the  solar  rays,  they  mingle  with  carbonic  acid  derived  from  i 
the  atmosphere,  and  processes  are  set  up  which  result  in  the  liberation  of  a  certain  j 
quantity  of  oxygen  and  the  detention  of  carbon  and  hydrogen  as  constituents  of  certain  | 
oi^ganic  compounds.     These  resulting  compounds  may  be  either  deposited  in  the  Learea  1 
as  starch,  &c.^  or  pass  to  other  parts  of  the  plant  as  nutritions  elaborated  sap,  to  be 
deposited  or  ooosumed  as  occasion  demands.     The  presence  of  chloi^phyll  seems  to  be 
essential  to  the  aocompliahnient  of  the  metamorphosis.     Thus,  when  a  seed  is  allowed  | 
to  germinate  in  the  dark«  a  limited  growth  takes  phice,  as  the  resnlt  not  of  any  forma-^ 
tion  of  new  »aterial^  but  of  a  transplantation  of  the  old.  No  chlorophyll  is  produced,  no 
starch  ;  no  carbonic  acid  is  absorbed,  no  oxygen  liberated.     When  aU  the  protein  sub- 
sCanoe^  starch,  &c,  of  the  seed  has  been  transplanted  into  the  stem  and  leaves  and  ^ 
deponled  there  as  protoplasm,  ceUulose,  &c»  the  plant  perishes  for  lack  of  food.     !( 
however,  before  that  occurs,  it  be  exposed  to  tight,  certain  gmnules  of  cMorophyll, 
previously  deposited  in  the  protoplasm  of  »ome  of  the  leaf-cella  and  possessing  a  yelloir 
colour^,  gradually  become  grt?en«    If  the  light  be  insufficient^  uo  progress  is  made  beyond 
tikis  stage,  and  the  plant  in  this  case  too  perishea  by  starradon*     With  more  light 
stareh  is  formed  in  tbe  chlorophyU,  and  the  plant  lives  and  flourishes.    Since  only  in 
the  parts  where  ehlorophyll  exists  is  carbonic  ftdd  absorbed  and  oxygen  liberated,  and 
since  only  when  there  is  chlorophyll  somewhere  in  the  plant  is  there  any  formation  of 
starch  at  all,  it  seems  reasonable  to  suppose  that  the  presence  of  chlorophyll  is  essen- 
tial to  the  construction  of  starch,  and  that  when  atajrch  accumulates  in  any  part  free  ' 
from  chlorophyll,  it  has  been  earned  thither  from  elsewhere,  not  generated  on  the  spot^  t 
The  fiict  that  the  green  (chlorophyllic)  parts  of  plants  absorb  the  so-called  actinic  mye  1 
of  the  snectrum,  has  been  considored  a  proof  that  these  rays  abne  contribute  the  fom  f 
requirea  for  the  liberation  of  oxygen  from  the  carbonic  acid.   Draper  and  D a u b en  jj 
however,  maintain  from  direct  experiments  that  only  or  chiefly  the  luminous  rays  aftt  ' 
coBoezned  in  the  process.     And  it  is  unci>rtain  to  what  part  of  the  spectrum  is  due  the  | 
change  to  green  tmlorop^ll  from  it«.  yellow  or  nncoloured  antecedents,  and  whet.her  ' 
particolar  rays  have  any  influence  in  determining  the  formation  of  particular  varietiea 
of  the  earlxdiydrates  and  other  compounds. 

Opinions  concerning  the  share  taken  iu  the  deoxidising  process  by  the  mineral 
eozurtituenis  and  the  exact  stages  passed  through  by  the  carbon  are  purely  tlieoretical. 
It  is  unknown  whether  the  oxygen  arises  from  a  direct  cleaving  of  the  carbonic  acid  or 
whatSiar  it  is  thrown  off  at  the  end  of,  or  by  fractions  in  the  course  of.  a  long  series  of 
ohaxiAes.  It  has  been  suggested  that  tbe  carbohydrates  may  be  formed  by  the  carboa  ] 
passing  through  a  series  of  adds  of  increasing  carbon-power  for  which  the  alkalis,  ica, 
(apparendj  so  closely  connected  with  the  carbohydiatea)  serve  as  bases. 

The  observations  of  Lawes  and  Gilbert  (PhIL  Trans.  I86I,  ii.  p.  4d3)  show  the 
great  rapidity  with  which  carbonic  acid  is  reduced  in  the  light,  and  oxygen  consumed 
in  the  dark,  and  support  thy  opinion  that  "th«i«  can  be  little  or  no  twygen  io  the  tiring 
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celk  of  pkntA  duriog  the  night  or  during  dand^  day#.*'  Thev  nlso  suggest  the  '*  ideu  that 
there  may  be  duriEig  expofitirc  to  lights  Id  the  outer  cetJs  which  art'  penetrated  by  the 
fUD'§  rays,  a  reduction  of  carbonic  acid  with  fixation  of  carbon  and  e  vol  at  j  on  of  oxygen » 
at  the  same  time  that  in  the  deeper  cplla  ther^  is  taking  plac«  the  converse  process  of 
oxidntiou  of  carbon  and  formation  of  carbonic  acid."  In  such  cai^e  the  cxygen  of  the 
outer  cells  would  pass  inwards,  oxidiMing  the  more  deeply  deposited  carbon  compounds^ 
while  the  carbonic  acid  of  the  inner  ccUb  would  pass  outwards  to  be  there  reduced* 

Some  writers  attribute  much  importance  to  the  fact  of  rniuiy  elements  being  set  free 
during  the  organic  changeH  in  a  "  nascent  mndition/' 

The  career  of  the  nitrogenous  elements  of  the  plants*  food  is  also  obscure.  It  has  b«en 
supposed  that  the  nitric  acid  and  ammonia  al«orbed  by  tlie  roots  p«s9  with  the  pest  of 
the  mineral  constituents  up  to  the  leaves,  and  are  there  elabomted  into  protein  com- 
pounds which  either  remain  as  parts  of  the  leaver  or  booirae  factors  of  the  nutritious 
sap.  A  large  portion  of  the  nitrogenous  material  of  a  j^rowing  plunt  will  \m  found  in 
the  form  of  a  constituent  of  the  so-called  protopliju«tn,  the  »emi-fluid  occupant  of  the 
vegetable ceU.  In  the  vitalistic  theories  this  protopU-ni  in  endued  with  a  plastic  force^ 
a  power  of  mouldiiig  the  form  proper  to  the  plant,  and  is  sometimes  spoken  of  as  presid* 
ing  over  the  nutritive  changes. 

Tlie  changes  through  which  ammonia  or  nitric  acid,  with  sulphuric  or  phosphoric 
acid,  assumes  the  form  of  protein-substance  are  wholly  unknown. 

The  nutritive  processes  of  a  plant  are  not  the  same,  nor  is  its  composition  identical 
at  all  epochs  of  its  life.  Young  plants  are  rich  in  alkfUis,  old  ones  in  earthy  and  me- 
tallic oxides  (Garreau,  Ann.  Se  Nat.  [4l  xiii. — Core n  win der,  »Awf«  xiv.).  The 
''  active  principles  "  elaborated  by  certain  plants  often  appear  at  particular  sees  only. 
The  phenomena  of  "  migration  "  play  a  very  important  part  during  the  whole  of  the 
plant's  existence.  Thns,  during  germination,  the  protj^in  matter  or  alevron  of  the  seetl 
becomes  liqaeficd  and  the  starch  is  converted  into  dextrin,  and  perhaps  into  sugar  with 
evolution  of  carbonic  acid.  The  semi-liquid  mass  formed  by  the  miitnr©  of  these 
bodices  then  migrates  into  the  growing  cotvledons,  stem  and  root,  or  rather  forms  them 
by  the  extension  of  itself  through  chemical  mid  morpholngical  changes  resulting  in  tb« 
building  up  uf  cellulose  and  celle.  There  is  no  loss  af  protein-matter  during  this  trans- 
action, but  the  sum  of  the  starch,  dextrin,  sugar  and  cellulose  of  the  plant  are  together 
less  than  the  starch  of  the  origtnal  seed.  Solar  energy,  carbonic  ucid,  and  soil-mate* 
rials  being  present,  new  matenal  la  coiostntcted  and  growth  proceeds*  As  the  leaves 
wither  and  die,  a  certain  amount  of  material,  namely  the  protoplasm^  fs  withdrawn 
from  them  and  migrates  to  the  still  living  organs.  Hence,  dead  leaves  consist  mostly 
of  cellulose  with  certain  other  matters  peculiarly  connected  with  that  substance,  pro- 
tein, Btapchj  and  sugar,  alkalis,  and  phosphoric  at? id,  being  IcH  in  exceedingly  small 
qnantities.  As  life  advuucefi,  growth  will  for  a  certiiin  time  take  place  chiefly  in  the 
leaves  as  distinguished  from  the  roots.  Thus  Anderson  found  thai  in  turnips  grow- 
ing fjpom  July  7  to  August  11,  the  leaves  increased  more  than  four  times  as  fast  as  the 
roots.  At  a  later  epoch  the  process  is  reversed.  In  turnips  growing  from  August  1 1  to 
September  1,  the  roots  increased  nearly  twice  as  fast  as  the  leaves.  That  is  to  say,  of 
the  material  elaborated  by  the  leaves,  a  very  laige  proportion  did  not  remain  in  those 
organs  but  migrated  to  the  roots.  In  turnips  growing  from  September  I  to  October  5, 
the  leaves  were  found  to  have  decreased  in  weighty  some  leaves  in  fact  had  withered  and 
fallen  oflF,  but  the  nxits  bad  vastly  increased.  In  other  words,  the  migration  from  the 
leaves  to  the  root  had  been  very  active,  the  latter  organs  acting  as  storehouses  for  the 
stnffit  constructed  in  the  former.  Further  on  in  life  another  change  takes  plact\  The 
material  amassed  in  the  root  migratts  once  more  into  the  leavf«,  when  these  are  formed 
a^in  with  the  return  of  warmth.  Finally ^  tJie  plant  flowers  and  set-ds.  material  is 
withdrawn  from  both  leaves  and  root,  takes  its  hist  migration,  and  flnds  its  last 
resting-place  in  its  flrst  storting-place,  the  albumen  of  the  seed  ;  the  dead  leaves  and 
stetn  representing  veiy  little  more  than  bo  much  celluloFie.  A  very  similar  mtgratjon 
may  be  traced  in  the  storing  up  of  starch  in  the  tuber  of  the  potato,  in  the  stem  of 
the  palm,  and  in  a  multitnde  of  other  instances.  The  history  of  the  metamorphosis 
and  migration  of  material  in  olives  has  been  traced  by  Do  Luc  a  (.4.nn.  Be.  Kat. 
(iv.),  xviii.).  Mannite  appears  in  the  young  olive  leaves  at  first  in  very  small  qnan' 
tities,  but  increases  in  amount  as  development  proceeds  until  the  epoch  of  flowering, 
when  it  begins  to  diminish.  By  the  time  the  leaves  are  withered  it  has  nearly  dis- 
appeared. It  is  also  found  in  yonng  flowers,  but  dieappeare  as  they  reach  perfection* 
It  occnrs,  too,  in  the  unripe  fruit,  but  gives  place  to  oil  during  maturation.  A  very 
close  connection  is  ob.^rved  between  chlorophyll  and  mannite  on  the  one  hand,  and 
between  mannite  and  oil  on  the  other,^  the  mode  of  the  development  of  the  latter  being 
thus  indicatiid*  M.  F. 

Syn.  nith  ScAPOtin. 
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The  ash  of  the  leaves  aod  stalka  of  y^mph^a  alha  and  N,  ttUta  has 
been  analjtied  by  Scbiilz>Fl«eth  (Pogg.  AnD.  lxxxiT/80): — 


KtO,  N*M>.  CftH).  Mi'O.  F««0*« 

old  rriTf<*  iT-91    —   ao^«>    yu     tim 

*fU4l    4'4«    18-09      reZ       ©•» 


MB 


SIO«,  CO*,  p»o\ 
0*19    «l<i   t-W 


KG,  KtCl. 

7  M  9-78  »  Se  13 

4'BS  7>aS  «  09-36 

—  US'©*  =  ae-itt 


Tkit  jfmng  Iftares  and  sUUcBof  N,  luica  jiMed,  after  drying;  7'96  per  eent.  lah,  the 
oM  learea  of  the  same  1 01^  per  cent,  and  tlie  learea  and  itaUEa  of  X  ali>a  12  99  per 
ccuL 


0. 


OATS.     S<>e  Ckbbai^  (i.  823). 

OBSl^lAn'  and  PmcxOB.  UMioian  is  a  giaasy  mocufitiation  of  felspatJ 
IrBchytic  bva.  Pumice  is  a  porous,  fibfoiia,  capillary  or  inmefled  mass,  pix^dnced  by 
the  operation  of  various  externid  agencies,  chiefly  aqueonii  vapour  and  a  certain  tern- 
peratan,  on  these  lavas  while  in  the  fluid  state.  Many  obsidians,  when  ignited  in  Jumps. 
Moomo  hrig-htly  ineandesceot,  and  swfll  np  to  a  tume£ed  toass  of  pumice,  which, 
•oeording  to  Abieh^  is  more  Uke  natural  piiniice  in  proportion  as  the  minem!  rootiuns 
less  stljea  and  miim  alkali.  Pulverised  obsidian  docs  not  exhibit  these  pbcnom^na* 
bat  merely  ttima  brown.  Obsidians  heated  above  the  point  at  which  the  formation  of 
piimice  takes  place,  melt  to  a  greenish  glass.  Similar  glasses  are  oIho  formed  by  the 
natuml  fusion  of  pumiee.  Both  pumice  and  obsidian  appear  to  bo  but  little  attacked 
by  acids. 

These  minerals  may  be  dirided  into  two  groups : — A.  Thoee  in  which  the  silica 
Amounts  to  about  60  per  cent.,  less  therefore  than  in  glassy  felspar  (ii.  620),  the 
pumices  belon^i^ng  to  this  group  ar^  tumefied,  and  hiive  a  dirty  white  or  grey-green 
colour. — B.  Those  in  which  the  silica  amounts  to  70-80  percent. ;  th#> pumices  belong- 
ing to  thii*  division  are  fibro-capiUary,  white»  end  have  a  silky  Ins  I  re, 

a.  Obsidian  from  Teneriffe:  speciBe  gravity  2*528  (Abich,  Geolog,  Unters.  p,  62), 
— A.  Pumice  from  the  same:  specific  gravity  2*477  (Abie h). — c.  Pumice  from  the 
PblegTBean  Fields  :  ppecific  grai-ity  2-411  (Abich).— ^.  Pu mice  from  Llactacunga^  at 
the  fool  of  C^jtopaxi  (Abich). — c.  Obsidian  firora  Lipari :  speci flic  gravity  2*370. — 
/.  Pumice  from  the  saraer^  specific  gravity  277  (Abich),— ^.  Obsidian  porphyry  from 
the  greater  Ararat  (Abieh). — K  Obsidian  from  Holds  via,  Bohemia  (v.  Hauer, 
Jahrb.  Oeol  Reichsanst,  v.  866). 


With  nbout  60  |>er  cent.  ii1l». 


With  70*^  pfT  cent.  iili». 


d. 

b. 
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2*73 

2*31 

2*17 
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1^21 

012 

0-65 

1-40 

4*45 

019 

0*79 

0*72 

1*30 

0-28 

029 
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148 

10-63 

11*26 

6-39 

4*29 

4*16 

4*62 

4-21 

1*21 

3-60 

2-97 

3-66 

3*90 

511 

4*73 

2*30 

0  30) 
0  04{ 

0-53 

3*84 

2*85 

0-31 
0  22 

031 
122 

aaiea      . 

Alumina 
Feme  oxide 
Manganic  oxide 
Lima 
Magnesia 
Soda 
Potaah    . 
Chlorine . 
Water     , 

100  03       99  33       98  94         99  96       9994     100*00       99-47     100  29 

The  close  agreement  between  the  analyses  of  obsidian  and  pumice  from  the  same 
locality,  for  example  a,  6  and  0,  f^  showa  that  the  two  am  merely  modifications  of  the 
fisime  mmeral. 

The  analyses  show  also  that  obsidian  and  pumice  eonaist  mainly  of  folspathio  sub* 
stance;  they  always,  however,  contain  small  quantitiaa  of  earths  and  iron-oxides, 
indicating  an  admixture  of  aogite,  olivin  and  magnetic  iron  orw.  The  obsidian  and 
pnmioe  olTenerifF©  (a,  h)  coniiat  aJmoat  entirely  of  oligodose,  which  mineral  likewise 
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ocf  ura  pui^  in  the  midet  of  them.  Th^  pumice  of  the  Fhlegne^  fields  (c),  aJao  UiAt 
of  Iscliiiv,  Proeidtt,  and  the  Tolcano  of  AnHjuipa  in  BoliTia,  which  ooDtaio  but  littlis  more 
than  60  per  cent  ftiliea,  also  consiat  mduljr  of  oHgodase  more  or  less  pure.  The 
miuerals  of  the  diriaiou  B,  w^hieh  «^otit4di}  a  rather  large  ppopoftion  of  potash,  appear 
to  be  mixtures  of  fN*^  silica  with  oligochifit^  and  glasaj  felnpar  (ti.  620),  The  wat«r  in 
pumice  is  in<»rely  hygroscopic.  The  smsili  qaantitie>a  of  chloriue  are  pregf^ut  as  cbiorida 
of  sodium  or  chloride  of  ammoDium,  whi(?h  aak«  are  frequently  found  in  and  upon  tava. 
The  pumice  from  thf^  ndghbourhood  tjf  Lake  Laa/:*h,  analysed  by  Schsf  fer^  exhibits 
a  composition  di^rent  from  the  preceding,  containing  only  about  60-58  per  e<*nt. 
tiiliea ;  and  two  epecimens  of  obsidian  from  the  great  volcano  of  Hawaii  differ  still  more 
in  composition  therefrom.  A  capilhiry  Tariety  yielded  61*19  per  oenL  silica,  30*26 
ferrous  oxidf,  and  18'16  magnesia  (=  9901);  a  ghiaay  rariety,  39*74  ailiea,  10*66 
alumina,  22  29  fe^rroas  oxide,  2'7-l  hm^,  240  magneaia^  21*62  aoda,  and  0*33  water 
(=  99  67).  The  former  appears  to  be  an  augite,  (Mg*  Fe)*SiO*;  the  latter  ii  alao 
probablr  an  augite,  but  with  an  unuBually  large  quantity  of  aoda«  (Hammelsberg^'t 
Min/TaJckemie^  p.  637.) 

QCMMJkMm  A  variety  of  bole  from  Orawicsa  in  the  Bannat»  containing  31*3  per 
cciit.  silica,  430  alumina,  1-2  ferric  oxide,  and  211>  water,     (Eersten.) 

OCHRB.  A  term  applied  to  many  metallic  oxides  ooonritig  in  iA  eaithj  or 
pulv*  ruli  nt  form  :  f.g.  iron  or  red  ochre,  molybJic  ochre,  itc 

OCRSOJmi.     An  impure  cerite  mixed  with  quarts,  analyaed  by  KUproth. 

OCBOTA  O III  or  CAliCPBOK.     Syn,  with  Laujuh  or  Bat-bbk&t  Caicpaoa 

(iii,  476). 

OcrJLHSllXttXX.    Syn.  with  AjxATAsm  (i.  280). 

OCTYXh  ttiprtfl.  OH"'.— The  eighth  iil^ohol*radicle  of  the  series  OH**». 
Aocordini^  lo  Bouie  (Compt.  rend,  xxxnii,  736)  it  may  be  separate  from  the  chloridev 
CH^'Cl,  by  the  acet;ite  of  eodiam  in  the  cold.  In  the  free  state  it  is  represented  by 
the  formtila  C"H**  {see  AxcottOL-RAnrcLBS,  i,  96),  and  is  isomeric,  or  perhaps  identieu 
with  hydride  of  cetyl,  C'*H".H  (see  Hydiui>bs,  iii.  182). 

OOXT^  B1&0»CIIIE  OF.  OH^^Br.— Obtained  by  treating  oct^Uc  ahsohol  with 
bromine  and  phuutphuruM.  Ii  is  an  oily  liquid,  smelling  Mke  the  chlonde,  heavier  thjia 
water,  insoluble  in  wut^^r^  soluble  in  alcohol.  It  boila  ^ith  decomposition  at  190°, 
and  leaves  a  carbonaceous  residue  wht>n  distilled ;  buruB  vrith  a  smoky  green*edged 
tlame.  It  is  decomposed  by  pbtaah«  yielding  bromide  of  potassium  and  octylic  alcohol, 
and  precipitates  silver-salts  in  alcoholic  solution,  but  more  slowly  Than  the  iodide. 

OCTTIi,  ca&omiBB  or.  C'H'*CL— Produced:  L  By  the  action  of  hydro- 
<^hloric  add  or  pentachloride  of  phosphorus  on  octylic  alcohol  (Bonis,  Ann.  Ch.  Fhya. 
[3]  xliv.  128). —2.  By  that  of  hydrochloric  acid  upon  octylene  (Bertheloty  Ann.  CIl 
I*harm.  civ.  186),^ — 3,  By  the  action  of  chlorine  on  hydrkle  of  octyl  (Schorlemmer, 
Chem.  Soc.  J,  xv.  419) ;  at  the  boiling  heat  (Wurtz,  Jahreab.  1863.  p,  509)  at  40° — 
60°,  avoiding  an  excess  of  chlmine  (Pelouze  and  Cahours,  Ann.  Ch.  Pharm.  cxxix. 
91).  It  is  a  colourless  liquid,  lighter  than  water,  and  smelling  like  oranffea.  Specific 
gravity  0892  at  \%^  (Sehorlemmer);  0'896  at  16^  (PeloUEe  and  C  ah  ours). 
Bolls  at  ITfi'^^  (Bonis);  at  170^— 172*  (Schorlemraer);  168^— 172°  (Pel ouxe  and 
Cahours);  at  162^ — 167°(Wurtz).  Itbums  with  a  smoky  green-edged  flame,  forming 
hydrochloric  acid ;  does  not  precipitate  gilver-&alts ;  is  decomposed  by  potaasinm  or  sodium 
in  the  cold,  yielding  octyl  [or  hydride  of  cetyl]  C'*H**  i  but  when  it  is  heated  with  sodium 
the  metal  assumes  a  violet  colour^  hydrogen  is  evolved ;  and  if  the  dit^tilled  Hquld  be 
ropeatedJy  distilled  with  sodium  til!  all  the  chlorine  Is  removed  from  it^  the  product 
nitiroately  obtained  is  octylene  C*H^*  (Bonis).  Chloride  of  octyl  pepared  mm  the 
hydride  fxhibita  the  same  reaction  as  that  obtained  firom  the  alcohol ;  when  heated 
with  alcohol  and  acetate  of  potasaium,  it  is  reaolved  into  octylene  and  octylic  acetate. 
(Pelouze  and  Cahours.) 

OCTTZr,  BTHSATZ  01«,  Octfflic  Alcohol.  Caprylic  AkoM.  C*H»lH,0. 
— ^This  ftleohol  is  obtained,  according  to  Bonis  and  other  chemistfi,  by  distilling  reci- 
noleate  of  potassium  or  sodium  with  excess  of  caustic  alkali.  Others  again  assert  that 
the  volatile  proilucts  of  this  reaction  are  heptylic  alcohol,  C^H'^O,  and  methyl-i^aantliyl, 
C*H**0.  These  opposite  views  have  already  been  discussed  in  connection  with  heptylic 
alcohol  (iii.  144).  As  there  observed,  we  must  suppose,  pending  the  further  investi- 
gation of  the  subject,  that  one  or  the  ether  of  these  alcohols  is  produced,  according  %o 
the  pariiomUr  drcnmataneee  of  the  reaction.  The  mode  of  preparation  has  been  alreiady 
described   {loc.  cit,).    According  lo  Lirapricht  (Ann.    Ch.  Phirm.  xciii.  242),  the 
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■ymUon  of  the  methjl-cBti&athjl  formed  mi  the  tAme  time*  is  ner^r  rompleN»ly 
dfeeted  bt  iii«ftna  of  ^d  mlphite  of  sodium,  on  ftcootrnt  of  the  greasy  nature  of  the 
cewpomid  l<>niiMi ;  and  the  only  way  of  ^ffi^ctnaLlj  retnoring  this  acetone  is  that 
adopted  by  Bonis,  which  coosiMa  in  repeatedly  diatlUiDg  the  liquid  over  fresh  lumpa 
oi  emwtic  potaah  as  long  as  any  brown  tubstance  rematna  in  the  rei»Mu^. 

Octylic  alcohol  ii  also  produced  by  diBtilling  acetate  of  octyl  (obtmned  from 
Amencan  petroleutn)  with  pc»tdi«h.     (Peloiice  and  Cahourf^  loc,  ciL) 

Octylic  alcohol  is  a  colotir]f>8s  tnuiAparent  oily  liquid,  having  a  strong  aromatic 
odoor  aud  making  grease-spots  on  paper.  It  has  no  action  on  poliiriscd  light 
(Bonia),  Itboilaatl800(BouiB):  at  179^  (Moachnin,  SquirO;  at  180°— 184^ 
(Pel on 20  and  Ca hours).  Specific  gravity  «  a*823  at  17**  (Bouib);  0*826  at  U** 
(Pelou2o  and  Cubourr^V  Vupour-density  ob6.  «-  i*5$  (Bouii):  calc.  ~  4'51. 
Its  composition  is  as  follows  :  ♦ 
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Bachauer,  by  disaolring  aoditim  in  the  alcohol  (purified  by  treatment  with  acid 
Bolphite  of  sodium)  and  treating  the  resulting  mass  with  chloride  of  acetyl,  obtained 
acetate  of  octyl  contaimng  70-0  per  cent  carbon,  aind  119  hydrogpn,  the  formula 
C?H"(C?'H'*)0*  requiring  69'7  carhon,  and  116  hvdrogeD. 

Octylic  alcohol  is  iosolable  in  wattr^  but  dissolves  m  alcohol,  Hhtr^  and  wood-spirit, 
and  Teiy  readily  in  ocrltc  tund.  It  dissolves  phosphcru*^  sulphur,  iodine^  fused 
chhride  of  tine,  fai*,  renns^  and  copal.  It  rapidly  absorbs  hudrochloric  acid  gas. 
which  however  it  gives  off  again  when  heated.  It  combines  with  cMoridr  of  cafcium, 
forming  very  debquescent  prisms,  which  dissolve  in  cold  more  freely  than  in  hot 
octylic  atcohul,  and  are  decompoaed  by  water,     (IJ ou  i *<, ) 

Oetylie  ^eohol,  when  free  from  methyl-cciiAnthyl,  is  not  altered  by  exposure  to  the  air, 
or  bypasaini^  oxygen  through  it  at  the  boiling  hf-at  (Bouis).  It  is  oxidised  by 
nitrie  acid^  yielding;  vartoua  nitty  acids.  Sulphunc  OLHd  dissolves  in  it,  forming  octyl- 
sulphuric  acid,  and  generally  also  octjlene  and  aeutml  octylic  sulphate.  By  fum- 
ittff  sulphuric  acid  it  is  converted,  first  into  octyl-sulphuric  sciil,  then,  on  further  action, 
into  meta-octj'lene  (Bouia).  Fused  chloride  of  zinc  converts  it  into  ot'tylcnc. 
With  gLicial  phosphoric  acid  it  yields  octyl-phosphoric  acid,  Wifh  ht/drochhrir  ai'id, 
pentorhloride  of  pkotphoruSf  bromine  and  pkowpkorus,  and  iodine  and  pho»nhi>rtt»,  it 
exkibita  the  usnal  reactioni  of  alcohols.  With  potassittm  (or  sodittm)  it  yields  a  sub- 
stitution-product.  Heated  with  quirklimr,  it  yields  hydrogen  and  gaseous  hvdro- 
carbouH.  It  rfdnces  oTide  (but  not  nitrate)  of  jw/bct*,  when  heated  with  it,  forming  a 
metjillic  mirror.     (Bouis.) 

OGTT^  BT]»RSBB  OT.  C*H^"  «  C^'H"^.  Hffdrid^  qf  Capfyl—T\\\B 
hydrocarbon  is  one  of  the  constituents  of  American  petroleum,  snd  is  fuund  in  the 
portion  of  the  oil  boiling  betwt^'en  115*^  and  120°  (Pelouze  and  Ca hours,  Ann.  Clu 
Fharm,  cxxvii.  197 ;  Jahresb.  1863»  p.  528) ;  also  among  th«  light  oils  obtained  by 
distilling  Wigan  cannel-coal  at  a  low  temperatura  (Sehorlemmer,  Chem.  Soc»  J. 
zv.  419).  It  is  produei'd,  together  with  many  of  ita  homologue^,  by  the  action  of  xiuc- 
chloride  on  smyUc  ab-otiolr  paasiiig  over,  togother  with  octylene,  in  the  portion  of 
liquid  which  distils  between  110^  and  130^ ;  and  on  treiiting  this  distillate  with 
bromine,  which  unites*  with  the  octylcne,  und  dii»tilling  ngain  under  a  pressure  of  20  mm.« 
the  octylic  hydride  paases  over  at  80°  (Wurtai^  Aim  Ch.  Pharm.  cxx\*iii»  230; 
Jahraab.  1863,  p.  609).  It  is  a  colourle^  liquid,  having  a  faint  othert^al  odour, 
boiling  at  119*^  (Schorlemmer),  at  U6°— 118^  (Wurtz).  at  116^— 118^  (Pelou^o 
and  Ca hours).  Sp<M*iflc  gravity  -  0  7*28  at  (^  (Wurta).  Vapour-dens ily  4(11 
(Wurtz),  calc.  *-  3  917.     Chlorine  converts  it  into  chloride  of  octyl. 


\ 


(Bo u is.    Ann.  Ch.    Plijs.    [3]   xliv.    131. 
t  of  iodine  and  phos- 


OCTTZh  zoBms  or.  CH'^L 
—Squirt-,  Chtm,  8oc.  Qn.  J.  vil  108.)— Obliiined  by  the  action  < 
phonis  on  ix-tylic  alcolinl  It  is  an  oily  liquid,  having  an  odour  of  oranges^  boiling 
with  decfjmposirion  at  211**  (BouisX  a^  1^3^  (Squire).  Specific  gravity  -  1-31  at 
16"  (Bouis).  It  bums  with  a  smoky  flame,  and  turns  red  on  exposure  to  light. 
Heated  with  alcohdic  ammotiia,  k yields  hydriodatd  of  octylamine (Squire,  C a h p u r t<, 
Bouis);  if  the  octylic  iodide  is  in  excess,  di-  and  tri-octylamine  are  likewise  formctl 


*  Tb«  snatyiet  of  eutor^oU  Alcohol  which  agree  niofe  nearljr  with  tlie  7-csTboo  rormuU,  have  beeu 
ilreidy  given  {HL  146). 
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(Bouifl).  With  sodium  or  potOAwmtw  it  behArpA  lika  the  chloride.  Heated  with  pr&* 
toMulphid$  of  sodium  in  alcoholic  soluUou,  it  fonua  sulphide  of  ocfjl  aod  iodide  of 
sodium.  Heated  with  mercury,  it  yidds  inereupou?  iodide^  octjleDC,  ajid  fipee  bydrogeD* 
It»  alcoholic  Bolution  prwipiUtes  ntvcr-salts.     (Bonis.) 

OCrS^  OaUl&S  ar,  (C*H")"0  ?— Obtaiiied,  though  not  pure,  by  distilliiig 
octyktG  of  Bodium  with  chloride  of  octjl-  nho  by  diittilliug  octylic  aloohol  with 
aulphuric  iicid,  the  acid  being  heated  in  a  retort  and  the  alwhol  allowed  to  flow  in 
slowly.     (Bouifl.) 

Ocmb,  BUX^MTOm  op,  (C^H'^'S.— ^Vh*^Il  an  akoholifi  solution  of  proto- 
sulphide  of  sodium  is  heated  with  iodide  of  ortj'lj  till  the  mixture  become*  turbid, 
ETulphide  of  octyl  separates  an  an  oily  tiquid,  lighter  than  water^  and  hATing  aa 
uupleasant  odour.  It  iM  elightty  soluble  in  HlcHjhol;  docomposea  when  heated. 
(Buuis.) 

OCircxaJICXirS.  Capr^laminf.  C»H"N  -  C'H'\H».N.  (W.  B.  Squire, 
Chem.  Soc*  Qu.  J*  vii*  108.— Cahoura,  Ann,  Ch.  Pharm,  xdi.  399. — Bouii| 
Ann.  Ch.  Phya.  [3]  xHt.  139,— Pelouae  and  Cahaura.  Jahreak  1863,  p»  629.) — A 
base  produced  by  heating  alcoholic  ammonia  with  iodide  of  octyl  (Squire,  Cahours, 
EoQis),  or  with  the  chloride  (PelousuB  and  Cahours) ;  also  bv  diBtilliDg  a  mixtoro 
of  0(.*tybnlphate  and  c'yanate  of  potassium,  and  treating  the  restudng  distillate  (which 
cryfitallia«9  readily,  and  probably  coosista  of  cyanale  and  cyanurate  of  octyl)  with 
polaah.    (Bouia.) 

Octylamine  is  a  colourless,  hitter,  very  canatic,  inflammable  liquid,  having  an  ammo* 
niiical  fishy  odour.  Specific  gravity  07^6  (Squire).  BoilLng  point  164°  (Squire)  ; 
J72*-17fi*^  (Cahoura);  176=*  (Bouip);  168=^— 172«  (Pclouzo  and  Cahours). 
Ocfylrtmiue  m  ineolubUe  in  water.  It  precipitatea  metallic  snlt?,  and  dipsolreB  chloride 
of  silver.  With  itHlide  of  octtfl,  it  yields  di-  and  tri*octylamine.  With  the  chlorides  of 
benzoyl  nnd  cumt/l,  it  forms  octyl-benzamide  and  octjlH^umylamide.     (Cahomra.) 

Octyliimine  unites  readily  with  acids.  The  hydriodatt^  C*H**NI,  forma  laig«  plates, 
easily  aolilde  in  water.  The  hydrochlorate^  C'H^HJl,  is  veiy  deliqueacentj  hut  olti- 
mately  crystAlltaoa  in  Tacuo,  in  large  nacreoua  plates.  The  cmoroauratei  C*H*NAuCl\ 
in  deposited  from  dikte  i^olutiona  in  ahining  yellow  laminee  resembling  iodide  of  lead. 
The  rhl4froplatinaif!,  C'H**NPtO*,  neporatea  mim  boiling  solutions  in  shining  golden- 
V  el  low  aeales  or  large  thin  pktea,  easily  soluble  in  alcohol  and  ether.  The  nitrat^^ 
C»H^"N.NO\  and  sulpkaie,  (C*H»N)»90^  are  crystaMisahle  and  readily  soluble  in 
water. 


Caprylenf.  C^H'". — This  hydrocarbon  is  produced,  aa  already  men- 
tioned, by  heating  octylic  alcohol  with  sulphuric  acid  or  fused  chloride  of  xinc  (Bonis); 
by  heating  iodide  or  chloride  of  octyl  with  sodium  or  mercury  (Bonis);  by  heating 
chloride  of  oetyl  with  alcoholic  potash  (Pelouse  and  Cahours);  also,  together  with 
several  other  olefinea  and  many  alcoholic  hydrides,  by  the  action  of  chloride  of  cine  on 
amylic  alcohol  (Wurtz).  It  is  also  formed  tc^ether  with  hydrogen,  marsh-gaa,  and 
other  gaseous  hydrocarbons,  when  pelaieomc  acid  ia  distilled  with  potash-lime,  consti- 
tuting the  greater  part  of  the  liquid  diatillate  thus  obtained,  which  passes  over  betweeD 
106^  atid  110°  (Cahours,  Cnmpt.  rend.  xxxL  143).  It  may  be  obtained  in  like 
manner  from  other  fatty  acids,  vis.  CDnaEthylic,  caprylie»  palmitic  aeid,  ^e.,  and 
appears  to  be  produced  in  the  distillation  of  most  fixed  oils. 

Octylene  is  a  very  mobile  oil,  lighter  than  water  and  insoluble  tlierein,  very  solubla 
in  alcohol  and  ethtT,  It  boils  without  decomposition  at  125"^  (Boiiit);  at  116^  — 
120°  (Cahours);  at  118°— 120*>  (Pelouze  and  Cahours) ;  bdow  120°  (Wurtz) ; 
at  U5°— 117*^  (Schorl em mcr).  Vapour-density,  obs.  =  3 -Se— 3^90  (Bouis);  41) 
(Wurtz) ;  417  (Sc  horlemmer)  ;   calc.  =  3878.    It  bums  with  a  very  bright  flame. 

It  is  violently  attacked  bv  strong  nttric  acid,  yielding  oitro-  and  dinitro-octylene 
(Cahoura).  When  treated  first  with  sesqui-hydratcd  nitric  acid,  2BLNO«.3H*0»  and 
t  hen  with  a  mixture  of  fuming  nitric  acid  and  oil  of  vitriol,  it  yields  d  i  n  i  tro-o  c  ty  1  e  n  e, 
CH'*(NO^)^  which,  after  wnslnng  and  drying,  forma  an  oily  liquid,  heavier  than  watery 
and  slightly  soluble  in  water,  forming  a  solution  having  a  strongly  irritating  odour.  It 
i«  decomposed  by  dij-tillatioD,  giving  ufFn^i  vap4jura,  leaving  abkck  residue,  and  yield- 
ing a  distillate  of  nitro-octyleiift,  C*H'*NO',  a  liquid  possessing  similar  propcrtiei*. 
Octylene  is  not  attacked  by  sodium,  but  if  dry  chlorine  aan  is  passed  into  the  liquid,  a 
violet-coloured  comi>oiHid  having  the  composition  C*H'*ClNa'  or  C'H"Na.NaCl,  ia 
formetl,  with  erolutioti  of  hydrogen.  With  iodine  and  brontijte,  corresponding  com- 
pounds  are  formed.     (Bouis.) 

BSota-ooiTl«iie«  C'*H»'?— A  hydrocarbon  polymeric  with  octylene,  obtained  by  the 
prolongetl  action  of  fuming  sulphuric  acid  on  octylic  alcohol  When  purified  by  wash- 
ing with  water,  ak'ohol  and  flqueyiuH  potai^h,  it  forma  a  colourless  inodorous  liquid  of 


OCTYLENE—ODMYL. 


178 


tpecific  grarily  0*ai4  at  16^,  and  boilloff  with  deoompositton  at  260^.  It  it  imolubb 
in  water,  aearly  inaoloble  in  oold  aloobol,  bmna  with  a  bright  flamet,  is  not  acted  on  hj 
boiling  potaah.    (Bouis.) 

OCrnxsra,  ACST A^TS  of.  C«H"0* »,^^g,^^.  J 0\— Obtained  by  heatingf 

an  ethereal  folution  of  the  bromide  with  accUte  of  silver  to  100**.  It  i«  a  thick  oily 
liquid,  boiUng  between  240®  and  245°  (WortE);  245^  and  2fi0^  (De  Clermont), 

OCnxsVBv  BKOamkB  of.  C*H^*Br'. — Produced  by  direct  comhinAttan 
(e,g.  by  the  action  of  bromine  on  the  tnixtare  of  oc^leae  and  octylic  hydride  o<?onrrt0g 
amongst  tfae  products  of  the  df^compoeition  of  amylic  alcohol  by  chloride  of  tine).  It 
IB  an  amber-eoloured  heavy  liquid,  which  cannot  bo  diiitilled  without  decompoKitian, 
eren  in  rarefied  air.     (Wurtz.) 


or.  C"H^»0*  -  (C-H'*)-.H*.0».  Ocij^tic  Gttft^l 
Octt/ienie  alcvhol,  (P.  DeClernaont,  Compt.  rend.  lii.  8Ct;  Ann.  Ch.  Pharm.  SuppI  iii. 
264.) -^-Obtained  by  decomposing  the  aeetatR  with  finely  pulverised  poUah  added  by  small 
poftionA,diBtiItinig  ui  an  oil-'biUh,  repeating  the  whole  process  seveml  times^  and  ptirif\ing 
the  product  by  fractional  distillatton.  It  is  a  thick,  oily,  colourless,  inodorous  liquitj 
hiring  a  burning  aromstie  taate.  insoluble  in  wster,  eolnhle  in  alcohol  mid  in  etlier. 
Spociac  gm\nty  =^  0*932  at  (F,  and  0*920  at  29°.    Boils  between  236^*  and  240^. 


OOTT&SirS,     STI»RATOCaXtOKlBll     OF. 


C"H"C10    *      (C'H'-rCI 


Odlfleme  CfUorhifdrm, — This  compound  ia  formed:  1.  By  the  action  of  strong  hydro- 
chloric sdd  on  octjlt^nic  alcohol ; — 2.  By  the  action  of  hj'pochloruua  acid  on  octylene. 
The  llrat  reaction  yields  a  very  impure  product  To  prepare  the  compound  by  the 
second,  pure  ootyleoe  is  added  to  a  solution  contidning  2  or  3  per  cent,  hypochlorons 
add,  obtained,  aooording  to  the  method  of  Carina  (Ann.  Ch,  Fharm,  cxxri.  19a).  by 
agitating  chlorine  gas  as  Ave  aa  possible  from  air,  with  mercuric  oxide  pn^riouflly 
heated  to  SOO^i  and  suspended  in  a  small  quantity  of  water. 't' 

The  product  is  a  miiitaro  of  ro^rcuric  caycbloride»  water,  and  hydiatocUoride  of 
octylene.  The  latter  is  extracted  by  ether,  the  mercury  precipitated  b^  sulphydric 
acid,  the  excess  of  acid  neutruliftod  l>y  carbonate  of  Bodiom,  ana  the  liquid  submitted 
to  fraction:il  distillation.  The  hydrutochloride  is  then  obtained  nearly  pure,  in  the 
form  of  an  aromiitic  liquid  boiling  between  204^  and  208°.    (Be  Clermont,  loe.  cit,) 

OCTTBA^'VAX*  A  vegt'table  wilx  obtained  &om  the  fruit  of  MifrUUca  ociiha^ 
officmaUs  or  stbt/tra,  a  plant  growing  abundantly  in  the  marshy  grounds  on  the  shores 
of  the  Amazon  and  its  tributaries.  The  shelled  fruit,  bruised  and  boiled  with  water, 
yields  from  18  to  19  per  cent,  of  the  wax,  which  is  yellowish-white,  of  the  conaistenca 
of  beea-wax,  melts  at  36®,  dissolves  in  lioiling  alcohol.  It  contains,  accoiding  to  Lewy'a 
analysis,  74*0  per  cent,  carbon,  113  hydrogen,  and  147  oxygpn,  but  is  most  probably  a 
mixture  of  different  fata.  It  is  easily  bleached,  and  ia  used  extensively  in  Brazil  for 
the  manufacture  of  camUea* 


OJDinX.  (Anderson,  Ann.  Ch.  Pharm.  liiii.  370.) — When  fat«  or  oils  contain- 
ing oleic  add  are  diatiOed  with  sulphur,  a  fetid  oil  parses  orer,  which  may  he  eepamted 
by  rectification  into  sereral  others,  the  first  of  which  ia  a  limpid  oU  Wiling  at  abK>uf 
71^;  but  the  quantity  of  this  limpid  oil  in  but  small,  and  it  is  not  found  poesible  to 
obtain  fractions  of  constant  boiling  point.  The  crude  oil  disi^iilvtMl  in  alcohol  yields 
precipitates  with  various  metallic  salts.  With  m*»rctiric  chloride,  a  white  precipitsto 
18  formed,  yielding  by  analysis,  1461  per  cent,  carbon,  2*72  hydrogen,  60'(>1  mercury, 
10*26— 10'67  chlorine,  and  1248  sulphur,  whence  Anderson  deduces  llif*  formula 
C^I^8*,*lHgCt  +  (^H'i^JIifS^  reearding  the  precipitate  as  a  compound  of  mercuric 
chloride  and  meroorous  sulphide  with  the  body  Call's*,  which  he  cal\s  ittifphidr  of  odmyi, 
Gerhard  I,  on  the  other  hand  (  Traitk,  ii,  637),  suggests  the  formula  C*H*HgS.HpCL 
(requiring  14*76  C,  280  H,61'22  Hg,  1 1  07  Gland  1Q'16  S),  representirig  it  as  a  compound 
of  moRruric  chloride  wiMi  mercuric  sulphotetTyLii*  (analogous  to  mercuric  eulphethy* 
lst4?  or  mercapttdo,  ii.  648).  The  mercury  precipitate  suspended  in  water  b  blackeDed 
and  decomposed  by  Hult»hydric  iicid,  and  the  liquid  yields  by  distillation  a  limpid  oil, 
lighter  than  water,  ana  haring  a  repukiTo  odour  like  that  of  certain  umbellilerous 
plants.     This  oil  (regarded  by  Anderson  us  Bulphide  of  odmyl^  but  perhaps  consisting 

*  Tihe  praportlonj  rpqnircd  ir«  tA  (frTnji.  nnrrrur4c  oxtde  to  a  litre  at  chlurlne.  The  Afltsnon  muit 
b«  perflyrmed  lu  a  dark  pluce  naA  in  biittln!*  not  cnuutTikng^  mure  thmia  Litrp.  With  larger  quarHiti«<4,iho 
proceta  fsilt  from  ForniArion  ormrrcuric  chlorate.  ^  Pare  hypochloroutadd  It  not  wt>|l  adat'Ced  for  «x< 
[H^rimc'iiti  like  the  sbove,  as  tt  eAtitf  itlrei  ofTchlorine,  ewen  la  dl^lute  loliillon.  The  fo4utlon  abtnlned 
»•  jiut  detcribcHi  should  therefore  tw  mUed  with  a  imail!  ad4itloD«l  quniititr  of  meif  uric  oxide  pr** 
TkHul/  bfittttd  to  lOfP  Mad  •uj()eaded  ii^  m  iin^ll  f^uaoUty  of  water.    (Ca  r  J  u«.> 
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of  tetryl-iiulph)  dnc  ftcid*  or  tetrylic  mercaptan)  girea  with  alcolioHe  bu^tcutms  ehlotidd 
A  wbittt  precipitate  exoctlj^  re«caiibli&g  the  pre^bg,  and  with  pktinic  ^oride  a 
yellow  preoipiti),t<!  tiimilar  to  that  obtaiQed  with  the  ILnipid  otl  obttiiiK^  by  redi^-ing 
the  crude  sulphiirttted  oil. 

OBORZIPS.  A  voktile  baae  obtamed  by  Unverdorben  fewm  bone-oii  It  appears 
to  have  beiii  impure  picoliiie. 

ODOlTTClXiXTB*     See  TritQUOis. 

Oi V AjrTfiXG  JkCOi  and  ETBSB.  (L L e b i g  and  Pelouze,  Ann.  Ch.  Phami. 
xlx.  24L— DtilftH,  ihid.  Ixxx.  290). — The  n^me  cenaathic  elber  waH  \;iren  by  liebfg 
and  Ptdonze  ta  an  ctbureal  liquid  wliich  exiets  in  all  wines  and  h  the  »»oarce  of  their 
peculiar  odouTi  cauBing  a  few  drops  of  wine  left  in  a  buttle  Ig  be  distinctly  amelt^ 
whesTeas  a  mixture  of  pore  alcohol  and  water  of  the  samti  alcoholic  strength  as  wine 
haa  B«irL*ely  any  Oilour.  This  ether  remains  in  small  quantity  aa  an  oily  liquid,*  when 
larg**  quant itira  of  wine  ai-e  distilled ;  it  may  be  obtain<;d  with  greater  facility  bjr 
difitilhng  wine-leos  with  half  ilft  bulk  of  water,  taking  care  that  the  maaa  doea  not 
carboniise.  The  di^jiillatc  contains  a  nmull  qnuntity  of  frc«  acid  from  which  it  may  ba 
freed  by  washing  wah  aquc^ous  carbonate  of  nodium. 

When  thus  purified  Hud  dried,  (stianlhic  ether  la  a  Y4*fy  mobile  liquid,  haTittg  a  very 
strong  Tinous  odour^  almost  intoxioating  when  inhaled.  Iti  taste  ia  very  strong  and 
disagreeable^  It  diasolveif  easily  lo  ether  and  in  alcohol,  eren  when  the  latter  ia  rather 
dilute,  not  perceplibly  in  water.  iSp.  gr,  =  0»e2  (Ltebig  and  Ptjlotize);  0*8726  at 
I5'6«  (D  elf  fa).  Boils  between  225^  and  230-*  (L.  and  P.) ;  at  224°  (Delffi).  It  giv» 
by  analy^^ia  7CI'6 — 715  per  cent*  carbon  and  11'8 — 12  1  hydrogen,  whence  Liebig  and 
Patouzj"  dflducti  tUe  formula  C"if'*0*  (ealc.  72  0  per  cent.  C  and  120  H),  regarding 
tlie  compound  a£  tbo  ethylic  ether  of  mnaathie  iwid,  C''*^^"^*-  Delffe,  on  the  other 
hand,  conaidera  it  to  bo  ideotieal  with  pelnrgouate  of  ethyl,  C^H^'O*  or  C'*H"0*  «- 
C»lii»(C'-'II*)0»,  (rfMjuiring  7 10  per  cent  C  ;ind  118  li).  The  vapour- denaity  m  98 
accopJing  to  Liebig  and  Pelouze;  7€4  at  270°  according  to  Delfls;  the  coleulated 
Ta|x)ur-denHity  of  pehirgooie  ether  is  6 '43. 

By  treating  cenanthie  ether  with  an  alkali,  and  decomposiug  the  product  with  aul- 
phuric  acid,  conunthie  acid  in  obtained  aa  an  oil  which  may  be  wiished  with  warm 
waller,  and  dried  with  cMuride  of  calcium,  or  in  vacuo  over  oil  of  vitrioL  This 
acid  forma  at  13^  a  colourless  buttery  mass,  melting  at  a  higher  temperature  to  a 
colourless,  tasteless,  iuodoronft  oil,  which  reddens  litmus,  and  disaolves  easily  in  alkalia 
and  alkaline  carbonates,  also  in  ether  and  in  alcohol.  It  contains,  according  to  Liebig 
and  Pelouze,  68-6 — 67'&  per  cent,  carbon,  and  11*6  hydrogen,  whence  they  deduee  the 
formula  0*B^*(f  (calc.  08'86  C,  and  llo  H).  Delffii,  on  the  other  hand,  regards  it  aa 
pclaigonic  acid,  C"^'"0*  or  <7H^*0^  which  requires  68-36  G  and  11 -iO  H.  The 
silver-salt  gives  by  analy&is  307  I>er  cent,  silver  (L,  and  P.);  27'1  (Mulder);  40^ 
(Delffa)  ;  pelai^nate  of  silver  contains  40  76  per  cent. 

CEnanthic  Ada^  when  distilled,  fLrnt  gives  off  a  mixture  of  water  and  the  unaltered 
acid,  afterwaidfi  the  so-called  anhydrous  ananthtc  acid,  O^H^^iP",  in  the  form  of  a 
liquid,  which  begins  tu  boil  at  260^  solidifies  at  31^,  and  coatainn,  ae^xtrding  to  liebig 
and  Peloujse,  73  3 — 7*  3  C,  and  12  2  H.  Kow,  as  pclargonic  tuiiA  wbeii  heated  diatila 
alto^ther  unaltered,  liebig  still  regards  cenanthic  acid  as  dii^itinet  from  pelargonie 
Mid.  The  point,  however,  requires  further  investigation,  as  it  is  tn'ident  that  neither 
the  add  nor  the  ether  has  been  obtained  purv.  AtN!ording  to  Fiseher  (Ann.  Ch. 
Pharm,  exv,  247)*  the  so- culled  o^aiiiit hie  acid  U  a  mixture  of  capric  and  eaprylic  acid*. 

Cliloraeiiastblo  Aold  and  Stber.  Malaguti  (Ann.  Cli.  Phys.  [2]  Ixz.  363), 
by  treating  ceotinthie  ether  with  chlorine,  obtained  a  bitter,  fwigrant^  syrupy  liquid, 
sparingly  soluble  in  aletjhnil,  having  a  tifwNjiilic  gravity  of  1'2912  at  16'^,  decomposed  by 
distillation,  and  containing  37 '1-3  per  eent,  C,  6'30  H,  and  48  do  CI,  whence  he  deduees 
the  ibrmuhi  C''*//'*tV*0*.  When  decomposed  by  potash,  it  yields  an  oily  add  oocitaining 
43  2—43  4  percent.  C,  6'3— 66  H,  and  360— 363  Ui,  sgreeing  approximately  with 
th«  formula  C'"//i^C^O". 

For  further  details  respecting  all  these  compounds,  see  Gmetint  Handbook^  xii. 
4o.5— 4tJti. 

<EVAlf TttOXi.  C'H"0  =  C'H"OJL  Hydride  of  (Enantht/L  (Enantkifiie 
Aldfktfd^,  (Bussy  and  Lecanu,  J.  Pharm.  xiii.  #2. — Bnssy,  ifnd,  [3]  8,  821. 
—A  W  Williamson,  Ann,  Ch,  Pharm,  Ixi.  38.— Till ey,  Phil.  Mag.  xxxiii  81.— 
Bertagnini,  Ann.  Cb.  Phorm.  Ixxxv.  281,— Bonis,  Ann.  Ch.  Phys.  xliv.  87)— 
This  body,  which  ia  the  aldehyde  of  cenanthylic  acid,  and  isomeric  with  butyrone.  Is 

*  A  ta/ifl  iiihtiance  ralU^  scnunthlc  nhcr,  whtcb  i«  fn«JiuCi>rtur«]  in  BaviifU.  and  umhI  for  AAvourias 
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pndmetd  by  the  dif  diatiU&tion  of  ciuitor-oil ;  alio,  MCOfdi&g  to  F6>tPr««D  (Ann. 
Ch.  FhsHD.  Ixxxv.  281X  together  with  propylie  tldel^yde  and  other  prodi34^a,  bj  tiie 
di7  dUtiUatioii  ol  «ebat«  of  eadciom. 

PrtpamtioH, — 1.  Th«  yellow  oily  distilUto  obtAined  by  the  dry  distillation  of 
custor-oil  18  •epanted  t^m  tbe  wcUciy  liquid  &nd  distilled  with  Ati*  or  lix  times 
irti  bulk  of  water ;  the  difrtillate,  oonnfftiotf  ol  ttiiaiithol,  with  fm&ll  quiuititie«  of 
acrolein,  amanthjlic  acid  and  utly  Ibtty  acitu^  is  illAkiii  up  with  6  ^ta.  by  weight  of 
water,  which  diiuiolres  out  the  greater  part  of  the  aeroUin,  and  again  diaiiUed  with 
jMire  water,  till  no  mor(>  oi]y  liijaid  remaina ;  thk  distillate  ia  ehaaen  up  with  wvnk 
baryta- water  till  it  no  longer  exhibits  an  acid  reaction,  then  decanted  and  distilleil ; 
and  the  portion  which  gof^  over  between  Iftd'^tind  158**,  is  roUecied  apaft  (below  160^ 
acrolein  dialib  over).  The  pure  ananthol  Uius  obtained  is  dehydmted  by  chloride  of 
calcium  (^^Euasy,  WilHameoD). — 2.  The  product  of  the  dry  diatiUatiQn  of  castor- 
oil  t«  shaJLea  up  with  a  etjlutiou  of  carbonate  of  potasitium,  whereby  a  solntion  is  form^'d 
which  when  heated  to  the  boiling;  point  yields  tiie  cenaDthol  aa  a  aepurate  layer  on  the 
Bur^Mse;  tbie  liquid  ia  remored  aiid  treated  with  a  moderat^^ly  coDcouti^t4)d  solution 
of  acid  sulphite  of  sodinnit  which  diaHolvea  the  <£minthol  and  leare^s  an  oily  liquid 
atnclling  like  a  fi.xed  oiL  The  solution  on  cooling  deposits  Bulphite  of  oBnanthol  and 
aodium,  wMch  must  be  dried  and  decomposed  with  warm  water  contaluiog  hydro- 
chlorte  or  sttlphnric  add  (Bertagnini).    See  alao  Delf  f  s  (Jaliresb.  1S60|  p.  320). 

/Voptmlifa. — ^(Enantbol  is  a  tranaparent,  colourless,  rery  mobiUfl  liquid,  of  ep«  gr, 
0'927.  It  haa  a  ationg*  not  unpleasant  odour,  and  a  taste  sweet  at  Erst,  but  afterwards 
peraiateutly  eharp.  l^fracte  light  Ktrongly.  Boils  between  155^  and  158^  (B  a  say); 
!«&*  and  156'=*  (Willi  am  son);  at  155^  (Tilley);  between  I5l«*and  152^(Stadelor, 
Jahfeab,  1867,  p,  360)*  Vapour-denaity  •  4'139  (Bussy);  from  4  06  to  501 
(Bonis):  by  dtlcnlation  3  962. 

It  difliiolTes  Toiy  sparingly  in  water,  imparting  its  odour,  and  mixes  in  all  propordona 
with  afcohol  and  lihtr. 

When  mobt  onantbol  is  exposed  for  some  time  to  a  low  temperature,  it  yields 
•oloviiesseryitslscifa  hydrate  2C'H^'0.H^0^  smelling  like (nnantholitsell  (Buasy.) 

r  7M>fij.— 1.  When  <pnanthol  ie  subjected  to  oootinned  distillation,   the 

bi  rises,  and  the  residue  in  the  retort  exhibits  a  greater  amount  of  carbon 

(1 ;..._, .  . :  J  uis). — 2.  In  contact  with  the  air,  it  absorbs  oxygen  and  turns  sour;  when 
shaken  up  with  axfgcn,  it  may  absorb  as  much  as  10  per  cent ;  at  the  boiling  point 
the  absorption  goes  on  faster  (Bossy).'— When  cenanthol  which  is  kept  cool,  is 
gradually  mixed  with  a  qujintitv  of  bromine^  sufficient  to  render  the  brown-red  l'oIout 
perman<'nr,  and  pepeAtedly  distill wj  with  water,  a  colourless  liquid  is  obtained,  which 
tunjfi  bmwn  when  dried  by  chlorirle  of  calcium,  or  orer  oil  of  Titriol,  and  attor  being 
frcpd  from  cb'ssolred  hydrobromtc  arid  by  caustic  soda,  contains  40*90  p«»r  cent.  C, 
«'53  H,  and  fh>m  44-8  to  467  Br  (Cni'"»BrO  rf^quires  436  per  cent  C.  6  7  H,  and 
414  Br).  On  distilling  it  with  water,  a  brown  resin  remains  in  tho  retort,  Wh**n 
tenant bol  is  mixed  with  iodim  and  phosphorus,  a  nolent  explosion  ensues  (L i  m  p ri  c  h  t). 
-  4,  CEnanthol  is  conrerted  by  cold  nttnc  acid  of  ordinary  strength  into  metoenan* 
thol;  when  distilled  with  2  pts.  of  a  mixture  of  1  vol.  strong  nitric  acid  and  1  toL 
water,  it  is  gradually  converted  into  oenanthylic  ftcid  (Bussy).  When  cenanthol  is 
heated  with  2  pte.  of  strong  nitric  acid,  great  heat  ia  produced^  red  ▼aponra  are  given 
off,  aod  the  greater  part,  of  the  cenanthol  is  destroyed  (Bnssy).  When  cenanthol  is 
added  by  drops  to  f^trong  nitric  acid  contained  in  a  retort^  a  Tiolent  action  take8  place, 
and  a  mixture  of  nitracpol  (p.  68),  cenanthylic  acid,  caproic  acid  and  nitric  acid  distils 
over,  the  liquid  in  the  retort  containing  oenanthylic  and  caproic  acids  (Till ey),— 
6,  With  ehtorine,  cenanthol  forms  hydrochloric  acid  and  chlortananthol  (Williamson). 
— 6.  (Enanthol  dropped  upon  cryetallit*dc'Ami»ic  acid  takes  fire  with  Tiolent  exploiion  ; 
dilute  chromic  acid  converts  it  into  ajnanthylic  acid  (Bussy). — 7.  With  fuming  oil  of 
ritriol^  it  forms  a  conjugated  acid,  which  yields  crrstailiBable  salts  with  hnryta,  lime, 
and  oxide  of  lead  (Bouis). — 8,  When  repeatedly  distilled  oret  phoapkorie  anhydridr, 
it  yields  oenanthylene  (Bonis). — 9.  With  pmtaekloride  of  phosphorus,  it  becomes 
strongly  heated,  and  yields  a  distillate,  which  when  freed  from  oxychloride  of  phos- 
phorus by  repeated  washing  with  water,  and  from  exce^js  ofcBnantbolby  agitation  with 
acid  sulphite  of  sodium,  oonsiBts  of  nearly  pure  chloride  of  heptylene  (Limprichi). — 
10,  CEuanthol  dropped  upon  fusod  hr/drate  of  potassium  gives  off  hydrogen,  and  forms 
oeo&nthykte  of  potassium  (Tilley). 

C  n**0   +   KHO    -    C-H'^KO*  +  H^ 

When  it  \»  mixe^l  with  a  wlrong  aqueous  solution  of  potash,  eoTi!»iJemble  rtj^e  of  tem- 
perature (akris  phicc.  and  a  salt  of  csnaijthyiic  acid  is  produced,  together  with  an  oil, 
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which  IB  deooiiipoB<*d  bj  simple  diiit  illation,  and  after  being  waslted  or  dutilled  with 
water,  couUins  7 6 '4  per  c«iit.  C  aud  12  4  iptr  c^nt.  H,  and  is  therefore  not  oemuilboL 
Heated  with  alcobuHc  potasb^  CEnanthol  fields  cenanlhybc  acid,  and  an  oil  which  when 
dried  by  chbridn  of  calcium,  contains  77' I  per  cent  C  and  127  H.     (Williamson,) 

11.  Dia tilled  with  qutcklbne^  it  yields  a  distillate  containing  heptylene,  oclrl«i«. 
nonylene,  and  a  hydrocarbon  of  still  higher  boiling  point,  abo  beptylic  alcohol  and 
cenanthyl-ttcetone,  or  hexyl-cBQanthyl,  C"H*0*    (Fit tig,  Ann.  Ch,  Pharm.  cxTii.  76.) 

12.  An  alcoholic  solution  of  cenanlbol,  through  which  kydroehiaric  acid  (fos  is  piuwed, 
vidds  oenan  thy  late  of  ethyl  (Tilley).^13.  (Enanthol  reduces  mtrate  o/\tiiver;  when 
It  in  mixf'd  with  ammonia  and  nitrate  of  sUrer  addi^l,  a  white  prt^cipitate  is  formed^ 
which  ia  reduced  by  limting,  and  hirers  the  reesel.    (Buesy.) 

14*  (EnanthoJ,  g<*ntly  heated  with  zitrC'fthyl,  forms  a  compound  containing  C^*H*0, 
together  with  hydride  of  ethyl  and  hydrate  of  zinc  \ 

4C*H"0   +   Zzn{€m*f     -     2C'*H»0  +   2C*H«  +   ZraHK)*. 

The  compound  C'^H^O  ui  not  of  constant  boiling  point.  (Bieth  and  Beilsteiiv 
Ann.  Ch.  Pharm-  C3ac\'i.  24 L) 

Otmbinatmu.  a.  With  Ammonia.—CEaAnthol  absorbs  a  large  quantity  of  am- 
roouift  gas,  fonning  at  first  a  crystalliin"  compound,  which  afterwards  Hquefles  and  is  oom« 
plcftely  decompo^  by  water  (Tilley.  Limpricht.) — This  ammomacal  compoimdi 
gently  heated  with  hydrocyanic  and  hydrochloric  acids  (as  in  tha  preparation  of 
alanine  &om  TalemlLlehyde,  i.  63)ytelds  ayellowifih  amorphous  bodj»  which  eryataUiaes 
fmm  stroni;  hydrochloric  acid  in  needlea,  and  iippeani  to  hsTe  tha  compoaitioti 
Cni^^NO^.HCl      (Erlenmcyer  and  Schiiffer,  Jahresb.  1863,  p.  36B.) 

0.  With  Acid  Sulphites  of  Alkali^metaU. — (Enanthol  uoitf^  directly  with 
these  salts,  foniiiug  more  or  le^^s  crystaUine  com^iounds,  which  may  likewise  beobtain«<d 
fay  pdj§Aing  sulphurous  anhydride  iuto  a  recently  prepared  solution  of  cenanthol  in 
alcoholic  ammouia,  potash  or  Bod». 

The  ammonium-salt,  C'H"(NH')SO*,  forms  small  shining  prisms,  sparingly  soluble 
in  water  and  in  alcohol  They  are  decomposed  by  boiling  with  water,  giving  offaeoan- 
tholp  and  leaving  a  solution  of  ueid  sulphite  of  ammonium.  Heated  with  potash^Ume^ 
or  by  itself  in  a  scaled  tube  to  260*='— 270'*,  it  yields  tri-hexylaraine,  C]^*H"N  m. 
N(CH*')»*     (Petersen  and  Gossmann,  Jahresb,  1867.  p.  388.) 

The  poiassium-^t  is  obtained  as  a  pulpy  moss^  which  gradually  becomes  crystalMnav 
and  sepamtes  from  alcoholic  solution  in  smnU  needlee. 

The  sodium-sali,  C^^*NaSO'.2H'0t  crystallises  in  Tery  brilliant  interlaced  scaleOp 
unctuous  to  the  touch,  and  exhaliiij3^  the  odour  of  cenanthol.  They  dissolve  eaaUy  in 
water,  either  cold  or  warm,  nithout  decomposition,  but  the  ^olutiou  is  decomposed  by 
boiling,  especially  in  presence  of  an  acid  or  an  alkali*  drops  of  a&nanthol  sepamtinx 
out.  The  cryt^tds  dii^Ive  vffiy  easily  in  hot  alcohol,  bot  are  nearly  insoluble  in  cold 
akohoL 

The  aqueous  solution  furms  with  salts  of  barium,  lead,  or  jn'hvr,  copious  precipitates 
containing  cenanthol  chemically  combined.— ^^^w/mta  added  to  i\w  aquKJUs  solution 
fbnas  an  abundant  curdy  precipitate,  which  soon  disappears,  oily  dropa  coUecting  at 
the  same  time  ou  the  tjurface  of  the  liquid. — The  cold  aqneous  solution  is  not  decom- 
poeed  by  addition  of  a  large  qiuintity  of  suJpAuric  or  hifdroehtorie  ttcid^  the  compound 
even  crystallising  unaltered  frum  an  acid  solutioD.  Chlorine  and  hnmin^  dacoiaposB 
it  instantly  at  ordinary  temperatures ;  iodine  only  with  aid  of  heat  ' 

TfticHLOiiCEyjLNTHOL,  C'H"C1*0, — Produccd  by  the  action  of  chlorine  gas  on  oenan- 
thoL  It  is  a  nscid  oil  heavier  thou  water^  and  Iiaving  an  agreeable  odour  somewhat 
like  that  of  caoutchouc.     It  blackens  when  distilled,  giTing  off  hydrochloric  acid. 

BCtttOBti&iitlioli  C'H"0.— Thi»  compound,  isomeric  with  mntinthol,  is  prodnced 
by  agitating  the  hitter  with  nitric  acid  at  0^.  If  the  liquid  l^e  then  left  to  itself  for 
24  hours,  then  poured  into  a  shallow  dish,  and  expoiii'd  iu  a  cold  places,  meteenantbol 
is  obtained  in  bi'autitul  cryBtals»  which  remain  solid  up  to  the  temperature  of  6**  or  6*, 
are  inodorous,  diseolv©  in  ttoiling  alcohol,  and  finally  crj'stiillise  again  on  cooling. 
The  compound  melt*  when  heated,  and  boilfl  at  230**.  It  is  not  decomposed  at  ordi- 
luii-y  tern pcratu res  by  ammonia,  ptJtJiwh  or  soda.     (Buaay.) 

lEXMMTMTrWM  C^H^'O.— The  hypothetical  radicle  of  mn  an  thy  lie  acid  and  ita 
derivatives.     The  same  name  ia  sometimes,  but  inappropriately,  given  to  heptyl,  CTH"*. 

lEMAXTWWI,^  CBXOmZBB  OF.  C^H"OCl— Obtained  by  distilling  onan* 
1  hylic  fieid  i*dtb  pentaehlonde  of  phosphorus.  It  in  de>composed  by  water  into  bydio- 
t'liloric  and  tpnanthylic  acidii.     (Ca hours,  Compt.  rend.  jlxv.  724*) 

«B»AimnX,    BTOmiUS  or.     Syn,    with    CENAifTHoi  ^p.  174). 
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8e«  CEHAirmTLOirK  (p,  17d) 

Produced  by  thti  uclion  of  Ammoaui  on  oBnanthylic  anhjrdride.  CrystAJIiaes  from  « 
boiling  dilate  aJoobotic  nolutioti  to  small  scales;  oocneibn&lly*  howerer,  the  crystalliatitioii 
does  not  begin  till  some  time  afier  the  solutioakas  completely  oooled*  (Cht02£&  and 
Malcrba,  Gerkardi'M  Traiti,  ii,  7*28,) 

qarAJtyKTMC  iLCZX».  C*E**0*  »  ^h*^(^'  (Laureate  AniL  Ch' 
I%8,  Ixvi  173-— Tilley,  Ann.  Ch.  Pbapm.  iXKix.  160;  Ixvii,  106, — Buasy,  J, 
Ffamrm.  [3]  riii.  329<— Schneider,  Ann.  Ch.  Fbarm.  Ixx.  112. — ArsbJicher,  iifid, 
exxiii  300, — Bras ier  and  GosslAtli,  ihid.  bcxvi.  268).— This  acid  was  dnit  obtained 
by  Laurent  in  an  impure  state^  and  called  azokic  acid  ;  BerseUus  c&Ued  it  aboieic  acid. 
It  occurs  in  the  fosel-oil  of  spirit  prepared  from  maize. 

It  is  produced  br  the  ox.idaf  ion  of  mnj^nthol  in  the  air,  or  in  oxygen  gas,  or  when  that 
compound  is  boiled  with  nitric  acid  (Bussy,  Tilley),  or  with  chromic  acid  (Eruzier 
and  Gossleth);  al«>  by  boiling  ca«t«r-oil  with  dilute  nitric  acid  (Tilley),  or  with 
chromic  acid  (A  r  sac  her);  by  heating  tlio  dif^tillate  obtained  from  castor-oil  with  nitric 
add  (Schneider,  Ann,  Ch.  Fharm.  Ixx.  112),  or  that  from  oleic  acid  with  strong  nitric 
acid  (La  n  r  e  n  t,  Redtenbaeher,  lix.  4 1 ) ;  by  oxitlising  heptylic  alcohol  with  chroTntite 
of  pouasiom  and  sulphuric  add  (Schorlemm<»r,  Pnjc,  Roy.  Soc.  xiv.  171);  by  the 
action  of  nitric  acid  on  Chinese  wax,  (Buck ton,  Chem.  Soc  J.  x.  166);  on  asekie 
add,  and  on  spermaceti  (Arppe,  Ann.  Ch.  Pharm.  cxx.  288) ;  by  the  action  of  potaitb 
oo  asaantbol  (Bussy,  p.  17^) ;  u^d  by  melting  scbacic  acid  with  potash  (Koch.  Ann. 
Oh.  Phano.  cxix.  173). 

Prtparaiion, — 1  pt  of  cnnutitbol  is  distilled  with  2  pta.  of  a  mixtnre  of  1  rol 
strong  nitric  acid  and  2  rot.  water  titl  the  greater  part  has  passed  over ;  the  oi]y  diM* 
tillate  decs n ted  from  the  acid  water  is  saturated  with  Ijaiyta- water  and  evaporated  to 
the  crystatlising  point;  and  the  barium-salt  which  crystalliaaB  out  is  deoompoaed  by 
sulphuric  or  phosphoric  acid ;  the  oenatithylic  acid  then  riaea  to  the  itirfaoe  in  the  form 
of  a  colourless  liquid.  An  a^lditionul  quantity  of  cenanthylate  of  barium  tuny  ha 
obtftined  by  washing  the  residnp  in  the  retort  with  water,  which  extract*  oxalic  aud 
nitric  acida,  and  neutmiising  with  baryta- Wiiter.     (Bui^s  y.) 

2,  A  mixture  of  1  pt.  castor-oil  and  2  pta.  of  nitric  aei<!,  dikted  with  an  equal  bulk 
of  water,  is  heated  in  a  retort;  a  violent  action  then  takes  placn,  ao  tlrnt  the  retort 
must  be  remoTfd  from  the  fiLre  till  tt  diminkheai  afler  which  the  diMillation  is  con- 
tinued for  aeveral  days.  The  reeetTBr  oontaina  the  oily  acid  ;  the  r^toit,  the  wiitery 
liquid  and  a  thick  fatty  substance  which,  when  distilled  with  water,  yields  a  kigi' 
additional  quantity  of  the  oily  acid.  The  proilnct  is  wiushed  with  water,  distilled 
with  water,  and  dried  by  fused  phosphoric  acuL     (Til ley.) 

Properties. — CEnanthylic  acid  ik  a  transparent  colourless  oil,  having  an  unpleasant 
odour  like  that  of  cod-titih,  faiiit  in  the  cold,  but  becoming  stronger  at  higher  tempera- 
ttmi,  mad  a  pungent  exciting  taste.  It  begins  to  boti  at  HS*^,  but  decomposes  and 
bladum  when  subjected  to  continued  distillation  (Til ley)  ;  boils  at  212°  (Strecker)^ 
Lehrb.  t.  96).  According  to  StiLdeler  (Jahresb,  1857,  p.  148),  it  has  a  specific 
gianty  of  0-9167  at  24°,  and  boils  at  218°  It  dissolves  in  strong  nitric  acid,  and  is 
pradpttited  tbeirefrom  by  water.     It  is  soluble  in  alcohoi  and  in  €ther. 

Jkpommomiimt, — 1.  CEnanthylic  acid  bturns  with  a  white  flame  (Tilley).  — 
2.  Heataa  with  toda^iry  it  forms  a  neutral  oil  (Arsbiicher). — 3.  Heated  wiihpotaah-iime 
it  yielda  niseoaa  and  liquid  hydrocarbons  of  the  formula  C"IP*  (C  a  hours,  Compt. 
rend*  xzzi.  141).— 4,  Heated  with  baryta^  it  yields  a  hydrocarbon  boUing  at  about 
68**,  and  haring  the  comttosition  of  hydride  of  heivl.  C*H**  (Riche,  Jahresb.  1860. 
p.  240). — 6.  Vrnen  distilled  with  ptntachloridf.  oj  pkosphioruSf  it  yields  chloride  of 
cenanthyt  (C ah  ours,  Compt  rend.  xxr.  724). — 6.  A  crncentrated  solution  of  csnan- 
thylat«  of  potassium  decomposed  by  a  current  of  six  Bunfien^s  cells,  gives  off  hydrogen 
and  carbonie  acid,  while  neuLrfU  acid  and  carbonate  of  potassium  are  form^-d,  and  an 
oil  rises  to  the  surface,  which  whendistiUed  with  potash,  leaves  ronanthylafe  of  potassium 
and  yiehls  a  distillate  con^tisting  mainly  of  hezyl  and  a  hydrocarbon,  C*^H^*,  boiling  at 
170^.     (BraEicr  and  Gossleth,) 

CEjrAjrnm.ATKs,  C*H"MO  and  C'*H'*M"0\ — The  ammonium  and  p&tassium 
Moliu  are  very  aoluble  in  water, — The  barium-wiU,  C'*H*Bba"0*  (prepared  as  above) 
forms  white  nacreous  Bcalea  or  lancet-shaped  tablets.  It  has  a  faint,  slightly  bitter 
ttiste,  exhales  an  odour  of  perspiration  when  rubbed  between  the  flcgers ;  dissolves  in 
67  pis.  water,  at  23^  (Bussy),  very  easily  in  hot  wat4*r,  still  more  easily  in  hot  alcohol 
of  85  percent.  (Ar«baeher) ;  insoluble  in  ether. — The  copprr-stttt  separates  after  a 
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whOfi  hvm  &  mirture  of  th«  frevf  acid  with  cupric  acetate,  in  nc^diea  baring  a  flue 
gfMsn  oolour  and  ailky  lu*tre. — Thi*  kad-»alt  is  precipitnted  by  neatnU  acettite  of  leiixl, 
from  a  solution  of  <nDiuithjlHt«  of  potAsalam^  as  a  lemon-yellow  povder^  insoluble  in 
wutcr«  but  soluble  in  boiling  alcobol,  whenc«  it  i}«{uinitea  in  small  scales  on  cooling — 
The  siiver-salt,  C^H**AgO',  is  obtained  on  adding  nitrate  of  silver  to  the  acid  neulndisiHl 
with  ammonia,  as  a  white  prGcipitnto,  iniioluble  in  water,  and  turning  bmwn  on  expo- 
sore  to  light.  By  dry  diciitillatioii,  it  yields  an  oil^  and  a  solid  substiuice  wbicll 
crystallises  in  needles  from  hot  alcohol ;  both  are  acid 

(Enttn  tk^t.  A  nht/droug  (Enan  thtflio  acid.  (Chiof«a  andMalerba,  Ann .  Ch-  Pharm . 
3cci-  10*2). — Produced  by  the  action  of  pentachloride  of  phosphorus  on  (snanthylatA 
of  potassium.  It  is  a  colourless  oil,  of  specific  gniTity  091  at  14^,  At  onlinary 
tem|>«?rat\ire»  it  has  a  faint  odoar,  like  that  of  caprylie  anhydride.  It  gives  out  an  aro- 
matic odour  when  heated,  and  smetlB  rancid  if  kept  in  badly  closed  Tesssels. 

With  alkidis  it  behaves  like  other  anhydrides,  and  with  canstio  ammoaia  H  yielda 
CBUftnthykmide,  N.C'H'"0.m 

<8ir.ajrrHT&ZO  ItTBBmS.  L  (Enanthylate  of  Etkyl,  C^W*{C^*)0',  Is 
obtained  by  passing  hydpochloric  acid  gas  through  an  alcoholic  solution  of  ceaanthyllc 
acid  (T  i  1  ley ),  or  oananthol  ( W  i  1 1  i  a  m  $<  0  n).  1 1  is  a  colourless  oQ,  lighter  than  water, 
and  Bolidilying  in  a  freezing  mixture  ;  hiin  a  ple^ant  fruity  odour;  is  insoluble  in  wat«r 
but  dissoWes  eaaily  in  alcohol  and  ethtsr;  dUlils  oaaily  but  with  constantly  rinng 
boiling  point ;  bums  with  a  clear  but  j^liginous  flame. 

2.  (Enanih^Utr  of  Phen^J,  C'H'"(C»H*)a^  produced  by  the  action  of  cliloiide 
of  GBuanthyl  on  pheDjIic  alcohol,  i^  an  oil  boiling  between  27^^  and  280°,  (C a  hours, 
Compt.  rend*  xixviii.  257) 

C'H«O.C»HH).0.— See  Bbkio* 


IBNAlCTHTLiC   A2«UYl>[llI)E  (L   656). 

<EV  AM  TM  S  I.O-CinttIlfXO 

CENAKTUYLic  Anrydrtub  (ii.  ISO). 


Cr0^*O.C'*H"O,O.— See  Cmmf- 


C'H"'0.€*H'*.  (EnanthyhaceUme,  (U  sla  r 
and  Seckanip,  Ann.  Ch,  Phiirm>  CTiii.  179.) — Produced  by  the  dry  distillation  of 
oenunthylate  of  calcium,  &n<l  puriiied  by  rectificatiou  and  cry stalliaution  from  alcohol. 
It  djBtalHset^  in  large  colourless  huninst',  of  specific  gravity  0825,  melts  at  30^,  solidiiies 
again  at  295'^,  boib*  at  264^ 

Til  ley  (Ann.  Ch.  Pharm.  bcrii,  110),  by  heating  1  pt.  of  cnnanthol  with  5  or  6  pts. 
hydmtt^  of  potassium^  obtained  an  oU  boiling  at  120'',  and  containing  79'3  per  cent, 
carbon  and  133  percent,  hydrogen.  To  this  compound  Tilley  assigned  the  formuht 
C^*IP*0  (requiring  7B*2  per  coot.  C.  13'3  H,  and  7*5  oxygen),  deaignJiting  it  as  hydride 
(if  miantJiyl.  Omelin  {Ilaitdbook,  x\u  451)  euggcatfl  that  it  may  be  CDUanthylone, 
the  formula  of  which  requires  78  8  pi-r  cent.  C,  131 IL,  and  81  0. 

CBWAJrTBTL-fiiriiPHTTltZC  AOIll,  Syn.  with  HfiPTTL-suLl'BrEic  Acin 
(ill.  149). 

IBiTAirTaYXiairs  A-CXD,    Syn.  witJi  CExANTHic  Acid  (p.  174). 

ffiirOXf.    Syn.  with  Mesitylkke  (Be radius), 

mNOJiXXi,  C'*I1^*0*. — A  colouring  matter  obtained  from  red  wine  by  predpi- 
t^iting  with  boKJc  acf'tat^  of  lead,  eihaujtfln^  thedrifd  precipitate  with  ether  containing 
hydrochloric  iudd,  then  with  pure  ether,  digesting  the  jiir*dried  re«idue  with  alcohol, 
and  mixing  the  conceDtrat^d  alcoholic  solution  with  water.  CEnolin  is  then  ppr>cipitoted 
in  a  mass,  which  is  brown*reii  while  moiHt,  nearly  black  when  dry,  b«t  yiVlds  a  Tiolet- 
red  or  brown-red  powder;  it  is  nearly  iusoluble  in  pure  water,  more  soluble  in  water 
containing  vegetable  acids,  easily  soluble  in  alcohol,  ins4jluble  in  ether.  It  forms  a 
lead-compound  conttiuing  C^*ir"Ppb"0'^  (QUnard,  Compt  rend.  :dviL  268  j 
Jahrf^sb.  1861,  p.  476.) 

mmomMTwu 

strength  of  winesi. 

fElTTZi.     Syn.  with  Mbsityl. 

CEBST£IITITS.  A  silico-titAtiatc  of  Eirconinm  occurring  atArendal  in  Nonmy, 
eommonly  in  crystals  of  pyroxene,  in  dimetric  crystahi  in  which  P:  P  —  123°  16jV 
Hardness  »  6*5.  Specific  granty  =*  3-62&.  ft  is  opiiqne  or  subtranFlncent,  with 
T^ddiah-brown  colour,  and  splendent  adamantine  Instre.     lufhsihle  before  the  blow- 

§»pe,   and   according   to   Berztilins,  gives  a  tmco  of  tin.      Contains,  according  to 
orelihammer  (Pogg,   Auu,   xxxv.  680),    1971   per   cent,    silico,    (J«79    titanic 


A  hydrometer  specially  adapted  for  determining  the  okohoiic 
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anttydridp  norl  streoDia,  2*61  lime,  2*05  magn«*ii3i,  I' 14  ferronj  oxide,  and  5*52  watfif 
(-   100). 

OFFA  SSXiBIOlf  TIZ.  An  old  name  for  add c&rboiuiie  of  ammotiitun  pf^ecipitated 
1  y  alt'johol  from  nqueou^  M:»lutioD. 

OaSOZTS*     8«e  RiFrDOUTl. 

OX&  OAB.  When  a  fat  oil  is  made  ti>  fall  in  diops  on  iron  or  ^arthf nwiur«  at  a 
low  red  heat,  it  is  for  the  tno^t  part  rettotved  into  a  gaseon««  mixture  of  ethyl^ue,  marsh- 
g9»,  hydrogen*  carbonic  oxide,  and  the  vupours  of  benzene  and  certain  emp)Tt>tin]aH(*  oili. 
Tho  gaa  thus  obfiiined  i»  far  superior  IQ  iHuminiitind:  power  to  coal-gaa,  and  waa 
manufiietiiMd  lome  yenm  ago  on  •  Bomewhat  considerable  scale,  and  sold,  oondeneed  in 
strong  boD cylinders,  as  "  portable  pm; "  but  tbe  proceas  was  not  found  profitable^  and 
haa  hf^m  long  since  ahandotifNi  For  a  description  of  it  see  Ute'i  Diciionofy  of 
ChfmUiry,  4th  ed.  p.  642. 

OZlii»  OBnSAWB,  or  SSVZCA^  A  name  §oinetiniefl  applied  to  Americnn 
prtrol*'ura,  liecauBti  it  waa  forni«rljr  collected  and  sold  b^  the  Seneca  and  other  ludiann. 

OZXi,  IKXirSKAXh     See  Petbolkum. 

OXl,  QT  VXT&ZOli.    Strong  sulphuiic  add 

OZZi  oi*  irars.    8ee  Zmzuitf  (ii.  607). 

OZZiS*  The  term  "oil*  waa  oHginaily  applied  to  certain  well-known  neutral  com- 
pr»uD«la  occurring  in  the  bodtp^  of  Li  ving  plants  and  anifflals,  and  po^setu^ing  the  following 
propertiea  : — They  are  liquid  at  common  lempefutarfle;  hare  a  nior«  or  lesa  viscid  con- 
f(i»tenee;  are  insoluble  or  nearlj  inMihible  in  water,  but  dti^sulve  mors  or  lees  readily 
in  alcohol,  rer}'  eai^ily  and  in  all  proportitjns  in  ethtT  ;  tjike  fire  when  strongly  heated  in 
the  air,  and  bum  either  alone  or  by  meuns  of  n  wick,  with  a  more  or  lew  ftiHginons 
ilame.  There  are  manj  other  liquids  [tOMeewjing  the  peculiftf  conPiMeni'*  callcnl  ''oily/* 
namely,  some  membewofthe  fatty  add  series,  butyric,  valerianic^  cAproic  acid,  &c., 
many  organic  bases,  fts  the  higher  homologucs  of  ethylamint*,  certain  natural  alkaloids 
-> — nicotine  and  conine  for  eiJinvple^and  most  of  the  eompotind  ethers*  But  when  we 
i^iM^k  of  an  **oil"  we  generally  mean  n  neutral  Ixxly,  forrotMl  by  ntiiural  proeetwes  in 
the  liriog  animal  op  Tegefable  orgiiui^m,  and  poHscssing  the  properties  jujjt  specified; 
and  in  that  sctise  the  word  will  bt  u«ed  in  the  pre*ent  articl*". 

Natural  Oila  are  divided  into  two  great  cbutses,  fat  or  fixed  oils,  and  Tolntile  or 
I'iiseiitial  oils. 

A.^Fat  OB  FixBD  Oils. 

These  bodies  exhibit  very  great  fimiLu'it^  of  chemical  eom position,  moat  of  them 
btfing  glyeerides,  and  resolvable  by  aaponification  into  glycerin  and  certain  fatty 
aeidSf  chiefly  stearic,  palmidc  and  oleic  acidfl.  They  fnrtln  f  re.Henible  one  another 
in  not  being  capable  of  distilling  without  decompoaition,  by  which  character,  aa 
well  as  by  their  composition,  they  are  easily  diatinguished  fnim  the  volatile  oila.  Fat 
oila  are  divided  into  drying  and  non-drying  oils.  The  former  thicken  wh(>n  ex- 
posed to  the  air,  ubiiorbmg  oxygen,  and  being  ultimately  converted,  if  nprtfad  over  a 
mrgjb  warhct*,  inton  yellowish,  tnuisparent,  supple  membrane  i^r  varnish,  Thiii  profierty 
rendeti  them  available  ibr  the  prepanition  of  Tamtsbes  and  oil-coloTini.  To  this  chum 
belong  Unaeed,  nut,  hemp  and  poppy  oila ;  they  contain  an  oh  in  dilTere tit  from  that 
of  the  non-drying  oils,  and  yifdaing  by  saponiflcation,  not  oleic,  but  linoli^ic  acid  or  an 
add  similar  thereto. 

The  non-drying  oil«  are  likewise  ^raduall^  altered  by  exposure  to  the  air,  thougli  in 
a  different  mttonfr.  They  turn  mncid,  thai  is  to  say.  they  acquire  an  acrid,  disiigi^eabte 
liu^to,  gtaduaUy  lose  their  colour,  and  to  a  certain  extent  their  fluidity,  and  acquire  the 
power  of  reddening  litmus.  This  alteration-  -which  never  takes  place  in  pure  glyceridee, 
such  as  stearin,  pftlmitin  or  olpin,  or  in  mixturt^s  of  them — is  due  to  the  preireace  of 
foreign  matters,  namely,  the  cellular  substance  of  the  plant  or  nninial  fr<jm  which  the 
oil  haa  been  extracted.  These  sub»tance«  act  aa  fcrmentM,  and  givo  ri«e  to  the  decom> 
position  of  a  small  quantity  of  fatty  matter  in  contact  with  th$m,  the  palmitic,  oleic 
acid,  &c.,  of  this  poiiion  of  the  oil  being  then  set  fr&t,  and  small  quantities  of  odorous 
Toli^o  acids  (butyric^  vnlerianic,  caproic)  being  formed  at  th**  same  time,  probably 
from  atmospheric  oxidation.  By  exhausting  rancid  oiL^  with  boiling  water,  and 
treating  them  in  the  cold  with  a  weak  alkaline  mlution,  they  may  be  fre^  from  these 
products  of  decomposition  and  restored  to  their  original  state. 

The  mode  of  occnrrence  of  fait  oila  in  the  bodiea  of  plants  and  animals,  their  decom- 
pfisirion  by  distillation,  and  their  reactioni  with  alkiihs,  aciiK  &c.,  have  already  been 
dl^scril>ed  under  Fats  nufl  GLYCEKmaa.  The  indiiiduad  oils  are  described  in  th«»ir 
TCsjwTtive  tdphabetieul  phvtes.     For  the  methods  of  extnictiou  on  the  large  wale,  ajid 
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purification,  see  Uf^Jt  BkL  of  Art»,  &e.  iii.  27e.  The  foUowiiig  toble  eihibitB  a  ll^t 
of  the  princifkdl  iregt^tftble  ftkt  ttiK  together  with  tbtir  Bpp<?ific  puritiea  liiid  w>lidifriog 
points,  80  far  as  ih&y  harp  been  drtJPnninwL  The  specific  ^vitie«  ituirk**d  witb  &n 
asterisk  are  according  to  del<«riiii nations  (taken  at  15°)  by  CIope  (BuJL  Sdc  Chim. 
1866,  p.  46) :  the  rest,  and  the  aolidiiyiog  points,  ar«  t^ken  frona  G^nrihi*^  Handbaak^ 
Thft  nQmbpTB  in  the  list  column  d^-note  Ibe  tempi*riiturc=s  lit  which  the  uik  be-eoiu* 
perfectly  solid  I  nearly  all  of  them,  however,  become  viscous  or  semi-solid  at  tempera- 
tari»  somewhat  higher. 


KAmvofOIL 

Kunc  of  plut  «bjch 
;ldd«  It. 

SpeeJQc 

£»li4jrjEtii 

polliL 

1,  Davlmo  Oils. 

Cre.sS'Se«d  oil     . 

Lepidiam  saiwum 

0-924 

-  16^ 

Oil  of  Deadly  Nightshade  . 

Atropu  Belladonna    , 

0-925 

-  27-6^ 

Oil  of  Gold-of-Pl^aiitirfl  seed 

Coffuiifm  antiva 

0-93075* 

-  \^ 

Qk)urd-seed  oil  . 

Cucurbiia  Fepo 

0^231 

^  \S^ 

Gmpe-aee»d  oil  . 

ViltM  tint/era    , 

o-uaoa 

-  no 

Hemp^seed  oil  . 

Cannaina  sathia          , 

O-tSOTfi* 

-  27 -5^^ 

Oil  of  HoMsty . 

HFSpfrii  matronatii  .         ♦ 

0-^32 

iM^low  *  16<* 

Iin«<^  oil 

lAnum  ti^itatifnmum 

0^3615* 

below  ^  20^ 

Oil  of  Madi      , 

Madia  satitia    . 

0  9286  at  15° 

below  ^  10^ 

Poppy  oil 
Sunlower  oil     . 

092702* 

-  18« 

0-92604* 

-  16^ 

OiJ  of  Scotch  Fir  seed 

Pinut  »ylvf atria 

(}-9312 

-  30*' 

Oil  of  Silver  F!r  conea 

Ahiet  Picfo^  Dec, 

0^26 

Oil  Df  Spmee  Fir       . 

Abie*  exctlta,  Dec.     , 

0-9283 

below  -  16* 

'  Fatty  oU  dl  Spruce  Fir 

.         .         *         .         . 

0-904 

Tqbaffln-ae'd  oil 

I^icotwna  Tahacuvi    , 

0-92S2 

-  16° 

Wnlnut  or  Nut  oU     . 

Juffiana  ff^ia    . 

0-92&7e* 

-  18^ 

Weld-seed  oil    . 

Rtt^da  tuicula    *        M,        m 

09368 

below  - 15** 

%  NoK-DBTTifo  Ohm 

{V*^€t^ik), 

Almond  oil        .        •        . 

Amygdalu*  c&tmmmiM 

0-91844* 

~%V> 

Bf>«Gh~nut  oil    * 

Fag\ia  sjfli^aika         *        , 

0-923 

-  17-6' 

Oil  from  seed  of 

Mukafhyndoaa           , 

0-917 

+  10" 

Oil  fh)ni  seed  of 

0-942 

-K    fi"* 

Oil  tpom  teed  of 

CoMariu/fi  mmmunt  , 

+  6t(j^2-&*^ 

Caator-oiL 

Ei^nua  c&mmuma     . 

0-9639* 

-  Igo 

Cotton -»eod  oil 

G&ta^ium  harhitdtfi*f 
Bt€tM^ti^a  eampealHa  (^e^era 

0-9306 

ColziKkil   ,         .         ,         t 

0-9136  at  16° 

-  6-26^ 

Croton-oil 

Crotm  Tiglivm 

0-04203  » 

Oil  «f  Cypems-grasa  * 
Oil    of    Daphne    {deum^ 
teminum  Ckfceoffnidii)      , 

Daphne  Meitrtum     . 

0-918 
0-014^0-921 

Barth-ntit  oil     . 

Arathi^  h^oc^a 

0-918 

Ergot-oil  .         »         .         , 

Secait  cornittifm         .         ♦ 

0-922 

"-37^ 

Hazel- out  oil     ♦ 

Cm-ytus  Atxiiana 

0-91987* 

«  l&o 

Henbane '»e«d  oil 

Ht^cyatfiua  nigra    . 

0913* 

Horeechpsnut  oil 

0-916 

+  8' 

M6«ua-oil .        ,        .        . 

Mt^wif^rta    . 

0-964 

+  6° 

Black  muBtard  oil 

Sinapia  nigra    , 
SiTtapia  ijfba 

0-fl2102* 

below  ff* 

White  muatatd  oil     . 

0-93383* 

do«  aot  iolkUf^ 

Oil  from  seed  of 

iVii^f/Za  satifiA    . 

092 

+   2° 

Oil  from  root  and  seed  of 

Iinu4  quadriffiliit 

0936 

Fartley-oil 

Feiroadinum  sativum 

1-078  at  12° 

t  tsreontM  turbid 
(  not  M^iiijifv 

—  8  7^ 

Flam-kemel  oil 

Prttnua  d^mtatica 

0-9127 

Oil  from  seed  of 

Pfm^mia  glabra 

0-916 

+  S'*             1 

Summer  Rape-se^  oil 

BraamcQ  prmoox 

0-91656* 

Winter  Rape-seed  oil 

Braamea  iinpm 

09164&* 

4  little  b«lov  OP 

Sfsam^-oil 

Sotamum  orientak    . 

0  92416* 

-  60 

8ptndte-tTee  oil 

Etipk&rhia  Latiyria  . 

0  9671?* 

-12°  to -16" 

Spurge-oil 

0-92613* 

-  lUO 

CM  from  seed  of 

Siercuiia  fatida 

0^923 

below  +  3° 

Oil  tram  Tariona  kiodi  of 

Thea  and  Camdiia    . 

0927 

\      i»Daa£4-QO 
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drying  oil*  expcwed  U>  the  nir  for  18  months  incre4ift« 


t 


w<ight  by  ttbout  7  iSSfiii^rDt  (10  grm*.  Unseed  oil  iQcrensed  to  10703;  10  grm*. 
I^jppy  oil  to  lO'TOff;  10  irms.  h*'mp  oH  to  10'778) :  non-drying  oil^.  which  thickflu  but 
ft  lightly  on  expusare  tu  air,  giiin  from  3  to  5  per  cvnt.  (10  grms.  oHre  oil  incretised  to 
lu:i72;  ftlmond  oii  to  10  459;  Cftitor  aQ  to  10-268;  horse-chesntit  oil  to  10*642); 
thoAL'  which  Ihieken  coniidcrably,  such  a8  rape,  crotoa,  and  mastard  oiltt,  gain  in  tho 
■am«;  time  ^tm  6  to  7  per  cent. 

3,  Fi^  Ottfl,  Tkese  are  non-drj^ng  oil*,  obtained  from  fiah  and  cetaceom  animAla : 
fhvf  httr«»  ttimally  an  oflenuire  raooid  odour,  iiri«in{F  from  the  pecolimr  disposition 
abovt*  m«>ntion(Hi,     When  «pos«i  to  cold  they  for  tne  most  port  deposit  ipolid  fkts, 

mitin.  ctjtin.  Stc,  whil^  olein  and  other  similur  fats  r«maixi  in  the  liquid  state. 
|¥Tra  oil  yields  by  ssponiflcation,  physetoleic  acid  »iid  eth&I,  or  ct>rylic  alcohol  The 
most  importunt  of  the«e  oils  are  sperm  oil*  occurring^  tog^her  with  spermaceti,  in 
certuin  oerebrnl  cut  (ties  of  the  sperm*  whale  {PtufsrUr  fnacrocrpAaius)  i  whale  or 
train  oil,  from  the  blubber  of  Baktna  m^*ticrtus  and  other  whales  ;  seal  oil ;  sea- 
calf  oil;  shurk  oil,  from  Squalut  maximum:  pilchard  oil;  porpoise  oil^ 
from  Drphintu  pkocma ;  dolphin  oil,  from  Jkipkintu  ffhf/iceps ;  c o d - 1  i v e r  oil, 
from  the  liver  of  Tarionii  species  of  Gadus;  ray-lirer  oil,  from  the  lireis  of  Haya 
eiatsaia  and  R.  hatU  ;  and  burbot  oil,  from  the  lirer  of  Gadus  Lota  or  Lota  vulgaris. 
All  the«e  oils  will  be  found  deeeribed  in  their  alphtibetical  places:  Cod-liTer  oil  as 
Oleitm  JscoRta  AaiiJJ,  dolphin-oil  as  DaLFuuf  (ii.  30d). 

4.  Otbva  AmjciLi,  OiLi. — «.  Oil  qf  AnU,  The  n^sidue  left  on  distilling  ant«  with 
water,  yields  by  pressure  a  yellow  or  reddish-brown  fatty  oil,  which  flouts  on  water  and 
eolidi^ea  at  a  mcxlenite  degree  of  cold. 

$,  OiU/rom  Egg-yolk, — The  yolk  of  eggs  tmrd-boilod  and  warmed,  yields  by  prcfl- 
■UT^  and  by  eshauntion  with  ether,  two  fatty  oils  of  difierent  constitution.  The  oil 
obtained  by  pre'umre  is  redditih-yellow,  viscid,  neutral,  and  has  little  or  no  taste.  It 
geneniUy  dej>oaits  a  solid  fat  and  aolidifies  at  4'' — 6**  to  a  mnuiar  mass,  which  when 
left  to  drtiin  on  a  filter  lea  res  a  solid  fat  melting  at  5^^,  The  oil  freed  from  this  fat 
is  thicker  than  lintieed  oil,  and  solidifies  to  an  amorphofQs  mass  at  0°  (Planche, 
X  Phann.  L  438).  It  contains  j^U  of  cbolesterin  (Leciinu,  ihid,  xv.  i,) ;  alsoTolatUe 
acids  (Redtenbacher).  The  oil  eitnicted  by  ether  has  a  fine  pure  yellow  colour, 
an  acrid  tai^te  and  an  unpleasant  odour,  absorbs  oxygen,  and  contains  in  addition 
to  the  true  oil,  a  viscous  substance  similar  to  or  identical  with  lecithin  (it.  566),  which 
may  be  separated  by  filtration  and  pressure.  The  oil  thus  purified  and  likewise  that 
which  is  extracted  from  the  yolk  by  pressure,  soUdify  at  —6'^  to  a  granuLir  mass  con- 
taining cholesterin.  Botij  oils,  when  exported  to  the  cold,  deposit  a  mixture  of  marga- 
rin,  cbolesterin,  and  colouring  matter.  They  are  free  from  pbosphoms  and  sulphur, 
and  differ  from  other  oihi  only  by  containing  colouring  matter  and  cholesterin.  (Gob- 
li^y,  J.  Pharm.  [3]  \3l  12.) 

y.  Lard  oil. — A  nearly  colourless  oil  obtained  by  pressing  hog's  lard,  aad  used 
for  greasing  wooL  Specific  n^vity,  0  915  (CheTreul)  100  pts.  boiling  alcohol 
dissolve  12i  pt&  of  it  Acoomiog  to  Bracounot,  lard  yields  0  62  of  its  weight  of 
this  oiL 

8.  Nrafs-foot  o&, — The  feet  of  oxen,  afrer  the  hair  and  hoofs  hare  been  removed,  yield 
when  boiled  with  water  a  peculiar  fatty  mutter,  which  after  a  while  deposits  a  semi-solid 
fat  leaving  an  oil  which  does  not  solidify  at  0^  C,  and  is  not  liable  to  become  rancid. 
This  oil  is  used  for  many  purposes,  espeeially  for  oiling  church  clocks. 

f.  Gil  of  Silkworms. — Obtained  by  exhausting  the  c;\terpillajii  with  alcohol  and 
washing  the  extract  with  hoi  water.  It  in  brownish-green;  lighter  than  water;  neutral; 
remains  liquid  at  0^ ;  dissolyee  easily  in  cold  alcohol  and  ether;  is  easily  saponified  by 
pMita^h,  le8«  easily  by  lead-oxide,  yii^lding  stearic  acid  and  a  Uqmd  acid,  probably 
oleic.     (Lassaigne,  J.  Chem.  Metl  xx*  47L) 

Aduttf  ration  of  Fat  oils. — The  difference  in  price  of  the  aereral  fkt  oils  often 
gives  rise  to  fraudulent  admixtures ;  thus  the  best  olive  oil  for  table  use  is  some- 
times mixed  with  inferior  oiJs,  such  as  Poppy,  sesam^  or  earth-nut  oil ;  olive  oil  inten- 
ded for  manufacturing  purposes  is  adulterated  with  o«jlza  oil ;  the  l8tt«r,  sometimee 
with  poppy,  linseed,  or  more  often  with  whale  oil,  ^c  The  methods  of  detecting  these 
mlultemtiona  are  not  very  aati?fHctory. 

Lcfibvre  proposes  to  distingnitih  f«t  oils  by  their  density,  and  has  eonsfructed  foF 
this  purptnap  a  hydrometer  of  ppi^uliar  ewn*'trurtion,  euUt^d  ai.  i>  I  r  u  me  t  e  r,  having  a  very 
liirge  cylindrical  bulb  iind  a  very  long  stem,  on  which  aw  inwcribed  densities  from  0  8 
to  0*94  fur  the  temperature  15^,  i^ach  deiMtiry  corresponding  to  that  of  a  oummen^iiil 
oil,  r,g,  0-917  to  olive  oil,  0025  to  ppp.V  oil^  0-939  to  linf*eed  oil,  &c.  An  ordinary 
centesimal  ttlmJiolomeUT  may  also  W  UKed  for  tlip  puq>o8*».  The  diffi^renee  of  deneity 
between  different   fat  oils  is,  huwevpr,  not  aufficitfotly   grtat  to  enable  Lhem  ti^  bt» 
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detected  with  certaiuty  in  mixtures  by  such  a  method,  moreover  it  has  not  been  proved 
that  the  density  of  the  oil  obtained  from  an^  given  source  is  really  constant 

Gob  ley  (J.  Pharm  [3]  iv.  286  ;  v.  67)  hmita  the  use  of  the  hydrometer  to  the  de- 
tection of  poppy  oil  in  olive  and  almond  oils.  For  this  purpose  he  uses  a  hydrometer 
{fflaometer)  with  very  large  bulb  and  thin  stem.  At  the  temperature  of  12-6°  C.  the  in- 
strument sinks  to  rero  in  pure  poppy  oil,  which  is  the  densest  of  the  three,  and  to  60*> 
in  pure  olive  oil,  which  is  the  lightest.  The  space  between  0°  and  60°  is  divided  into 
60  equal  parts. 

Poutet  of  Marseilles  beats  up  the  oil  to  be  tested  with  one-twelfth  of  its  weight 
of  a  solution  of  merenry  in  strong  nitric  acid.  The  nitrous  add  or  nitric  pooxide 
evolved  from  thiB  solution,  converts  the  liquid  olein  into  solid  elaidin  (ii.  368),  causing  the 
olive  oil,  if  pure,  to  solidify  completely  iJter  one  or  two  hours'  contact^  whereas  in 
presence  of  poppy  oil  or  other  d^ng  oils,  which  are  not  solidified  under  the  same  cir- 
cumstances, the  solidification  is  retarded,  and  for  a  louger  time  in  proportion  to  the 
quantity  of  drying  oil  present.  In  making  these  experiments,  it  is  best  to  use  strong 
nitric  acid  containing  nitric  peroxide ;  to  agitate  2  or  8  cubic  centimetres  of  this  acid 
with  the  olive  oil  under  examination;  and  to  perform  the  same  experiment  on  perfectly 
pure  olive  oil  in  a  bottle  of  the  same  size.  The  two  vessels  are  then  left  in  a  cellar,  or 
a  room  the  temperature  of  which  does  not  exceed  10^,  and  the  moment  when  the  oil 
becomes  thick  enough  to  remain  in  the  vessel  on  inversion  is  carefully  obeerved.  If 
the  specimen  under  examination  is  pure,  it  will  solidify  at  the  same  time  as  the  other, 
but  if  it  contains  even  1  pt.  in  a  hundred  of  poppy  oil,  its  solidification  will  be  retarded 
40  minutes,  and  longer  still  for  a  larger  quantity. 

Maumen6  (Compt  rend.  xxxv.  672)  tests  fht  oils  by  the  heat  evolved  on  mixinff 
them  with  strong  sulphuric  acid,  poppy  oil  and  drying  oils  in  general  being  heated 
thereby  much  more  strongly  than  olive  oil ;  the  mixture  of  poppy  oil  with  sulphuric 
acid  is  likewise  accompanied  by  a  considerable  evolution  of  stuphuious  anhydride. 

Heydenreich  and  Penot  propose  to  distinsfuish  the  several  fat  oils  by  the 
colours  which  they  exhibit  in  contact  with  strong  sulphuric  acid.  When  a  drop  of  this 
acid  is  added  to  eight  or  ten  drops  of  an  oil  placed  on  a  plate  of  glaas  resting  on  white 
paper,  the  following  coloun  are  immediately  producea : — Olive  oil  produces  a  deep 
yellow  tint  gradual^  becoming  green  ;  SesanU-dil  a  bricht  red ;  Coljpa  oil  a  greenish- 
blue  aureola ;  Poppy  oil  becomes  pale  yellow  with  a  dingy  grey  look;  Hen^  oil  pro- 
duces a  distinct  emerald-green  tint;  Linseed  oil  becomes  brown-red,  changing  to 
black-brown. 

The  colours  and  other  reactions  exhibited  in  treating  fat  oils  with  various  adds  and 
alkaline  reagents  have  also  been  examined  by  Professor  F.  C.  Calvert,  a  sammaiy 
of  whose  results  is  given  in  the  table  on  page  183.  The  columns  headed  "  +  Caustic 
Soda,'*  indicate  the  results  obtained  on  aading  that  alkali  to  an  oil  previoualj  treated 
with  the  reagent  at  the  head  of  the  preceding  column. 

By  these  reactions  it  is  possible,  according  to  Calvert,  to  ascertain  the  presence  of 
10  per  cent,  of  a  given  oil  in  many  cases  of  adulteration ;  for  example,  ptoppy-oil  in 
rape ;  olive  in  Oallipoli  and  India  nut,  as  all  of  these  assume  a  pale  roeeHCoIour ; 
when  poppy.oil  is  mixed  with  olive  or  castor  oils  there  is  a  decrease  in  the  consistency 
ot  the  semi-saponified  matter.  [For  details  see  Pharm.  J.  Trans,  xiii.  366;  aUK\ 
Ure's  Dictionary  of  Arts,  &c.  iii  300.  J 


B.— Volatile  Oils. 

Euential  oils.  Essences,  Ethereal  oils.  Distilled  oils, — These  sat  eompoondi^ 
either  consisting  wholly  of  carbon  and  hydrogen,  or  of  the  same  elements  with  Mdition 
of  smaller  quantities  oi^^oxygen,  sulphur,  or  nitrogen ;  of  thin  oily  consistency  at  ordi- 
nanr  temperatures,  and  wholly  volatile  at  higher  temperatures ;  having  a  peculiar 
and  generally  pungent  odour;  very  inflammable;  sparingly  soluble  in  water,  but  dis- 
solving readily  in  alcohol  and  ether 

A  large  number  of  volatile  oils  occur  ready  formed  in  plants,  and  a  smaller  number 
in  the  animal  body :  others  are  produced  by  dry  distillation  of  organic  bodies — 
these  are  called  empyreumatic  oils,  e,g.  oil  of  amber,  coal-oil,  shale-oU,  creasote^ 
Dippel'^  oil,  &c. ;  others  by  fermentation  and  other  changes  in  the  inodorous  parts  of 
plants  ( Fbbxkxt  Oils,  ii.  634).  Petrul**um,  roek-oil,  mineral  oilormineral  naphtha,  must 
abo  be  included  amongst  the  oils  produced  by  the  decomposition  of  organic  bodies 
(hw  Naphtha,  p.  2,  and  Prtsolxum).  Volatile  oils  are  alM>  produced  by  the  action  of 
sulphuric  or  phosphoric  acid  on  organic  bodies,  e.g.  oil  of  wine  by  distilling  alcohol  with 
excess  of  sulphuric  acid,  menthene  (iii.  880)  by  disfilliug  peppermint-camphor  with 
phosphoric  acid.    In  this  artide  we  shall  consider  only  the  volatile  oils  priating  rMudy 
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fbrmed  in  the  vegctiible  or  ammd  oi^ganiam,  wldch  ir©  esp^dally  diitingwislird  as 
piieutiicl  oils. 

[Oaly  &  few  volatile  oila  hiivi*  Wc^ti  obtJiuii'd  trom  the  animiil  hoily — th?  oil§  of  ants^ 
_lfltoreiiin  and  nmbergria  for  Q3mnipl.e— ^aiid  tht^se  hav«  \mea  but  Htllo  eltidipd,  though 
BittiU&r  compoandtt  might  doubtlpsa  be  obtained  from  matiy  other  odorous  anitnAl  pfo- 
ducts.  But  the  gwjiit  sourct-  of  voktile  oils  is  th*^  vpgetiil^p  kingdom,  whpre  th<*y  occur 
in  very  large  quantity  nrjd  in  iilmoBt  all  porta  of  the  plant,  as  m  the  wood  and  bark 
of  th»!  stem  and  root ;  under  the  epidermis  of  thp  leav«>3,  culycts,  petAl«,  fruit,  &c. ; 
in  the  different  coatings  of  thd  seed  and  in  the  cellular  tiMOtj  of  tho  svtid-reaaeLi;  rarely 
in  tho  albumen,  sometimea  even  in  the  embryo  of  the  »eed, 

Thftee  vegatable  oilii  or  essences  consist  either  wholly  c^Iiydrocarbons,  or  of  mixtures 
of  hydrocarlKnia  with  compounda  of  carbun,  hydrogen,  and  oxy^^t-ii.  ThoM  which  exist 
reacfy  formed  in  plants  do  not  appear  to  c^ontain  any  other  eleraeoL  Sulphur  is  found 
only  in  certain  oils  resnltiog  from  a  kind  of  fennentation^proceaH,  as  in  the  Tokdle  oikof 
muJitard  and  garlic ;  nitrwgen,  when  it  occurf,  muat  b*»  regarded  as  an  impurity  resulting 
from  admixed  vegetable  tissue.  Many  vegetable  essenlial  oils  when  expoeed  to  cold 
are  separated  into  a  fiolid  compound^  called  a  camphor  or  stearoptenei  aoda  Uqaid 
oil,  which  for  distinction  is  acimetimea  called  an  et&opteni^. 

The  following  are  the  mod««  of  extracting  essential  oils  from  plutjts: — 

1,  By  Pressurr. — This  method  tucceeds  only  with  cert^iin  part«  of  plants  which  «ro 
very  rich  in  oilj  atich  aa  km  on  and  o^ang<^-peeL 

2.  Bif  Diatiltation^  genemlly  with  addition  of  water. — Heating  without  water  i«  apt 
to  produce  charring  and  admixtore  of  empyreumatic  oila.  The  substanoet  containing 
the  volatile  oil  are  i^ither  mixed  with  water  in  a  large  *«till  or  retort,  and  distilled  alter 
sufficient  maceration ;  or  they  are  placed  in  tho  dry  state  on  the  upper  perfbratdd  base 
of  tho  still,  and  subject^  to  the  action  of  vapour  of  iviiter.  All  hough  the  boiling  point 
of  most  volatile  oils  is  above  that  of  water,  they  neverthelesa  volatilise  at  U>0°»  in  eon- 
sequence  of  the  diffusion  of  the  oil-vaponr  into  (be  vapour  of  water  produced  at  that 
temperalure.  lu  thit  dialillatjon  of  the  lew  volatile  oils,  however,  it  is  uirual  to  add 
common  salt  to  the  water,  in  order  to  raiae  the  temperature  a  few  degrees,  and  th«ieby 
increiue  the  tendeney  of  the  oil  to  pass  over  with  tiie  aqui?ous  vapour.  The  rapoura 
condense  in  the  coolmg  tube  or  receiver,  which  is  kept  cold  for  the  purpose  ;  and  the 
water  takes  up  as  much  of  the  oil  as  it  is  capable  of  disaolving.  If  the  quantity  of  oil 
prusent  is  more  than  suflficieiit  to  saturate  the  water,  the  exccsa  separates  out :  in  the 
contrary  case,  the  distillate  ia  eohithaUd  ;  that  m  to  my,  the  water  containing  the  oil 
in  solution  is  distilled  with  a  frci^h  qmintity  of  the  substance  which  contains  the  oil, 
■nd  thereliy  made  to  take  up  a  double  quantity  of  oil.     A  more  abundant  product  ia 

I  likewiae  obtained  by  distilling  the  original  vegeLible  substanee,  not  with  pure  water, 

llmt  with  wivter  which  has  previously  b^en  iifitea  for  the  same  distiUntion,  and  is  there* 
lire  saturated  with  oiL — If  the  oil  which  paseeft  over  readily  sotidifie**,  the  cooling  tuba 
nuBt  not  b©  kept  at  too  low  a  tempemtur*'»— The  oil  which  coUecta  either  at  the  top 
r  at  the  bottom  of  the  wiiter  is  ftefmratr-d  b^*  mechanical  means. 
Many  planta  yield  a  larger  quantity  of  oil  after  drying;  and  when  distilled  in  tho 

pfreeh  state,  with  cold  watt  r,  they  yield  a  companntively  luge  quantity  of  oil  together 
with  turbid  wjiter ;   bnt  if  covered  with  boilinji:  water  and  tlien  distilled^  they  yield 

l-elear  water  and  Ima  oil.     The  cause  of  this  difference  ia,  that  when  the  plant  is  <Jried, 
r  immersed  in  cold  water  containing  air,  the  oil  oxidises,  and  is  thereby  rendered  leaa 

i«oIuhle  in  water;  hence  it  fonuJ*  a  poorer  and  turbid  solution,  and  for  the  most  p«rt 

'  iepiralcs  out.     (De«mareet,  J.  Pharm.  19,  163;  abstr.  Ann.  Fharm.  9,  2&L) 

Volatile  oils  obtjiined  by  distillation,  and  likewise  the  water  which  passes  fyrmt 
with  them,  have  at  first  an  unptcasanl,  empyreumatic  odour,  which,  however  is  not 
permanent, 

3.  Many  strongly  smelling  parts  of  plants  yield  no  volatile  oil^  even  by  repestM 
cohobation  with  water,  probably  because  ttie  quantity  contained  in  them  is  too  sniaU, 
or  because  the  oil  is  too  soluble  in  water,  or  too  much  Inclini'd  to  decompose  b^  tha 
action  of  air  and  heat ;  r.  «7.  the  flowers  of  many  kinds  of  Kara^^u*  and  Hy€icmth  ; 

'  of  FolyanthfS  Jonquiiia,  t'ittfn  otforata^  Jasnuvum  off.,  Pht/^dtiphus  coronariua,  7\lia 
eitrqp#a,  Rcstdn  odftratu,  Heliotr*>mum  europaum.  Such  flowers,  placed  in  layers 
between  cotton  soaked  in  olive  oil,  impart  their  perfume  to  the  oil 

From  some  of  them  It  has  been  found  possible  to  extract  tiie  odoriferous  principle  in 
the  separate  state.  Robiquet  (J.  Pharm.xxi.  334)  exhausted  the  fresh  ooroUas  of 
pGt^anihet  Jonquilh  with  ether  in  oompresaion- filters ;  sepuruted  the  ui>per  yellow 
ethereal  stmtum  of  liquid  from  the  lower  wat^  layer ;  distilled  the  eth^  from  the 
tipper  liquid  at  a  gentle  heat ;  and  obtained  a  residue  consisting  of  crystalline  nodulea, 
together  with  a  mother- liquid,  which,  when  evaporated  in  the  air  gave  off  a  strong  and 
agreeable  odour  of  jonquilsi.  The  crystalline  nodules,  when  purified,  formed  an  tnodo- 
rous  camphor  ;  and  appeared  to  be  the  odoriferous  oil  converted  into  this  camphor  by 
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are  io  the  nir.    L  A.  Buohn  k  r  (N.  Br.  Arch.  riii.  70)  obtained  Himilar  rc-sulu  by 
applying;  Robiqnerii  proeeu  to  the  fiov«r»  of  Phiiadeiphus,  Titia,  ood  Reseda. 

4,  The  Ie«  ToUtila  oila,  and  more  eapeciallj  the  caiuphorfi»  are  likewise  firqueotly 
fxtructfd  by  al<»hol  or  ether,  from  which  they  are  aHerwardif  aepantedby  evaporation 
aud  cooling, 

Manj  gum-rpaiDB,  stirh  lu  tnyrrh,  do  not  yield  the  oil  which  they  contain^  or  at  least 
yield  it  very  imf^erfietly^by  diBtillation  with  water,  becati£e  it  ii  enveloped  in  gummy 
ntHtlenk,  To  extmct  the  oil  from  the«e  gum-FesiaB^  they  are  pulvt^risod  and  then  ttx* 
hutiAti'd  three  timoti  with  an  e^vud  quantity  of  culd  alfohol,  agitating  frequently,  aad 
tearing  the  whol«  to  atand  for  some  time ;  the  filtered  tinctnrtj  is  then  pour*^  int*j  a 
tubulated  reCc^  both  aperturt^a  of  which  are  left  opeo*  and  exposed  for  somemonthH  to  a 
temperature  of  12^^ — 21",  till  the  greater  part  of  the  alcohol  is  evaporated  (if  heat  wt^re 
applit^l,  the  oil  would  likewise  pass  over).  The  turpeu tine-like  residue  is  then  corerod 
with  water,  and  diatiUed  afler  twelxe  boura,  whereupon  the  oil  pajiSM  orer  in  abuiidajic«. 
(Booaatre,  J.  PhaniL  zrii.  lOB.) 

The  product  obtained  by  either  of  these  three  modes  of  preparation  nir^  ooniisti 
of  a  simple  volatile  oil,  but  generally  of  a  mixture  of  two  or  more  oila,  Ine  lighter 
tmd  more  volatile  of  these  ttn  lUfually  a  pure  hydrocarbon ;  the  other  is  either  an 
oil  containing  oiygen,  otr  a  camphor.  These  bodies  are  Kimetimea  distiaguiahed  by 
tlieir  melting  points:  thus,  a  volatile  oil,  properly  so-called,  often  holds  a  camphor  in 
iMftntion,  and  the  hitter  crystallises  out  on  cooling,  especially  if  part  of  the  volattle  oil 
(whieh  ia  more  CAflily  vaporised)  hai»  been  previously  driven  o^  Sometimes  again  they 
arr  distinguihlied  by  their  difftreDt  vol^itility ;  when  such  a  mijcture  is  distilled,  the 
boiling  point  is  al  tlrat  low,  but  rises  as  the  quantity  of  the  more  volatile  oil  in  the 
rt^Midue  diminishes,  till  at  Length,  when  the  whole  of  the  latter  has  paseed  over 
(together  nith  a  ounsidertible  quantity  of  the  more  fixed  oil^  the  boiling  point  no 
longer  nat«,  but  ivrnaius  constant.  In  such  cases,  the  more  volatile  oil  genemlly  coo- 
aisls  wholly  of  earbon  and  hydrogen,  while  the  more  fixed  oil  likewit^e  contains  oxygen 
Thf  former  may  be  distilled  without  decomposition  over  fused  hydrate  of  potassium;. 
Init  the  more  fix>'d  oil  wben  thus  treated^  takes  up  an  additional  quantity  of  oxygen 
fixim  the  water  of  I  he  tiydrate  of  potassium  (liberating  the  hydrogen),  and  is  converted 
into  an  acic^  which  remains  combined  with  the  potash.  Hciuse  to  separate  the  non- 
oxygenatt^l  oil  from  such  a  mixture,  it  is  partly  distilled  eo  as  to  leave  behind  the 
grt^rtter  fkart  of  the  more  fixed  oil,  and  the  portion  which  firaf  pusses  over  is  made  to 
drop  slowly  through  the  tubulure  of  another  retort  upon  hydrate  of  potassium  kept  in 
a  state  of  fusion  ;  the  non-oxygen uted  oil  then  passes  over  pure.  (Oerhardt  and 
Cahours,  Ann.  CL  Phys,  (3]T  fil.) 

If  a  volatile  oil  has  been  portly  converted  into  a  resin  by  continued  exposure  to  the 
aiTi  it  may  be  &eed  from  the  lesin  by  dtstilliition  with  water.  Any  moisture  which 
adheree  to  the  oil  may  be  removed  by  oontinued  agitation  with  chloride  of  calciumi  and 
subsequent  distillation. 

Projferde*. — Volatile  oils  differ  considerably  in  colour.  Many  arc  perfectly  colour- 
less when  pure,  otlicrs  are  yellow,  red  or  brown,  and  a  few  are  green  or  blue.  All  of 
them  have  powerful  odours,  some  agreeable,  others  repulsive,  and  a  sharp  burning 
arumatio  taste  ;  some  of  them  produce  a  feeling  of  coolness  on  the  tongue.  They  are 
not  greasy  to  the  touch  like  fat  oils,  but  rather  make  the  skin  brittle  and  rougK  Their 
•peeiflo  gravity  varies  from  0*847  to  1*096 ;  but  the  greater  number  are  lighter  than 
Wlliii.  Their  solidifying  points  are  very  unequal,  some  solidifying  at  0*^,  others 
Mqoiring  a  much  lower  temperature,  while  others  again  remain  solid  a  few  degrees 
Above  0^.  Jfost  of  them,  when  exposed  to  a  low  temperature,  deposit  a  solid  camphor 
or  stearopteae  (p.  184).  Most  volatile  oils  properly  bo  called,  lx»il  between  150^  and 
300°  i  oil  of  copaiba  at  260*^  ;  and  several  camphors  between  300°  and  40^*^. 

Volatile  oils  possess  greet  refractive  and  dispenive  power,  and  exhibit  great 
diversity  in  their  action  on  polorieed  light,  some  beuig  duxtroi  others  h^vo-rotatory  in 
very  variou^i  degrees,  while  a  few  are  inactive.  The  following t able  (p^  iBfi)  exhibits  the 
rutatoiy  power  of  a  considerable  number  of  vokiile  oils,  together  w-ith  their  refractive 
indices  for  the  lines  A^  D,  and  H,  as  determined  by  Gladstone  (Chem.  Soc,  J.  xvii. 
3X  also  their  specific  gravities.  The  rotatory  power  was  determined  for  a  column 
of  liquid  10  inches  long;  the  same  length  of  a  solution  of  equal  parts  of  cane-sugar 
and  water  produces  a  deviation  of    ■♦'    106°. 

The  blue  or  green  colour  exhibited  by  certain  volatile  oils,  chiefly  from  plants 
of  the  Componte  order,  wormwood  and  chamomile  for  example,  is  due  to  hu  oily  com* 
pound  of  a  very  deep  blue  oolouTf  called  cmrulein,  which  may  be  sepamt€>d  by  dis- 
tillntion,  going  over  with  the  last  portions  of  the  oil*  but  has  not  been  obtained  pure. 
Thr  solution  of  this  blue  substance  in  oils  or  alcohol  exhibits,  when  examined  by 
a  hollow  wedge  and  prism  (Light,  iii.  638),  a  very  charftctcriittic  spectrum,  in  which 
the  orange   and    yellow  rays  are  first  absorbed^  and  at  a  certain  depth  nothing  is 
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Specific  Qratrities  and  Optical  Properties  o/EesetUial  Otis. 


Spec. 

C3raTi.  at 

BeCr>etJT«  ladlen. 

RoUtfoR. 

Cfudi  OQi. 

ISB^C. 

Tentp. 

A. 

D. 

M. 

AniM 

■9852 

16*5^ 

1-5433 

1-5566 

1-6118 

-   1° 

AthonMwnna  niGAehftlma    . 

1*0425 

14=^ 

1-6172  1 

1-5274 

1-5628 

4-    7° 

B«y    .        .        .        .        . 

-8808 

18-5° 

1-4944 

1-5022 

15420 

-  f « 

Ber^mol    . 

•BBU 

220 

1*4659  I 

1-4625 

1*4779  a 

+  SS^ 

„            FlOTOOC® 

■8804 

26-5^ 

1*4547 

1-4614 

1-4760  e. 

+  40» 

Bireb-bark  . 

'9006 

S° 

14851 

1-4921 

1-5172 

+  S8^ 

C^eput 

*fi203 

25  6° 

1-4561 

1  4611 

1-4778 

0» 

CuloiDgv       *         « 

'9388 

10^* 

1-4965 

1-5031 

1-5204  G. 

+  48-5^ 

„        Hnmbnrg 

'9410 

no 

14843 

1-4911 

1-5144 

+  42°f 

Camway 

'8S46 

19^ 

14601 

1-4671 

14886 

+  W 

„        Hambtug  lat  dkt. 

'9121 

lO*' 

l'4a29 

1-4903 

1*5143 

M               ii          Sq^      ' 

*8832 

10*5-5 

. 

1-4784 

CuennUa    .        .        .        . 

'8956  ; 

lO'' 

14844 

1-4918 

1-5168 

+  38« 

Gusflla 

1*0297 

19-5** 

1-5602 

1'574S 

1-6243  Q. 

0^      1 

C«Ur,        , 

•«fi22 

23^ 

1-4978 

1-5035 

1-5238 

+   $° 

G«dm 

'8,^84 

18° 

1-4671 

1-4731 

1-4952 

+  15«« 

Qltronelk    , 

*80O8 

210 

1*4599 

1-4659 

1-4866 

-  4** 

Penaiig 

'88+7 

ISfisr 

14604 

1-46G5 

1-4875 

-   l*> 

CloTCfl 

1-0475 

170 

1-5213 

16312 

1-5666 

-  40 

C&riuidep   * 

-877S  1 

10=» 

1-4592 

1-4652 

1-4805  0. 

+  2l«? 

Dabe^        . 

•9414 

iO« 

14953 

1*5011 

1-5160  &, 

mi    ,       .       . 

-S922 

11-5= 

1-4784 

1-4834 

1*6073 

+  206" 

Elder  . 

'8584 

8*6« 

1  4586 

1-4749 

1*4965 

+  14  5° 

-8813 

13-6° 

1'4717 

r47S8 

1-5021 

-148° 

deofla 

•&322 

13-a^ 

1-4661 

1-4718  ' 

1-4909 

+    4° 

IndiMtB  ifCTanium  . 

-9043 

2lb^ 

1*4853 

1*4714 

1  4868  a 

-   4<> 

Laveudei'     , 

'8003 

20= 

1-4586 

1-4648 

1-4863 

-atf* 

LemoQ 

*8498 

165* 

1-4867 

14727 

1-4946 

4^ie4<> 

Lemon  graaa 

-8632 

24^ 

■      ■ 

14706 

■              m 

-  ipf 

Penang 

'8766 

13-5° 

1-4756 

1-4837 

1-5042 

0° 

MelaieQCfl  endfoiin 

1    -0030 

go 

1*4855 

1-4712 

1-4901 

+  w 

„         linsnfolia 

•9016 

90 

1-4710 

1-4772 

1-4971 

4^11" 

Mmt  , 

•9342 

19^* 

1-4767 

1*4840 

1-5015  a 

-116° 

m 

'910.^ 

14-5« 

1-4756 

1-4822 

1-5037 

-18° 

Myrtlo 

-8011 

14" 

1*4623 

1-4680 

1-4879 

+  21° 

Mjirh 

10189 

7-50 

1*5196 

1-6278 

1-5472  a 

^136° 

NemU 

■8789 

18*^ 

1'4614 

1-4676 

1*4835  0, 

+  W'» 

IT 

^8743 

10^ 

1-4673 

14741 

1-4831  K 

+  3t° 

Nutmeg 

^8826 

24*> 

1*4644 

1*4709 

1-4934 

+  44° 

Penwig  , 

'9069 

le'' 

I  4749 

1-4818 

1'5053 

+    9° 

Omng^-pt^el 

^8JI09 

200 

1-4633 

1-4699 

1-4916 

4  8a«f 

„          PlOTence 

'8864 

20° 

1-4707 

1  4774 

1-4980 

+  21ff> 

P*ril«j 

*9926 

S-5«, 

1*5068 

1-5162  1 

I'fiinO. 

-   W^ 

PiitclMraH    , 

■95&4 

21« 

1-4990 

1*6050 

1-5194  a 

,,        Penimg 

'9692 

21° 

1'4980 

1*5040 

1  5183  0. 

-120* 

„         Freiich 

1*0119 

UO 

15074 

1-5132  ' 

1-5202  F. 

Peppenniat 

'9028 

14*5° 

14612 

1-4670  1 

1-4354 

-72^ 

Elorene©   . 

•9116 

14**     I 

1-4628 

1-4682 

1-4867 

-^44° 

Petit  grain  . 

8765 

21° 

1-4636 

1-4600 

1-4808 

+  2«<* 

Hose  . 

'8912 

25° 

1-4567 

14627 

1-4835 

_   7« 

Eoeemory    < 

,    -9080 

16-5° 

1*4632 

1  4688  ; 

1-4867 

+  ir 

ficnewood 

,    '9064 

U** 

1*4843 

1-4903  1 

1-51  IS 

-16° 

Santaivrood 

!    '97fiO 

24° 

1-4959 

1-6021 

1-5227 

^&Q9 

Tbjine 

'8843 

19" 

1-4695 

1-47M 

1-4909  G. 

Verbena 

'8727 

13^ 

1-4672 

1-4732 

1-4938 

-79« 

'8812 

20=» 

1-4791 

1-4870 

1  5059  G, 

-   ^ 

WiDt«rgre«n 

1*1423 

15^ 

1-5163 

1-5278 

1-6737 

+    3° 

Wormwood . 

'9122 

18« 

1-4631 

1-4688 

1-4756  F, 

1 
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(I'lfFrred  to  poas  except  the  greenish 'blue  rara  ami  the  f^xtreme  r***!  hand,     A  dijigram 
ul"  thill  ffpectmrn  is  giTen  in  Glfldstono'fi  pap<*r  ju§t  rt-fferroMi  to,  p.  14. 

Me»*t  of  the  cdiK-iitial  oil*  existing^  miaj  formed  in  pLantfi  oontiiiii  hjdrocarhoas  of 
the  fornmlii  nC**H'*.  Some,  as  the  oiU  of  turpentine,  lemon,  eu1>eb9  and  copftiba, 
eotMitit  vhoUj  of  then  hjdroearbons ;  othere  contain  also  oxidised  compounds  ;  oil  of 
wiol«rgreeii,  for  fZHmple,  ia  a  miztum  of  a  hjdroearbon,  C**ll",  with  methjl-salicylie 
ethrr.  These  hydrocarbons  are  84«parated  bj  fractional  dJMtillatioQ  aa  above  mentioned, 
paaaing  ov%t  at  Ihe  Ix^nning  of  me  proe«»s,  and  aro  fiiithv*r  pmified  bj  rectifioation 
Ofir  ■odium.  The  foUofriDg  table  (p,  188)  exhibits  the  dens  it  its  and  optical  properties 
of  •  oonoiderable  namber  of  thene  polymeric  hydrocarbons.  The  oils  s^  amuig«d  iC* 
mding  to  their  ppetific  graTiti««  at  20"^  C,  The  column  head«4  "  ]>isi)er»ion  at  20P  C/' 
pftves  me  difffrtmce  between  the  refraetiTe  indices  uf  the  lines  H  and  A,  The  •*  aan- 
BitiveD^ss"  is  the  amount  of  diminution  of  the  fefractiTe  index  when  the  tempera* 
tufe  riacM  10^ ;  it  is  calculated  for  the  line  A«  and  the  number  4B  is  an  abbn^Tiatton  of 
0'<XI4S»  The  "specific  refractive  energy"  is  the  refractive  indi^i,  minus  unity, 
dirided  by  the  density  (Light,  iii  625).     In  the  following  table  it  is  taken  for  A,  that 

M    —1 
is  the  column  represents    ■  1     > 

These  hydrocarbons  may  be  divided  into  two^re4it  groups,  the  line  of  flispaitiioii 
hmm  b^'tWMn  those  firam.  roseiiiAiy  and  ebres.  The  first  group,  with  a  lower  specific 
ffriTity,  has  always  a  hr  lowcir  boOing  pointy  a  smsUcr  index  of  refraction,  and  n 
higher  eemritiveneaN  ;  it  has  alao  on  the  whole  a  smaUer  dispersion.  The  specific  re- 
fractive ener^,  however,  of  the  two  groupH  is  about  the  same.  The  hydrocarbons  of 
the  tlrat  group  are  also  generally  more  limpid,  and  dissolve  moire  freely  in  aqueous 
alcohol. 

These  large  groups  are  fcrther  capable  of  sabdirision.  The  fkst  ten  hydrocarbons 
in  the  table  resemble  one  another  very  closely.  Indeed,  it  is  probable  that  the  three 
which  are  defrived  from  the  peel  of  the  orange,  citron,  and  lemon  rej^pectively,  should 
t>e  considered  as  identical  rather  than  isomeric;  and  it  is  not  unlikely  that  some  of  tho 
others  are  the  same  body  from  different  plants.  Gaultherilj?ne,  carvene,  and  the  hy- 
drocarbon from  nutmeg,  form  a  siuiUI  group,  if  mdeed  they  are  not  identical  Tho 
hydrocarbons  from  wormwood,  anise,  thyme,  mint,  and  laurel-turpentine,  group  with 
ordinary  turpentine;  baj,  myrtle,  and  roisemary  stand  alone,  each  Wring  a  lowrofiuc* 
tion  and  dispersion,  but  they  difiT^  much  in  specific  gravity.  Peppermint  is  somewhat 
intiTmediato  in  it«^  properties,  Terebene  and  the  hydrocarbons  from  parsley  and 
Euea/yptus  amygdalina  give  high  refractive  tudioefl.  It  is  possibk  that  some  of  these 
last  contain  a  small  quantity  of  some  hydrocarbon  of  mtiother  type  but  neadj  the  same 
cumpowition. 

Again,  the  second  laige  group  with  tho  higher  specific  gravitiea  is  capable  of  subdi- 
vision. The  hydrocarbons  from  cloves  and  rosewood  appear  nearly,  if  not  quite, 
identical  in  properties,  and  are  certainly  difiTerent  from  patchouli,  calamus^  and  caa- 
carills. 

Gduphene  differs  from  the  second  large  gronp  in  much  the  same  way  as  thst  differa 
from  the  first,  though  to  a  smaller  extent. 

All  the  memt>ers  of  tho  fir«t  great  group,  with  the  boiling  points  included  between 
IttU^  and  IZfi"*,  have  the  formula  C*H'*,  which  is  usually  axaigned  to  oil  of  turpen- 
tine on  the  ground  of  its  vapour- density  and  compounds  with  the  hydracids. 

All  the  memben  of  the  second  great  group,  with  boiling  point^t  ioduded  between 
249^  and  ^60^  C,  hare  the  formula  C^W\  which  is  assigned  to  oil  of  cubcbs  from  its 
compound  with  hydn:)chloric  acid* 

Culophene,  with  a  boiling  point  of  31£^  C.^  has  long  had  the  formula  C^H"*  sasigned 
to  it. 

Tlie  specific  refractive  cnei^  is  a  property  of  bodies  intimitely  connected  with  their 
ultimate  compositlou,  and  it  might  oe  expected  that,  notwithstanding  diveimties  of 
boiling  point  and  density,  this  proprty  would  be  the  same  for  tho  dim*rent  isomeric 
hydruearbons.  Yet  though  the  differencea  are  not  great,  they  seem  to  be  real,  for  tho 
lemon  group  is  uniformly  about  O'^id  and  the  turpentine  group  about  O'dSfi. 

The  phenomena  of  circular  polarisation  are  not  of  nmoh  iifse  in  the  cla«siAcation  of 
hvdrocarbons,  or  as  a  meanu  of  distinction  between  the  crude  mh  ;  for  it  is  found  that 
different  sainpleii  of  the  same  hydrocarbon,  or  of  the  mme  oil.  which  clo«*ely  rest^mble 
one  suother  in  other  respt^rts,  frequently  differ  widely  in  reapwt  of  this  property.  It 
may  be  observed,  however,  that  the  hydrocarbons  of  the  great  lemon-group  exhibit 
the  highest  rotatory  power,  and  always  to  the  rights  excepting  that  from  cascarilla, 
which  belongs  to  the  same  group,  but  is  nevertheless  quite  inactive, 

Jkcompo^ilioni  nf  Volntiif  Oih.  —  1.  Those  oils  which  have  a  high  boiling-point  ara 
partly  decomposed  by  wimple  di^tillatimt,  leaving  a  residue  of  charcoal ;  but  whrn  dis- 
tilled with  water,  or  gently  heated  in  the  air,  they  mny  be  volatilised  witlioui  decom- 
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Gravities,  Boiling  Points,  and  Opticai  ProperHet  of  £fydroear6(ms /ram 
Essential  OUt  CQkdBtone). 


Bo^Ttt  af  H|dTO»rbQn. 

grawlij 
.taflPC. 

Boiling 
point. 

indi>t 
A.ftt90»G. 

Sen. 
■itWv 

Omngft-p^el    *        •        .        - 

■8450 

174^0. 

1*4646 

•0277 

48 

-6490 

+164« 

„        FloMoce 

■&468 

174« 

14660 

■0381 

49 

-5491 

+260« 

Cedrat    -         .         .         .         . 

■8466 

173*> 

1-4650 

-0280 

49 

-M02 

+  180° 

LwDon 

'B468 

173" 

P4a60 

■0280 

49 

'6602 

+  173^ 

Ber^amot        .        »        ,        * 

'84$e 

176° 

1^4619 

■0296 

49 

-6466 

+  76^ 

Blorenee 

8484 

176° 

1-4002 

-0287 

48 

■5437 

+  82" 

Nemli     .        -        <        -        , 

8466 

173° 

1-4614 

■0291 

47 

-6460 

+  78** 

Pi^tltgniii     .        .        .        . 

'8470 

174* 

1-4617 

-0282 

46 

•6439 

+  600 

GuB«aj,  Hamburg,  Ist  dbt  » 

*»466 

176<> 

1-4646 

•0286 

48 

-5486 

+  180° 

Dill      .          <        .        /      , 

'8467 

173° 

1'4646 

■0288 

46 

'6486 

+242° 

Ca^imila        .        .         .        , 

.8467 

172° 

14663 

-0306 

49 

6494 

03 

Elder    

-8468 

172° 

14631 

-0369 

47 

-6468 

+  16« 

Bay 

'850S 

171** 

1  4642 

•0260 

47 

-6338 

-  22° 

Qaulthml^iie 

8610 

168° 

1-4614 

-0271 

49 

'5422 

Nutmeg,         .         .         .         . 

8618 

167° 

1-4630 

-0284 

47 

•5436 

+  49*' 

,,      Penimg 

8627 

ie6« 

1-4834 

*0274 

49 

■6434 

+     4« 

C&rreiio.        /       - 

8630 

168' 

1-4610 

0261 

48 

^440 

^20° 

Hiunbttfg,  2]id  di»t 

■B£4a 

. 

14641 

•0263 

48 

-5431 

+  86° 

Womiwood     -        *        <        * 

■H6$^ 

160° 

1-4690 

K)268 

47 

-5869 

+  4r^ 

Trreb^ne        ,        ^        •        . 

8683 

160^ 

1-4670 

-0276 

48 

■6440 

0" 

AjiIm     .        .        .        .        > 

■8680 

160° 

1*4607 

-D26S 

47 

-636« 

Miol      .        .        .        .        , 

^8600 

160° 

1-4622 

<>266 

4^ 

-5374 

+  30° 

Peppermint    •        •        ,        » 

^860^ 

176° 

1^4677 

-0207 

47  , 

-6321 

-60* 

Ijittfel  ttu^atme    . 

'8616 

160° 

1-4837 

-0260 

47 

*6380 

+  94° 

Tfaytne 

^8636 

160^ 

1-4617 

*02S2 

48 

-6346 

-75^ 

TwrpontiBe  I 

-8844 

160° 

1-46  la 

0250 

47 

-5336 

+  48^ 

n,        ,       ,       . 

'8666 

160° 

1-4690 

■0266 

47 

'6365 

-87° 

JIL       .        ,        . 

■8614 

160' 

1-4621 

-0249 

. . 

-6364 

-900 

„          IV.        .        .        . 

•8800 

160° 

14613 

-0^4 

47 

5364 

-88'' 

EucalyptUB  amjgdalinB  , 

^42 

171° 

1-4696 

■0323 

49 

-5434 

-142^ 

Myrtlfl    ..... 

'seoo 

183° 

1-4565 

-0248 

47 

-6268 

+  64« 

PiM*l*iy 

'87S2 

leo"* 

1-4666 

-0291 

46 

*6366 

^44° 

Eowmary        .         •         •         * 

'8soa 

163° 

1-4683 

^241 

46 

■6206 

+     8^ 

Oovea 

■0041 

240° 

1-4S9S 

-0284 

46 

-6417 

Rosewood        ,         p         ,         . 

*9042 

249° 

1   1-4878 

■0277 

46 

-5396 

-11° 

Cubeb* 

^9062 

260° 

P4960 

-0303 

41 

-646^1 

+  59° 

flpLlanmB             •           •           V            . 

■9180 

260° 

1-4930 

■0322 

42 

■6370 

+  66« 

,r       Hambuig  . 

■9276 

260° 

1-4976 

i)337 

43 

5ZU 

+  22° 

CttM»riUii       .... 

*9212 

254'* 

1-4926 

■0307 

42 

■6347 

+  72° 

Piitc!hc?uli        .... 

•9211 

264° 

1-4966 

-0274 

42 

■6391 

„         Ponaug    . 

9278 

267= 

14963 

'0276 

44 

■6349 

-90^ 

„         Frf?ncb     . 

'926S  , 

260** 

1-5009 

-0263 

43 

&413 

Colophena       ,        .        .        * 

^9391 

316°    1 

1-6084 

-0309 

41 

-5418 

oo 

posit bii.  But  pTen  the  more  Tolatilc  oila^  whun  mijcod  with  parthj  sobataneea,  such  as 
day,  chalk,  aand,  &C,,  which  mechanicaliy  ppevent  their  Toktilisiition^  ttn*  partiuily 
decQiBposed  liy  djHtillation,  combustible  g&»os  being  ©Tolv^d,  and  charrqal  left  behind  ; 
if  they  contain  Qjjgeji,  they  may  likrvpflc  yield  carbonic  oxide,  aeetic  acidj  Ac  When 
the  vapour  of  a  -volatile  oil  ifl  p&ftBed  through  &  red-hot.  tube,  it  is  reaolved  into  com- 
bustible gBsea  and  chjipcoal,  isbicb  h  aomptimes  finely  dh-ided,  eatnt'time^  shining, 
dentte,  and  diSismJl  lo  bum;  the  portion  of  the  oil  which  hnx.  p^^saed  oTer  ^nde^om* 
posed  k  oflen  fs>nnd  to  be  altered  in  ita  pn>perti<>s,  aSj  fL^i*  eiiitnpie,  m  iti  boiliitg 

Soiiit~2.  Volatile  oiIh  are  reiy  iDflammable,  and  bum  with  »  clear  flame  which 
eposits  &  Inige  oimntity  of  soot.  If  the  Tjapour  of  &  Tolatile  oil  be  made  to  iesae 
from  a  fine  jet,  under  a  pressure  of  1^  centimetres  of  mercuiy,  it  does  not  take  fire 
till  it  has  reached  a  dintance  of  liome  cciitimetrtig  frk^m  thf*  jet;  that  is  to  say,  till  it 
has  become  mixed  with  four  or  five  times  its  volujjie  of  air ;  it  then  boms  with  a  bright 
flame,  which  no  longer  smokes,  and  may  be  nwsd  for  illiiminatjou. — 3.  Essential  Sis, 
when  placed  in  vessels  not  perfectly  closed,  and  at  the  medium  temperature  of  the  air. 
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ttb»orb  os^n  gii ;  acquire  the  pow^ of  reddening  llimiu  ctronglj^  from  foriiution dt 
bftMoie,  eiuuAiuic,  ncftic,  atid  other  orgtuuc  adds;  «sd  are  then  pai-tially  cunTert«d 
into  retua,  becombg  vimiid  and  less  odorifenDiit,  and  ptsung  from  the  coloiirk«i»  bIaU 
to  jeUov  or  red-brown,  or  frum  blue  to  biown.  Oik  tbw«  altered  are  r«*olvpd  by  dis- 
tiUktioD  into  par«  oU  luid  a  re«idu(^  of  i^«in.  The  ubaorplion  of  oxygen  taken  place 
with  difTeFent  degrees  of  rapidity  in  different  oiU,  Far  th«  Unit  fpir  daye  it  gon  on 
alowly,  then  increases  b  rapidity  up  to  a  eeitaiii  limit,  beyond  which  it  again  dimin- 
iahes,  and  alter  serend  motithx  bt-oomes  imperceptible.  During  this  dbunge,  and 
liiiiiiilllji  lowarda  the  end,  the  oil  f'xbales  a  smiLli  quantity  of  cttrlwntc  aahydndi%  and 
A  itill  amallcEr  quantity  of  bydroceu.  At  the  Mime  time,  a  atnall  qiiantity  uf  Tpry  acid 
w«t«ip  is  ^roduMd,  which  ia  fooiiely  attachod  to  the  resiniaed  oil^  bat  muy  be  a«piLrated 
fnsni  it  either  by  th«  applioatioo  of  heat  or  by  ezpo6Uf«  to  the  tun. — i,  A  aimilar  de- 
eompoution  to  that  which  tskea  vH^ce  in  the  air,  is  likewise  produced  by  pUcing  the 
oil  in  oontaet  with  nitrous  ya#,  which  it  rapidly  absorbs  :  idso  by  boding  the  oil  with 
oxidt  ofcoffper  ot  peroxidt  of  Uad^  watf-r  being  then  formed;  or  by  digesting  it  with 
murmuic  nitruU  or  eUoride,  these  bodies  being  thereby  eon  verted  into  meroorons  ni^ 
tnta  ftnd  calomel  respectiirely.  Volatile  oila  nre  likewise  reimised  by  aiannie  ektorid$ 
wui  pfniaehioridt  of  antimonif,  the  latter  often  yielding  reduced  metaL  Oils  which 
eaaiiy  rcsinise  in  the  air  are  likewise  immediately  threfeened  by  agitation  with  a  warm 
ooneeDtmted  aolotion  of  neutral  frrrk  aul^hate.^b.  Volatile  oils  absorb  thi4fTin£  qom^ 
with  evolution  of  heat^  and  are  converted  into  viscid  substances  (Th^nard).  Hydro* 
chloric  acid  is  frequently  funned  in  this  reaction,  a  lubstituti on  of  chlorine  ftrr  hydrogen 
likewise  taking  pUoe.  iromim  exhibits  similar  reactions  (Lauren  t ). — 6.  Majiy  voklUe 
oils  pfoper  giTS  up  their  hydrogen  to  iodine  bo  rapidly,  and  with  no  great  a  develop* 
ment  of  heat,  that  an  explosion  takes  place  aocompunied  with  evolution  of  violet  and 
yellow  vapoursi.  Thia  in  tlie  case  with  the  oils  of  turp^'Utine,  juuipor,  savioe,  1*^00% 
rosetnacyf  and  la  vender  The  residue  is  a  thickened  oil  or  a  brown  acid  real  a.  These 
Otis  lose  by  age  the  property  of  deflagmting  with  iodine. — Other  oils  dissolve  iodine 
quickly,  with  or  witnout  evokition  of  heat,  forming  therewith  a  brown,  thickish  oil,  or 
a  soffc  or  hard  i^esin,  with  separation  of  a  brown  Hquid  containing  hydriodlc  acid.  8uch 
is  the  case  with  the  oils  of  cinnamon,  sassafras,  cloves,  rue,  tansy,  caraway,  fennel,  and 
peppermini. — 7.  Fuming  nitrite  acid  decompoeea  ea^atial  oils  mostly  with  great  ra- 
pidity, the  action  being  atteudM  with  ev(^lutton  of  gas,  and  with  development  of  heat 
often  amounting  to  tbe  most  virid  inflammation  ;  those  essential  oiU  which  are  not  set 
on  fire  by  fuming  nitric  acid,  generally  burst  into  iame  when  treated  with  nitric  acid  to 
which  half  its  bulk  of  sulphuric  acid  hue  been  added.  After  the  combustion,  a  residue 
of  charcoal  is  leit.  if,  however,  the  oil  does  not  take  Are,  there  remains  a  soft,  bitter 
resin,  which  retains  nitric  peroxide,  even  after  loug  washing  with  water,  and  a  yellow 
or  brown  acid  liquid  from  which  water  still  separates  a  resinous  substance.  Camphors 
xre  not  so  rapidly  dt'compottrtd ;  »i»veral  of  them,  and  other  volatile  oils,  are  converted 
by  heating  with  dilute  nitric  acid,  partly  into  peculiar  acids  (benzoic  and  aui«ic  acids), 
partly  into  oxalic  acid.  Many  oils  turn  yellow  when  mixed  with  one- fourth  to  one- 
talf  their  weight  of  concctitmted  nitHc  acid ;  others  first  turn  pale  red,  then  bright 
red,  and  after  twtnty-four  hour*,  brtpwn  i  oihers,  again^  acquire  a  beautiful  violet  colour 
(Bo  nasi  re). — 8,  Strung  auljihurie  tuid  mixes  with  most  fssential  oib,  cauHinc;  rise  of 
temperature  and  evolution  of  sulphurous  anhydride,  together  with  a  volatile  oil  which 
smellH  of  Ktraw berries ;  the  product  is  a  (hick  brown  liquid,  from  which  water,  in  many 
oases,  separates  an  isomeric  compound  {(.gf*  aniaoin  from  anise-oil) ;  in  other  cases,  a 
brown  acid  substance,  which  hwm^  aometimea  like  artificial  tannin,  sometimes  like 
an  acid  resin,  diaaolvM  in  aloabol  and  alkalJa,  and,  to  a  certain  extent,  also  in 
water:  heating  tbe  sulpburio  acid  solution  causes  the  mass  to  carbonise.  Camphors, 
which  usually  diMsolre  without  deeoiinpO!<ition  in  cold  sulphuric  acid,  likewise  become 
eharred  when  hent^ed  with  it, 

ComMnsli&n*. — a.  Essential  oils  and  many  camphors  are  slightly  soluble  in  water, 
to  the  CEZtent  of  about  1  pt  in  1,000  ;  tho^  which  contain  oxygen  dissolve  more  freely 
than  those  which  do  not.  The  solution  is  sometimes  obtained  by  agitating  the  vulalile 
oil  with  water,  but  more  frequently  by  distilling  the  water  with  substances  which  con- 
tain the  volatile  oil  The  products  are  called  Diitditd  Water*  {Amta  distiliatay  They 
are  transparent  and  colourless,  unless  the  oil  is  in  excess,  in  wbica  case  it  remains  t^T 
a  long  time  suspended  in  the  Liquid  and  renders  it  tiurbid  ;  ther  possess  the  taste  and 
smell  of  the  volatile  oils  which  thepr  contain.  Agitation  witn  a  fixed  oil  (Davit^s, 
J.  Fhmm.  ix.  16),  or  with  ether,  withdraws  the  volatile  oil  fh>ra  the  water,  and  on 
evaporating  the  ethereal  solution, the  greater  part  of  thf  oil  is  left  behind(SoubeJrttn, 
J.  Fharm.  xvii.  620  ;  xix.  50).  Agitating  the  water  nrlth  common  sijlt  lieparatea  a  con- 
siderable portion  cf  the  oil ;  such  is  the  case  with  Aqua  Frnnictdi^  MtnthtB  piperittft 
and  Ci ft ns/A&^Tnt,  and  with  water  containing  primrose-camphor.  (Hunefeld^  J.  pr, 
tVm.  ix.  24.) 
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To  determine  tlie  quantity  of  voktile  oil  contained  in  n  distilled  water,  half  an  c„„„ 

of  the  liquid  is  to  bo  mixed  with  a  anwdl  quantitj  of  gtdatinons  starch,  and  a  Rolution 

of  1  gniiQ  of  iodine  in  500  gnuna  of  nlcobol  und  IJiOO  gTHins  of  water  added,  with 

LftgitatioDf  till  the  oil  ceases  to  pire  up  bydrogpn  to  the  iodiae,  aud  consi^qucotly  tha 

I  iodine  begins  to  impart  a  blue  colour  to  tlif*  stjirch.      It  must,  howerer,  be  oV^se^vrdt 

I  ilijit  different  oils  diwtroj  tlie  blaeing  propcrtieB  of  difftrent  quautities  of  iodiaet  &t^d 

'  that  therefore  this  mode  of  testing  can  be  applied  only  for  comparing  diiF^rent  sample* 

of  the  same  kind  of  distilled  watyr  one  with  rJie  other. 

J9.  Volatile  oii»  distfolve  readily  in  alcohol,  and  most  of  them   mix  with  aboolutd 

alcohol  in  all  proportions.      According   to  Sauasure,  the  solubility  of  di0erent  oils 

iiicreti»e6  with  the  quantity  of  oxygen  which  tliey  contain ;  hence  also  the  same  oil  ia 

more  readily  Roluble  the  longer  it  haa  b€«Q  exposed  to  the  air*     Such  solutiona  ar« 

I  obtained  by  difltilhng  part*  of  plants  which  contain  the  volatile  oil  with  alcohol  and  a 

[  vroall  qoantity  of  water,  whie^h  prevents  charring  towards  the  end  of  the  distiUatioii, 

klCanj  m  the  preparations  which  npothecariea  call  "  Spirits  "  are  solutions  of  this  kind,  aa 

^Alao  tterfuined  waim^  wueh  aa  Eau  dt  Cdognf,  Latfender-waUr,  &c.     Most  camphors 

rslflo  oieeolTe  readily  in  alcohol ;  there  are  but  few  which  disaotve  with  difficulty.  All  thes^ 

|-Bo1utioD8  bum  with  a  bright  ttame^  which  is  smoky  if  the  solution  contains  much  oiL 

y  When  mixod  with  water ^  th^y  turn  milky,  from  separation  of  the  oil.  part  of  which, 

[  tiowQVftr,  remains  dissolrtH}  in  the  aaueoua  mixture.     If  a  volatile  oil  ia  mixed  with 

'  ohIt  a  amall  quantity  of  ali^hol,  it  aoea  not  become  turbid  when  mixed  with  water, 

and  only  gives  up  its  alcohol  when  repeatedly  agitated  with  frcfth  quantities  of  water. 

Wood-spirit  and  accttmr  behave  like  alcohol ;    so  likewise  do  ether  aud  s^iventl 
Other  ethereal  liquids^  excepting  that  from  the  latter  the  oils  cannot  be  seoarated  by 
(^^Btor.     Sulphide!  of  carb&n  mixes  in  all  proportions  with  volatile  oils,  and  diasolres 
F  fstnapliora. 

Volatile  oils  mix  with  faU,  dissolve  most  rfnin»  and  rtHnoiu  oolouting  matUrs^ 
[And  several  organic  bases  ;  they  also  mix  with  one  another* 

I  With  the  aid  of  heat^  they  dii*solve  a  tolerably  large  quantity  of  pht^pKt^ms^ 
[fbnning  a  liquid  which  shines  in  the  dark,  and  deposits  the  greater  part  of  tlie  phos' 
[^orus  on  cooling. 

They  alsoi  when  he^ated,  diaaolvo  a  small  quantity  of  Hulphur,  which  crystallises  out 
j^in  on  cooling ;  when  boiled  for  some  time  with  sulphur,  they  unite  in  the  deeompoaed 
ftitatef  with  considerable  quantities  of  that  substance^  forming  ii  brown^  greasy,  ^inkii^ 
Tfikass^  called  Volatile  BaUmn  of  Sulphur^  which,  if  heated  for  a  longer  time,  quickly 
I  evolves  a  large  quantity  of  ftulphurt'tted  hydrogen  gas.  Most  camphors  may  also  h& 
i  made  to  unite  with  sulphur  and  phosphorus  by  fusion. 

7.  Many  volatile  oils  and  camphors  absorb  large  quantities  of  ht/drochhric  arid  pa*^ 
producing  great  rise  of  temperature^  and  forming  sometimes  oily,  fiomotimes  camphor- 
oVdal  eompotindsv  in  which  the  chloniie  cannot  be  detected  by  nitrate  of  silver.  With 
I  hydroliTomk  aeid  ^as  they  Iwhave  in  a  similar  manner.  M&nj  of  them  eombine  with 
I  emoride  of  pho9p£>rtt^  and  chloride  0/  sulphur^  the  combinatjon  being  attended  with 
I  evolution  of  heat^  They  likewise  absorb  small  quantities  of  carbonic  oxide,  carbonic 
L  Anhydride,  and  nitrons  oxide  and  larger  quantitiea  of  sulphurous  anliydride,  solphy- 
idric  acid  and  fluoride  of  calcium, 

5.  Volatile  oilft  mix  readily  with  hydrocyanic  aeidt  abstract  that  acid  from  watfr^ 
land  form  a  mixture  which  does  not  readily  decompose,  and  is  especially  biavier  than 
I  water  (Ittner)»  Thty  absorb  a  few  volumes  of  cyanogen  gas^  and  dissolve  iodidt  <yf 
'  ifanogm  with  facility, 

t.  Many  volatile  oils  and  camphors  are  capable  of  mixing  with  certain  organic  Qcid4 
riQch  as  acetic,  succinic,  benzoic  camphoric,  suberic  acid,  nnd  the  fatty  acids.  Sfmng 
ACptic  acid  dissolve*  many  vols  tile  oils  aud  camphors  (Four  croy  and  Van  quel  in, 
Bcher,  J.  v.  282;  Vauquelin,  Ann.  Chim.  Phya.  xix.  *i79).  Acetic  acid,  whidi  holds 
volatile  oils  in  wlutjon,  reducr«  mercurous  nitrate  or  silx'er  nitrate  at  a  boiling  htNat» 
but  not  so  quickly  as  formic  acid.     (Walcker.) 

f.  Only  a  few  uil»t,  which  contain  oxygen,  and  have  a  slightly  acid  character,  ▼!«. 
creosote^  oil  of  cloven,  and  oil  of  pimento,  absorb  ammtmiaeal  gaa  in  abundance,  dis- 
eoke  in  sqiteoua  alkidis,  and  form  with  these  and  other  bases,  saline  oompoiind^  in 
which  the  odour  of  the  oil  is  destroyed. 

Volatile  oils  dissolve  ftxid^  of  copper  at  ordinary  temperafuros,  but  reduce  it  on 
application  of  heut  (A.  Vogel);  they  dissolve  pmtnxtdf.  of  had  with  jDicOity 
(Schweitzer);  mix  with  rhlonde  and  fiuoride  of  ars^tiic ;  and  abstract  corrosive 
sublimate  from  its  aqueous  solution,  whereby  they  become  thick  and  soHd.  They  slso 
separate  chlm^ide  of  gold  ftura  its  aqueous  solution ;  and  on  subsequent  expoisops  to 
light,  the  gold  is  set  five  in  the  metallic  state, 

AdultrratioftM  of  Volatile  Oil  a, — The  more  expensive  of  thes«  oils  are  often 
aduItenlt«^d  with  cheaper  oils  of  the  same  class,  alao  with  fixed  oils  and  with  aJcohoL 
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I.  With  Futtd  OiTt.— L  Oils  tbtui  ttdoltcmled  \exve  npoii  paper  a  greasy  spot,  which 
t*fiuiiiw  eren  aflir  lang-oontiimM  Wftrming  st  100**.— 2.  Wbeo  the  mixture  ib  di«tille<i 
with  iptf^  The  Tolatiic  oil  poaseiOTer,  whikthe  fixed  oil  pprajvins,  aud  may  be  detected 
hy  sapoaifying  it  with  potAsh. — 3.  On  dI»olving  the  volatile  oil  in  thrM  tiinefl  iu 
fY)lDm«  of  80  per  cent  alcohol^  the  greater  paii  of  the  fixed  oil  remains  undiii- 
•olTed. 

IL  With  Alcnhol. — L  When  the  proportion  of  nloohol  is  Urge,  the  ^jce^iet  part  of 
it  mftv  b«k  extrfict«d  bj  va/tr,  the  liquid  acquiring  a  milkj  ^biditj«  Hence  the 
quantity  of  alcohol  maj  ba  detennined  bj  shMldng  up  the  oil  with  &u  equal  bulk  of 
«Hl#r  in  a  graduated  test-tube,  and  obaerring  the  liouimtioii  of  volume  (Li po wits)* 
The  result,  howerer,  it  not  quite  accnwte,  becaoae  the  s^^parated  oil  still  retainji  a 
portion  of  aloohoL — 2.  The  mixtnre,  when  distilled  with  iDottr,  giTBi  off*  the  alcohol 
at  the  very  beginning  of  the  distillation  ;  and  thi«  first  distillate^  when  concentiutod 
by  rectification  yieloa  alcohol,  easily  recogniecd  bj  its  vmell,  ta«te,  density,  boiling 
point,  and  fiame. — 3.  Into  a  graduated  tube,  two-thirda  filled  with  the  oil,  some 
pieoM  otehhridt  o/c^ciH/n^  free  from  duat,  are  introduced,  and  the  whole  is  heated  for 
fiTe  minutea  on  the  water-bath,  with  fi^equent  agitation.  If  no  alcohol  is  present,  the 
lumps  of  chloride  of  calcium  appear  unaltered  after  cooling ;  if  a  small  quantity  is 
present,  theyajipeBr  effloreaced  and  baked  together  ;  and  a  k%er  quantity  cauii^^a  th^^m 
to  deliquesce  with  the  alcohol  into  a  fiuid  lay^r,  tiie  oil  floating  on  the  top,  and  appear- 
ing dimintfihed  in  Tolume  in  proportion  to  the  {|nantity  of  alcohol  present, — 4.  Potas- 
tium  oridiaee  in  the  alcoholiAi^  oil,  with  erolntion  of  pas  i  and  the  moreqaickly  aa  the 
proportion  of  alcohol  i^  greater.  Twelve  drops  of  the  oil  are  poured  into  a  watch-glassj^ 
ana  ft  piece  of  potas^um  as  huge  as  a  pin^s  head  is  introduced.  If  the  potaseiutn  re- 
maina  iinalt«red  for  12  to  \6  miDutes,  the  oil  is  pore,  oral  least  docs  not  contain  more 
than  4  per  cent  alcohol ;  if  it  disappears  in  less  than  a  minute,  the  oil  contains  25  per 
cent,  alcohol  or  more. — 5.  A  pure  Tohitile  oil  agitated  with  an  equal  volume  of  olivie* 
oil  yields  a  dear  miJcture ;  whereas  th^it  which  contains  alcohol  forms  a  turbid  mixture 
the  alcohol  being  8eparat«d.     (Highini,  J.  chim,  m^.  xx.  351.) 

m.  AdutUratlo^ns  of  exptTisiiY  OiU  with  Oil  of  Turpentine. — 1.  The  presence  of  this 
adulteration  may  be  deteeted  by  the  emell,  especially  on  rubbing  the  oil  between  the 
handn,  or  after  eetttng  it  on  fire  and  then  blowing  it  out. — 2,  Since  oil  of  turjientine  is 
less  soluble  in  liydnit<*d  alcohol  l^n  many  other  oils,  the  suspected  oil  may  be  agitated 
with  it«  own  bulk  of  80  per  cent,  alcohol ;  if  oil  of  turpentine,  anise,  or  fennel  be  nre-^ 
sent,  the  solution  is  iocomplet^^. — 3.  Oil  of  turpf*ntine  mixe«  much  more  easily  wiihj&red 
oil*,  than  the  oils  of  marjoram,  laveniler,  Talunun,  sage,  peppermint,  or  wormwood. 
If,  therefore,  ^  grms»  of  the  suspected  oil  be  agitated  with  3  grms.  of  pcjipy  mtf  and 
th«*  mixture  remains  turbid,  wemayconclade  that  the  oil  is  not  min*<l  with  turpentine; 
for  (^ven  a  small  quantity  of  the  latter  would  ronder  th»*  mixture  clear.  This  method 
IH  not  applicable  to  the  oils  of  thyme  and  rosemary  (Mero,  J»  ckim.  mM.  ixL  93). — 
4  Miiny  TolatOe  oils  diseoWe  the  colouring  matter  of  aandal-UKiad,  bnt  oil  of  turpentine 
do*»9  not ;  the  preeenoe  of  the  latter  will,  therefore,  diminish  the  solvent  power  of  the 
other  oil  (Voget,  Ann.  Phann.  vi.  42). — 5.  Oil  of  turpentine  becomes  strongly  heated 
und  detoniites  by  contact  frith  iodine;  many  other  oils  do  not;  but  if  the  latter  are 
mixcil  with  only  a  small  quantity  of  oil  of  turpentine,  they  likewise  detonate  by  contact 
with  iodine.     (Tuchen.) 

OXSAJrn'&.    An  old  name  for  Anatuse,  from  Oisana  in  Daaphiny. 

OXKirXTa.  Dvsclatite.^A  hydrated  siMeate  of  ealcium,  occomng  m  the  Faroft 
iNlninl^,  Icelarui  and  Greenland,  eometimes  in  prtsmatic  crystals,  probably  trimetric 
and  having  the  angle  qbP  :  c»P  ==  122**  19',  but  more  generally  maasive  and  fibrous. 
Hazdneis  «  Ao  to  6.  8p«?ific  gravity  ^2  ^62  (Connell);  2-28(Kobell).  White, 
with  a  shade  of  yellow  or  blu*»,  and  a  p*«arly  lustre.  Often  opalescent,  subtrHnsparent 
to  snbtninslaceot.  Very  tough.  Analysis  1  isbyv.  Hauer;  2  by  Kobell  (/?4»ia- 
wtdiberg't  MintrakktmU^  p,  trU4): 

SIO*.       F«<0\        C*»0.        Na»0.      K»0.        H^O. 

1.  Biacoe  Island,  QreenUnd     54*81       .    .       27*23      .    .       .     .        1804 » 100 OS 

2.  Faroe       ....  67'69       OM       26-88       0-44       0-23       14  71 « 10044 

These  analyses  lead  to  the  formnla  Ca*0.2SiO*>2H*0  or  perhaps  Cca'*H'Si'OMI*0, 
which  is  that  of  a  hydrated  mt'tniisnicate. 

0S.]lA3iCXl»a.  C"'H»*NO  »  N.mc*"H»*0,;'Prodaced  b^  the  action  of  alcoholie 
ammonia  on  oil  of  almonds  (Rowney,  Ed.  PhiL  Trans,  xxi.  pt  2;  Chera.  Soc*  Qn, 
J,  viL  20U),  or  oil  of  baxel-nuts  (Carlot,  Bull.  Soc.  Chim.  1859,  p.  73),  nnd  purified 
by  pressure  and  recrystallisation  from  alcohol.  It  forms  cr^^titalline  nridule.^  ;  be^ti^ 
to  melt  at  7i^,  becomes  perfectly  fluid  at  «!=•,  and  solidifiee  to  a  semi-transparent  matis 
at  7d^  (Eowney);  at  1&^  to  a  highly  crystalline  ma<«  (Carlet).    It  is  ini^oluble  in 
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wutrr,  but  diiiaolves  c'asily  in  warm  aleokol ;  l»4»conies  yellow  and  rancid  "whpti  esposed 
to  Hif  mr ;  aud  m  decumfKjscHl  hy  htfttijig  in  a  8eDLl*?d  tube  with  akufhitiic  potash^ 
-yielding  olente  of  iKtUsgium  (Curlet).    It  is  also  decomposed  by  fusion  with  hydrate 
ffof  potoMiam^  not  by  hoiling  with  aqueouB  putnish.     (Rowney.) 

TIms  convemon  of  oil*  and  fats  into  amidea  by  Uie  notion  of  ammonia  wa«  first 
nutieed  in  184*  by  Boiillay  (J,  Pharm.  v.  329),  who  however  did  not  obtain  them 
pure,  and  reganloa  the  products  obtained  from  diflferpLif  oils  as  one  and  the  mine 
amide,  which  he  called  margaramide, 

Ei^ii>A.KO)R|  isomeric  with  oleamide,  im  obtained  by  en  dosing  1  vol.  eJaiditi 
.  (ppepRred  fmm  almond-cil  with  nitrouK  Hcid)  with  4  vol.  aqueous  ammonia  *uid  2  toL 
[  iiIcahoL  It  fomiti  colourless  shining  neodles  which  melt  partially  at  92^,  and  com- 
rpktdy  rtt  04*^,  the  liquid  solidifying  to  an  opaqnt*  mass  at  91**.     (Rowney.) 

aXiXtSiriE,     «Syn.  with  NomrtJtMK. 

OX£3*I^ia'T  OAS.     Syn.  with  Ethtuenb. 

OXvUFlWES,  Hydrocarbons,  C^H*",  homologous  with  ethylene;  so  called  frt>m 
their  pn>perty  of  forming  oily  compounds  with  bromine  and  dilc^rine^  like  Butch  liquid 
(see  HYDatxAHBON.s  iii,  187)- 

aJ^miC  ACX9.    C^'H'^0*   =        Ji    ^|o.     Chevreul,  Rtcherches  Mir  h*  wrptt 

I  gnu,  p,  205.— Varrentrapp,  Ann.  Ch.  Pharm,  xxxv.  196,^Ou8serow,  Kastnpr's 

1  Archiv.  t  ChenL  o.  MeteoroL  h  73.— Laurent,  Ann.  Cl»,  Phja.  Ixr,  U9.— Gottlieb, 

Ann.  Ch.  Pharm.  Ivii.  40. — Heintz,  PoRg.  Ann.  LtxxiiL  555;  Lxxxix.  fi83;  xe.  143. — 

Her t helot.  Ann,  Ch.  Phy-s.  [3]  xli.  243. — The  liqtiid  srid  obtained  by  the  aaponi- 

jgeation  of  non-drying  oils  and  Bolid  fiits.     Under  the  influened  of  nitrous  acidf  it  ia 

^transformed  into  a  aolid  modification  eallfxl  rfai^k  actd, 

Prrparathn.  In  the  inanufactur<»  of  stearin-candles;  oleic  acid  is  obtained  by 
treating  with  dilute  sulphunc  iieid  the  lime-soap  produced  by  the  action  of  lime  upcm 
tallow.  The  fatty  tdcids  resulting  frc>m  the  decomposition  arc  washed  with  hot  wiiter, 
and  solidi^  in  mass  on  cooHug ;  and  this  mass  when  subjeet*»d  to  pressure,  yields  a 
liquid  rich  in  olric  acitU  but  still  r»  taining  a  considerable  qimntity  of  iiTt*arie  m-id. 
After  remaining  for  some  time  in  a  etdd  place,  it  deposit«  a  quantity  of  ikilid  mattpr, 
and  the  liquid  decanted  fromi  this  is  eent  into  th^  market  as  olHe  acid.  It  is  an 
impure  acid  containing,  besides  stearic  add,  a  c«rtmn  quantity  of  oxy -oleic  acid  pro- 
duced by  the  oxidising  action  of  the  air. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with  potash ;  the  soap  is 
decomposed  by  tartaric  acid;  and  the  separated  fatty  acid,  after  being  washed^  is 
Juated  for  ."lome  huurs  in  the  water-bath,  with  half  its  woijEiht  of  oxide  of  lead  pre- 
viou-ily  reduced  to  fine  pjwder.  The  mixture  is  then  well  shaken  up  with  about  twice 
its  bulk  of  ether,  which  dissolves  the  oleate  uf  lead  and  leaves  the  s>(enrate  ;  ihe  liquid 
after  standing  for  some  time  is  decanted  and  mixed  with  hydnx^hloric  acid  ;  the  oleic 
acid  thereby  eliminatwl  dissolves  in  the  ether,  and  the  ethereal  soluKon  which  rises  to 
the  surfaiie  of  the  water  is  decanted,  mixed  with  water^  and  freed  from  etlier  by  dis- 
tillation, Thi^  residue  is  nearly  pure  oleic  acid,  contmniug  only  a  small  quantity  of 
oxy-oleic  acid*  To  free  it  frnm  thiB^  it  is  saturated  with  ammuuiaf  and  the  resulting 
F<j;ip  is  decumposeil  by  chloride  of  l»ftrium,  whereby  a  pret'ipitate  of  olcatc  and  oxy- 
oleate  of  barium  is  formal,  which  after  drying  is  treated  with  boiling  alcohrd,  Tlie 
solution  on  cooling  deposits  crystals  of  oleato  of  ban  am,  the  oxy-oleate  remaining 
in  solution  *  and  firom  Oiese  crystals  the  oleic  acid  may  be  separated  in  the  pore  stAt« 
by  means  of  tartaric  acid  diswived  in  water  which  has  been  previously  freed  from  air 
by  boiling,  the  decomposition  and  ihf  suWcquent  washing  being  carried  on  in  such  a 
manner  as  t^  pmtect  the  oleic  acid  fnjm  the  action  of  the  air. 

The  mode  of  purification  just  descril»ed  may  be  applied  to  cominercial  oleic  acid. 
Propertifs,—  Oleic  acid  crystallises  from  alcohnlje  solution  in  dazzling  white  needleSi 
and  melts  at  14^  to  a  colourless  oil^  which  solidifies  at  4*^  to  a  hard^  white,  crystalline 
masA,  expanding  at  the  .same  time  to  such  an  extent  that  the  remaining  liquid  is  ex* 
tmded  (Qottlieh).  Hpedfic  gravity  »  0808  at  19°  (Chevreul).  The  acid  volatilisps 
in  vacucJ  wiihoiil  deoomp«>sitioa  (Chevreul,  Latirent).  It  is  tastdessand  ino<ioroa9, 
reacts  neutral  when  umikfred  (not  oxidised),  also  in  alcoholic  soMion  (Gottlieb). 
It  contains,  according  to  the  mean  of  Gottlieb's  analyses,  76-34per  cent,  carbon^  and 
12  14  hydrogen,  the  formula  C'"H'^0*  requiring  76  59  C,  12'06  H,  and  11-35  O, 

01*^ic  acid  is  insoluble  in  wattr^  very  soluble  in  alcohol^  and  dissolres  in  all  |>«>- 
portions  in  rthfr.  Cold  strong  judphnric  acid  dissolves  it  without  deeomposirion.  It 
dissolves  solid  /a^,  stearic  acid,  palmitic  acid,  &c  (Ohevreul)^  and  is  dissolved  by 
ifiit,  with  formation  of  a  eoap,  and  strong  acid  reaction*  (Marcet,  Phih  Mag.  [3] 
xvii.  14  fi.) 
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— In  tlie  solid  Btatfs  oleic  add  oxidlsM  Irat  flJovtj  in  the  atr ;  but  tti 
the  liquid  iftAt«  it  rapidly  abaorbi  ozjgen^  acotii^s  &  randd  taate  and  BmeU,  and  a 
dpdbdt^  arid  reaction^  do  longer  erpmMwtt  at  Jaw  temperature^^  and  fbrtne  with  barytti 
a  flali  T^iy  aolubk  in  aJcohot  At  IQiP  it  absorbs  oxyg»*u  more  mpidljr  tkin  at  ordinary 
tempentiirefl,  and  givea  off  cart»oii ic  an h y d nde.     (Gottlieb. J 

3.  Oleic  acid  is  decompoaed  by  di^tiUation,  jieklijig  aebacte  add,  the  proportion  of 
wlueb  if  gnoter  u  tbe  oleie  acid  ia  more  nearly  pore;  the  other  producta  of  the  dc- 
eompoaitioii  are  eapijlte,  caprojc,  and  aoetie  adda,  aerefal  eaaeous  hydrocarbons^  and 
oarbonle  anhydride.  The  formatioa  of  eebaeic  acid  by  dinilLLtioQ  serves  to  distinguish 
oleic  add  from  other  oily  acids.    (Varrentrapp  ) 

3.  Oleic  add  heated  with  kydrait  of  potasHum  gi^es  off  hydrogen,  and  forma  pal* 
mitaie  aad  a<*etatc  of  polaaxium  (Varrentrapp): 

C'»H«H)*  +   iKHO     =     C'*H"»KO^   +    C=H"KO'  +    H». 

4.  DistiUed  with  one-fourth  itH  weight  of  quickfimf,  it  jnelda  a  nrtitral  unaapo- 
nidable  liquid,  probably  oleone  (Basay,  Aim.  Ch.  Pharm.  \x.  271).  When  to  pt».  of 
cmde  oleijc  acid  are  mixed  with  9  pta.  of  alaked  lime,  then  with  3  pta.  uoda-Iime,  the 
mass  dieliiled,  and  the  distillate  collected  in  a  cooled  feeetver,  liquid  producta  are 
obtained,  amounting  to  two- thirds  of  the  oleic  add,  and  gaaea  are  giyen  off  consisting 
rhtcfly  of  ethylene,  tetrylene,  amylena^  and  olefin ea  ol  higher  atomic  weight. 
(Bert helot,  Ann.  Ch.  Phys.  [3]  liii.  200.) 

5.  Oleie  acid  diatilled  with  iml^kur  giTea  off  sntptiydrie  acid,  and  yields  a  red- 
brown  stinking  oil,  called  by  Anderaon  stdphids  of  odmyl^  but  perhaps  consistiDg 
mainly  of  tetrylie  mercaptan  (p.  173). 

6.  Ckhrine  and  hrofnim  in  presence  of  water,  conrert  oleic  acid  into  dicMoroleic 
and dibromoletc  acids  re«pectivMiy:  iodine  exdtea  no  action  upon  it  (Lefort).  Bromine 
added  drop  by  drop  to  pure  crystLlliied  oleic  acid,  forms  tribromo-dioleic  add.  (Burg, 
p.  194.) 

7.  Sfcioitg  svlpkvrie  acid  dissolres  oleic  add,  forming  a  aolntion  which  is  predpitated 
by  wat^r;  on  heating  the  liquid,  it  blackens  and  gives  off  snlphurous  anhydride, 
(Gottlieb.) 

8.  NUrout  acid  converts  oleic  acid  into  el  a  i  die  acid,  a  aolid  body  iaomertc 
with  it- 

9.  Strong  niiric  acid  attacks  oleic  acid  with  violence,  ^ving  off  red  nitrous  vapoiirs, 
and  producing  volatile  acids  of  the  aeries  OH-"0*,  vie,  acetic,  propionic,  butyric, 
valency  caproic,  csuanthylic,  caprylic,  pebir^nic,  and  capric  ikc'uU ;  and  fixed  adds  of  the 
aeries  Oll**-*0*,  vii,  sulwric,  pimellc,  adipic,  lipic,  and  atelaic  add^^  the  number  and 
ppppirtioii  of  these  products  varying  with  the  diiralioo  of  the  aHion. 

(ileic  ac'id  heutea  with  an  equal  wdght  of  glycerin  yidda  triok'in  ;  with  excess  of 
glycerin,  monolein.  Heated  with  glycerin,  and  hydrochloric,  (artaricj  phosphorie, 
or  lulphuttc  acid,  it  yields  oleins  containing  aleo  the  radicle  of  the  second  acid, 
(Bertholot.) 

Ouaiv.  The  formula  of  the  neutral  oleat^  is  C"H*^0"  or  (?^U**WO\  accord- 
ing to  the  atomidty  of  the  metaJ  :  t  hei^  are  likewiM>  acid  olealee.  The  neutrnl  oleatca 
of  the  alkali'metals  lU'e  soluble  in  water,  and  not  ao  complft<»ly  predpitated  from  their 
solutions  by  the  addition  of  another  aoluble  ealti  as  the  ateamtes  and  palmitatea.  The 
add  oleatea  are  liquid  and  insoluble  in  water. 

The  oleatee  dissolve  in  cold  absolute  alcohol  and  in  i»ther,  a  property  by  which  tli<'y 
may  be  distinguiabed  and  separated  from  the  et^'aratefl  and  paltnitatea. 

It  is  K>mewhal  difficult  to  prepare  the  oleatee  in  a  ntnt^  of  purityt  in  consequent  of 
the  nvpidity  with  which  oleic  acid  oxidieet»  in  contar^r  with  the  air.  Tbe  best  mode  of 
pfoci««»ding  ia  to  decompoie  oleate  of  bariiun  with  the  sulphate  of  the  base  which  ia  to 
be  combined  with  the  oleic  acid.  The  two  salts  are  pounded  t^ogether,  and  digeated 
in  a  dosed  ftaak  at  a  gentle  heat  with  alcohol  of  specific  gravity  0*»33.  Sslphate  of 
barium  ia  then  formed,  and  the  oleate  of  the  other  base  dissolves  in  the  alcohol,  ^m 
which  it  may  be  freed  by  distillation  in  a  current  of  hydrogen. 

Ohati  of  A  mmi>nium  is  gclaittiou«  and  soluble  in  water.  It  may  be  produced 
by  digesting  oleic  acid  in  the  cold  with  aqueous  ammonia^ 

Oleate  of  Bmrium^  C*»E'^uO'  or  C^H**Bbji''0*,  the  preparation  of  which  has 
already  been  described  (p.  192),  i»  crystalliue  and  infusible  at  100°  when  pure,  but 
when  altered  by  contnct  with  thf*  air,  it  melts  below  100**. 

It  dissolves  in  wtirm  dilute  alcohol,  and  the  solution  on  cooling  deposits  flocks  eon- 
sisting,  according  to  Gossmann  fAnu.  Ch.  Fharm,  Ixxxvi.  322),  of  an  add  salt 
C»*H«BaO*  or  C*^"Bba''0*.2C'*H»*0». 

The  oleatee  of  caldum  and  §troniium  dostly  resemble  the  neutral  barium  salt 

Oleate  of  Chromium  if  amorphous  and  violet  oolonred.— CW^«^  of  oohdt  is 
Vol.  IV.  O 
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bluish  and  pulvenilciit.— 0^^  of  copper  is  a  green  precipitate  extremely  fnaiUe,  per- 
fectly fluid  at  100°. 

OX t ate  of  Cobalt  Oleate  of  potassium  added  to  a  hot  solation  of  sulphaie  of 
cobalt,  forms  first  a  bluish-green,  tnen  a  green  precipitate^  which  settles  down  refj 
slowly.    (Chevreul.) 

Oleateof  Copp e r.  By  precipitating  cupric  sulphate  with  oleate  ct  potassium  or  br 
warming  oleic  acid  with  cupric  oxide,  a  salt  of  fine  green  colour  is  obtained,  which 
becomes  quite  fluid  at  100^  (Chevreul).  It  dissolves  in  all  proportions  in  aleob<rf 
with  bluish-green  colour;  with  a  small  quantity  of  alcohol,  it  forms  an  oil.  (Unver- 
dorben.) 

Oleates  of  Lead.  The  neutral  salt,  CTI^PbO*  or  C"H"^b''0*,  is  prepared  by 
dissolving  oleic  acid  in  absolute  alcohol,  addinff  an  excess  of  dry  carbonate  of  sodium 
and  heating  gently,  so  that  the  vapour  of  the  alcohol  may  expel  the  air  from  the  flask. 
As  soon  as  the  liquid  exhibits  an  alkaline  reaction,  it  must  be  rapidly  filtered,  slightly 
diluted  with  water,  and  left  to  ood  with  the  vessel  covered ;  then  precipitated  witA 
neutnl  acetate  of  lead,  again  quickly  filtered,  and  the  precipitate  of  oleate  of  lead 
washed  in  a  cool  place.  After  diying  in  a  vacuum,  it  forms  a  light  white  powder,  which 
melts  at  80^  to  a  yellow  liquid.  It  dissdlves  very  slowlv  in  cold  ether,  but  quiddy  in 
boilinff  ether  if  well  stirred.  It  is  likewise  soluble  in  oil  of  turpentine  and  in  rock-oil, 
thersmution  saturated  while  hot  solidifying  in  a  gelatinous  mass  on  cooling. — ^When 
altered  by  contact  with  the  air,  it  becomes  gelatinous.     (Gottlieb.) 

A  basic  oleate  of  lead,  C*^*^b''0*J*pb''0,  is  obtained  by  boiling  oleic  acid  with 
excess  of  basic  acetate  of  lead.    It  is  soft  at  20^  and  liquid  at  100^.    (Ch  evrenL) 

Oleate  of  Magneeium,  C'*H*"MgO<  or  C**H*«Mmg''0\  is  granular,  soft  and 
diaphanous.    (ChevreuL) 

Oleatea  of  Mercury.  The  mercuric  salt  is  precipitated  in  white  flocks,  which 
become  greasy  when  washed,  and  dry  up  to  a  solid  mass ;  it  dissolves  sparing^  in 
cold  alcohol,  more  easily  in  hot  alcohol  and  in  ether  (Harff,  N.  Br.  Arch.  ▼.  806). — 
The  mercuroue  salt,  C'H^Hhg'O*,  forms  greyish-white  flocks,  becoming  bluish  when 
dry.  Insoluble  in  water  and  in  cold  alcohol,  soluble  in  hot  alcohol,  and  in  ether 
whether  hot  or  cold.  Forms  with  ammonia  a  black  powder  containing  ammonia. 
(Harff) 

Oleate  of  Nickel  is  a  greenish-yellow  precipitate  which  settles  down  slowly. 
(Chevreul.) 

Oleatea  of  Potassium.  The  neutral  salt,  C'^H^KO',  obtained  by  heating  equal 
parts  of  potash  and  oleic  acid  with  a  small  quantity  of  water,  forms  a  gelatinous  mass 
which  may  be  purified  by  dissolving  it  in  alcohol.  The  solution  eva^rated  to  dryness 
leaves  a  white  finable  odourless  s^t^  which  deliquesces  in  moist  air,  dissolves  com- 
pletely in  4  pts.  of  water,  forming  a  viscid  liquid ;  a  larger  quantity  of  water  decom- 
poses it-,  separating  a  gelatinous  mass  of  the  acid  salt.  It  is  decomposed  by  adds, 
even  by  carbonic  acid,  when  a  stream  of  the  latter  is  passed  through  the  aqueous 
solution  cooled  to  5°.  Acid  oleate  of  potassium  is  insoluble  in  water,  but  solublA  in 
alcohol  even  in  the  cold ;  the  solution  has  an  acid  reaction. 

Oleate  of  Silver,  Produced  by  double  decomposition,  but  reduces  almost  as 
soon  as  formed. 

Oleateof  Sodium,  C"H"KaO',  is  obtained  like  the  neutral  potassium-salt.  Ac- 
cording to  Varrentrapp,  it  crystallises  when  its  solution  in  boiling  absolute  alcohol  is  left 
at  rest  It  dissolves  in  10  or  12  parts  of  water,  but  is  not  deliquescent.  By  contact 
with  the  air  it  becomes  gelatinous. 

Oleate  of  Zinc.    White  powder  melting  below  100<>.    (ChevreuL) 

Chlorine-  and  Bromine-derivatives  of  Oleic  acid, 

1.  Dichloroleic  acid,  C'*H*^1*0*.— Obtained  by  the  action  of  chlorine  on  oleic 
acid  in  presence  of  water.  Brown  oil  of  specific  gravity  1'082  at  8^,  more  yiscid  than 
oleic  acid.     Reddens  litmus.     Boils  at  190°.    (Lefort,  J.  Pharm.  [3]  xxiv.  113.) 

2.  Dibromoleic  acid,  C'*H"Br*0*. — Obtained  in  like  manner.  Brown  oil  of 
specific  gravity  1-272  at  7-6°     Reddens  litmus.     Boils  at  200°.    (Lefort.) 

3.  Tribromo-dioleicacid,C?^lAUBi^O\  Produced  by  adding  bromine  drop  bv  drop 
to  pure  ciystallised  oleic  acid.  Viscid  liquid  havine  an  agreeable  odour,  soluble  in 
alcohol  and  ether,  decom^K)eible  at  170°.  It  is  monobasic  and  forms  unciystallisaHe 
salts.  The  barium-salt  is  a  pitchy  mass  soluble  in  ether,  insoluble  in  alcohoL  The 
acid  treated  with  moist  silver-oxide  yields  oxy-oleicacid,  in  the  form  of  a  viscid 
liquid  having  a  rancid  odour  and  solidifying  after  some  time.  It  is  monobasic^  and 
forms  a  gummy,  deliquesoent  barium-salL    (Surg,  J.  pr.  Ghem.  xdii  227.) 
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Acidt  related  to  OlHc  acid. 

HTiiBOi.nc  luid  MiTOLBc  Actosl — WhteJi  Bulpholeic  add  (produced  bj  the 
setioii  of  ititphiiric  acid  upon  oli»tn  at  low  temperatures)  in  left  to  itself  in  th<»  cold,  it 
yidda  an  oily  add  e&lled  by  Fr^my,  meta^Uic  acid.  It  h  insolubla  in  water,  very 
9p«ringly  tioluble  in  alcohol,  TPiy  soluble  in  other.  It  gave  by  imiilysis  757  ptT  cent* 
earbon,  aad  1 1  *9  hydrogeii. 

H^rokic  acid  i»  obtained,  afieordijis  ia  Frimy,  by  boiling  the  eulpholeic  add 
after  all  the  tneta-oleic  acid  haa  been  deponted  It  ia  oily,  insoluble  in  water,  very 
«-ihihl«?  in  alcohol  and  ether,  and  containa,  according  to  Fremy^  72  9 — 733  per  cent, 
cartion,  and  ITS — 119  hydrogen.  Both  these  adds  are  dacompoaed  b^  dry  distillation, 
vtL'ldirig  carlxioie  anhydride  and  oily  hydrocarbons  homologoas  with  ethylene,  vii. 
Ill  xylene  and  nonylpne,— (Fr^my,  Ann.  Ch.  Phys.  Ixv,  128).  The  compositioii,  uid 
indc^  the  existence  of  theae  acid^,  is  rery  doabtfuL 

3,  EuLiDic  Acm,  the  solid  latty  acid  isomeric  with  oleic  acid,  produced  by  Uia 
action  of  nitrotiB  add  on  the  latter,  and  Linolsjc  Aom,  tile  fatty  add  of  drying  oits^ 
havo  been  already  described  (ii.  368 ;  iii  700). 

O^mio  STSSms.  OLaAraor  Ethtl  or  0!mc  Ether,  C«H^K)«  =  C'*H^C«H*)0». 
— (Laurent,  Ann.  Ch.  Fhya.  xxrr*  298.  Varrentrapp,  Ann.  Ch*  Phann.  zzxy. 
206.)— This  ether  is  obtaiuwi  by  passing  dry  hydrochloric  acid  gas  into  a  solution  of 
oleic  acid  in  about  three  times  iti  Tolumo  of  alcohol  Etherification  t^akea  place  in  a 
few  immitee,  and  the  ether  separates  from  the  liqaid.  It  may  also  be  prepared  by 
treating  oleic  add  with  a  rainttire  of  alcohol  and  sulphuric  acid. 

01«ie  ether  ia  a  eolourteaa  liquid  of  spedflc  grairity  0*87  at  18° ;  soluble  in  alcohol 
and  decompoaible  by  dlatlllltfon.  Mercuric  nitrate  transfbrma  it  in  24  hours  into 
eMdie  ether  (ii.  380). 

Oleati  of  Methti.,  C'*H*^*  -  C'«H^CIP)0*,  obtained  ia  like  manner,  is  aft 
oily  liquid  of  specific  grarity  0'879  at  18°  i  it  is  conrcrted  by  mercuric  nitrate  into 
eliudate  of  methyl 

OiJiaTBs  OF  Qlyckrtl.  Olxivs. — Three  of  these  compounds  have  been  obtained  by 
heating  oleic  add  with  glycerin  in  aealed  tubes,  Tia. : 


Moooldo 

Dioleio 

Triolein 


C"H*0*      = 


O* 


(C«H*)^ 
(C*HT  }^, 


(C*»H"0)»j 
from  the  union  of  the  add  and  glycerin,  with 


They  reinilt,  like  other  glycerides, 
elimination  of  the  elements  of  water. 

M<fnol«in,  C«'H*0*  -  C'»H"*0»  ^  C^H«0'  ^  11*0,  ia  an  oOy  Hqmd  whi<:h  noli- 
difies  at  about  \fP.  Snecific  ^Tity  4-947.  (Analysis  71  4  per  cent.  C  and  11-55  H; 
rale,  70*8  C  and  113  H).^ — It  is  very  slowly  saponifitxi  by  oxide  of  lead.  Alcohol  and 
acetic  acid  do  not  derorapo*e  it  at  100*^,  a  i>i«i>erty  which  it  shares  with  natural  olein. 
In  the  barometric  Tacuiim  it  volatilises  wirhoiit  decomposition. 

It  may  be  produced  by  heating  glycerin  and  pure  olt*ic  acid  to  200^  in  a  seoltMl  tub© 
for  18  hours,  or  a  mixture  of  oleatc  of  ethyl,  glycwrin,  and  hydroddoric  add  to  ItM)®. 

Diohin,  C**!!*^*  =  2C*»H'*0^  +  C"I1"0*  -  2H'0,  is  obtained  by  heating 
natural  olein  (triolein)  with  glycerin  to  100*^  for  22  hours.— Its  specific  gravity  Is  8*921 
at  21  ^  It  begins  to  crystallisp  at  about  16<*-  It  gave  by  analysis  73  d  per  cent  C 
and  11*95  H  (calc  76  2  C  and  Vl'\  H,  frum  the  formula  C*H**0-)» 

Trial  fin,  C^'W^G*  -  3r«"H»*0'  -f  C'HH)*  -  3  H^,  is  obtained  by  heating  fo 
200°  a  mixture  of  equal  wciglits  of  oleic  ftcid  and  glycerin,  decanting  the  layer  of  fitty 
matter  af^er  the  reaction  is  ttninhed,  mijciiig  it  with  lo  to  20  time*  its  weight  of  oleic 
acid,  and  heating  again  to  24 O**  for  four  hour»,  Thp  neutral  matter  is  ejitracted  with 
lime  andetJier,  the  aolution  is  treated  with  animal  clmrcoA^  then  concentrated  and  mixed 
with  8  Of  10  timea  ita  Tolume  of  common  alcohol,  tmd  the  triolein  thereby  predpitated 
is  collected  on  a  filter  and  dried  in  vaeno- 

Trioldn  is  lic^uid  at  100°.     In  contact  with  the  air,  it  gmdnally  tim»  add.     It  is 

•  Thefbnntil*  nriirfnAltr  BMipriM  v^y  B«rt helot  to  ivn^ofthe  slyrurWrt  conliinii^f  ast,«fth« 

^,1^  t;  vtjoi]  u  not  confiitent  with  ih«i 

(,r  ihf  niorco¥cr  It  1»  v*ry  ♦lifflcult  in 

tM»»T<  '        J  ^;  ,  ,  I  ,  fliioti  of  tb«ediaciil  flfCBtlde» 
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Hlowly  saponified  by  oxide  of  lead.     Analysis  77'6— 77'2  per  cent  C  and  12'2— 11  5 
H;  cak.  77  4  C  and  ll'S  H. 

The  o  1  e  i  n  of  iinimal  fats  and  non -drying  oila  (dnring  oHe  i^ontain  a  diflfiarent  glyc^ridc) 
appears  to  be  identical  with  trialein.  Its  corapiHition  has  not,  however,  been  exactly 
d«ft<^rmiiied»  for  Ih^rv  is  groat  difficulty  iti  obtaining  it  pure. 

Chevreul  prepared  it  by  boiling  human  ftvf.,  bog's-laid,  goo0e-&t,  or  beef  or  intttfr»ii 
Buet  in  a  fliuMk,  tiltf*ring  the  Holtition  after  leaving  it  to  stand  for  24  honra,  conc<*ntrat- 
ing  a  little  by  evaporation,  udding  wat^r  which  separatet  the  olein,  ih^n  eitposing  thi« 
product  to  cold,  mid  »e}>aratirjg  the  liquid  from  the  solid  portion  by  preesare.  In  this 
inanner  olein  is  obtained  which  does  not  polidify  at  0'^  C. 

Olein  may  alao  bp  proparwi  from  olive  oil  and  other  glyceridea  containing  it,  by 
pouring  upon  the  fat  a  cold  strong  solution  of  caustic  soda,  which  Maponi%««  tbt» 
ateurin  ana  the  other  solid  fata,  Int  nut  the  olein.  The  mixture  is  agitated  and  gentl/ 
heated  to  separate  the  olein  from  the  stearin  ioap;  the  liquid  is  filtered  through  eloth, 
and  the  olein  separat^'d  li>  ilecuntation  from  the  alkaline-ley.  This  procesa  ffucceeds 
with  all  oils,  excupting  tho^  which  have  become  rancid,  or  have  been  altered  by  beat. 
(Piclet,  Amu  Ch.  Phya.  xxiL  330.) 

A  less  pure  product  ia  obtained  by  treating  oil  of  olive  or  aweet  almonda  with  cold 
alcohol,  and  e^iiporaLing  the  solution. 

The  properties  of  olein  differ  somewhat  according  to  the  nature  of  the  fat  from 
which  it  IM  extracted,  and  the  mode  of  prepanition,  but  when  properly  prepared,  it 
is  colourl*'sji,  void  of  taste  and  smell,  insolnblt'  in  wuter,  very  soluble  in  absolute  alcohol 
and  in  ether,  and  of  a  density  between  0  90  and  0-92,  It  bums  with  a  very  bright 
flame.     When  aaponifled  with  poiatk,  it  yields  glycerin  and  oleate  of  potaaaiuoi. 

By  drj^  distiUaium  it  yields  gaaeoos  products,  liquid  hydrocarbona,  sebacic  acid,  and 
acrolein.  Thin  reaction  a£Fbrd»  the  meana  of  detecting  olein  in  £&ts;  for,  if  the 
product  of  the  distillation  be  treated  with  boiling  water,  a  solution  is  obtained  whieh 
on  cooling  yields  small  needles  of  sebacic  acid.  Olein  oxidises  in  the  air,  yielding 
the  same  produdB  as  oleic  acid.  Under  the  influence  of  strong  tuipkuric  tteid^  it  is 
resolved  into  sulpholeic  and  snlphogJ^ceric  acids.  Citrous  a<^  converts  it 
into  the  isomeric  solid  compound  ela'idiu  (li.  ZBQ) ;  this  property  diattnguisbee  olein 
from  the  liquid  fat  of  non -drying  oils. 

Chiorine  and  bromine  act  apon  olein,  producing  subetitutioD-prodttcta. 

Olkatk  of  Makwittx.     Mannite  olHque,  C«H"0^  =  (C»"H^O)«  5^0*.    (Bertbe- 

w     y 

lot,  Ann.  Ch.  Fhys.  [3]  xlvii  326). — Obtained  by  heating  oleic  acid  with  mannite  to 
120'^  in  a  sealed  tube,  saturating  the  auperficial  fatty  layer  with  lime,  exhaoatiDg  with 
ether  (which  also  takes  up  calcic  oleate,  but  deposits  it  on  boiling  in  vacuo)  and  evapo- 
rating. It  is  a  nearly  colQurless,  neutral,  waxy  mass  which  becomes  soft  and  Venaciotia 
at  a  gentle  heat  and  then  melts  to  a  yellowiah  liquid.  By  heating  with  potaah  it  is 
resolved  into  oleic  acid  and  mannitan. 

".    See  OtEic  Ethxss. 


Oleic  add  diiftilled  wi^  lime  yields  an  oily  liquid  regarded  laj  Bm^ 
(p.  193)  as  the  acetone  of  oleic  acid;  it  has  not,  howeTer^  been  obtained  par#,  Vohl 
(Dingi  poL  J.  cxlvii.  304)  applies  the  name  oleone  to  an  illuminating  material 
of  similar  nature  obtained  by  precipit4iting  the  waste-liquor  of  soap-works  witli 
chloride  of  calcium,  and  distilting  the  reaulting  cale  ium-salts  of  fsUy  acids  witJi 
quicklime. 

0&3BOFH089HORXC  ACX9,  A  ^hosphoretted  fiitt^  ucid  contained  tn  the 
brain.  — W lien  the  t^thereal  eitract  of  brain,  nrepared  as  described  tinder  Cnxaaajm 
(i.  830),  U  treated  with  ether  to  separate  cereorin,  the  ether  takes  up  oleophoaphorie 
•cid,  oflen  cdmbtned  with  soda,  and  mixed  with  olein  and  diolssterin.  The  ethereal 
aolution  ia  evaporated ;  the  soda  is  extracted  by  an  acid ;  the  residue  is  dissolved 
in  boiiinff  al(*ohol ;  and  the  solution  is  left  to  cool,  the  oleopbosphoric  acid  being  then 
deposited.  The  olein  and  cholesteriu  still  mixed  with  it  may  be  removed,  though 
not  completely,  by  absolute  alcohol  Oleopbosphoric  acid  thus  obtained  is  gummv, 
grmerally  yellow,  and  contains  from  19  to  20  per  cent,  phosphorus.  When  burnt  in 
contact  with  the  air,  it  leaver  a  carbouaceous  mass  containing  phofiphoric  acid.  Blj 
long  boiling  with  water  or  alcohol,  more  quickly  with  acidulated  water*  it  gmduial^ 
loses  itti  viscoaity,  and  is  converted  into  perfectly  pure  olein,  while  the  lower  stratum 
of  hquid  is  rendered  strongly  acid  by  the  phos|)horic  acid  produced.  The  same  de* 
compoeition  takes  place  very  ilowly  at  ordinarj'  temperstuit^ ;  also  at  the  commencement 
of  putrtjfaction  of  the  bfpiin.  Fuming  nitric  acid  decompoees  oleopbosphoric  acid  into 
phosphoric  acid  and  a  fatty  add.     Alkalis  in  excess  form  a  phosp^ate^  an  oleate^  mnd 
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glvceruL  Thft  acid  is  itiflolubtc  Id  water*  but  sweUs  up  slightly  m  boiling  water. 
w  tth  ammonia^  potAsh,  and  «o(K  it  immediately  furma  soapy  compoundt ;  with  tha 
f>th<*r  bweti  imKUuble  Mlts.  It  is  ioAoluble  in  culd  absolute  oloohol,  easily  solable  in 
lK»iItiig  aloahol  and  in  ether  (Fr^my,  Aon.  Cb.  Phys.  [3]  ii.  474^.  The  tnu^clofl  of 
reitebnto  aaimala,  sh&ken  np  with  cold  weak  alcohol,  yield  to  inal  liquid  a  visridj 
itmbercriB-oolonnM}  aabstant^,  which  diflHolres  but  imp^^rfeotly  in  w&tcr,  and  whnn 
treated  with  sulphuric  acid,  is  reflolved  into  sulphate  of  sodiuiu  and  oleophospliorie 
iwid.  Oleophodphiite  of  sodiura  occuni  in  almost  all  parts  of  the  animal  bodv*  its 
qiiuutity  increaamg  with  the  age  of  the  animjU^  and  diflering  in  amount  in  di£ter«*nt 
sp«viea  of  Tertehrftte  aolnuUs.  Fishes  with  white  light  ftesh  (such  as  the  whiting, 
sole,  and  pbuoe)  ooutain  hot  small  quantities  of  ib»  whereas  larger  qoiftntities  ate  foimd 
in  the  herrings  salmon,  maekend,  salmon  trout ^  and  other  fishes  with  firm  fi<^«h. 
(V^dlenciennes  and  FrAmy.  Ann,  Cfi.  l*hy».  [3]  1.  172.) 

The  yolk  of  the  eggs  of  cartiliH^tiious  fi^lir^K  t-oiitains  a  fat  which  is  soluble  in  alcohol 
and  ether,  forms  a  gum  with  water,  and  rcsc mbt<^  oliM>phosphoric  acid.  Fhosphoretled 
fats  Are  also  found  both  in  the  slightly  developed  and  in  the  ripe  sggs  of  cartiLiginous 
fishes.    (Valencieunes  iind  Fr^my.) 

OXtMVM  AJriAKAJiE  DZPF&X.XZ.  See  B^vB-ots.  (L  625]  and  Bippbl's  Oil 
(ii.  33(J). 

O&StmC  JBCOmXS    MMmXOA.    Cfpd-lit^ml     ffmUdsfoigigmorue,    Lehtr- 

thrart  SiockJUch-thrun. — This  oil  is  obtainHi  Irom  the  Uven  of  Tarions  speds0  of 
GadtiK,  The  oil  recognised  by  the  LunJuu  phannacoposia  is  that  obtained  Irom 
thf  common  cod  {Gadut  Morrhua^  formerly  called  Aseltua  mafor),  and  the  ling  {G, 
MoitMi  or  iMa  Motm) :  it  is  pcceivcd  from  Newfoundland.  England  was  formerly 
supplied  with  the  oil  from  B*^rgen,  obtained  from  the  livers,  of  the  dorse  ( Gad  us  ceiiartua) 
and  (xml-fish  (G.  carhoiiarius).  From  this  ewjurce  Oerraiiny  and  the  North  of  Europe 
still  receive  their  supply.  Cod-lirer  oil  jf  prepared  on  a  small  »cal«  in  the  Shetlsiid 
ii»l(>s  and  on  the  English  coaiit,  chiefly  from  the  common  cod,  the  ling  and  the  burbot 
{h'ta  viiJ^aH4),     {Pernra'BMaieria  Aedica,  4th  ed.  lS57t  il  [2]  779.) 

When  the  livera  of  the  fishes  are  exposed  to  the  sun,  light'Colonrea  oil  flows  out  at 
fir>:L,  but  after  a  week  or  a  foirtnight^  putreflictiDn  sets  in  and  brown  oil  b  obtained, 
(Marder.) 

a,  Brottm  Cod-Uwr  oiL  Dark  brown,  greenish  by  transmitted  light,  transparent  in 
thin  layen.  Specific  grarity  0-929  at  1 7  "S^  (D  e  J  o  n  g  h  >,  0  -928  at  1 5*5*>  ( M  a  r  d  e  r) ; 
has  a  peculiar  odouTj  maagreeably  empyreumatic  and  bitter,  produces  irritation  in  the 
throati  and  reddena  Utmns  aligbtly  (De  Jonsh).  Does  not  deposit  any  solid  fat  at 
- 13^  (Harder]^  Soluble  in  17  to  20  pis.  cold  or  hot  absolntn  alcohol  (De  Jongh). 
Dt6i«olves  at  71^  in  1  pt.  alcohol  uf  0^846,  forming  a  solution  which  becomes  turbid  at 
62'>  and  deposits  the  oil  at  48°.     (Ma r d p r, ) 

b.  Faier  nrown.  Uf  the  colour  of  Miikiga  wine.  Specific  gravity  0-924 ;  has  a 
{loctiliar,  not  unpleajsant  odi»ur,  fishy  taste,  producing  irritation  in  the  throat,  and 
rtnldens  litmus  strongly.  Stjluble  in  31  to  3fi  pte.  ofcold  and  13  pts.  of  boiling 
absolute  alcoboL    (De  Jongh.) 

e.  Paltr  und  clearer.  Of  golden  yellow  eolonr:  specific  gravity  0  923  at  HS" 
(De  Jottghl  0*928  at  15'5  fMarder),  reacts  and  tastes  likw  A,  but  less  strongly 
Dt  tKMiite  a  white  fat  at  —  13*^  (Harder).  Soluble  in  40  pts,  coM  and  in  22  to  30  pts, 
boiling  absolute  alcohol  (De  Jongh).  Oil  of  haddock^s  liver  has  a  specific  gravity 
of  0-9313  at  IP.    (Scharling.) 

Cod-liver  oil  consists  chiefly  of  olein  and  margarin,  with  smaller  quantitif^  of  free 
butyric  acid,  acetic  acid,  constituents  of  the  bile^  gaduin,  and  other  peculiar  Bubetsncee, 
about  I  per  cenL  of  salts,  and  a  small  quantity  of  free  phosphorus  (De  Jongh),  It 
coti tains  iodine,  bromine,  and  etolphur.  As  Tolatile  acids,  Wagner  found  butyric  and 
capric  acids;  from  turbid  cod-liver  oil  Luck's  gadinic  acid  (ii.  75G)  was  deposited. 
See  umd)'!»es  of  cod-liv«*r  oil  by  Harder  (N.  Br.  Arch,  xiii.  153);  De  Jongh 
(Ann.  Pharm.  xlriii.  362);  Riegel  (N.  Br.  Arch.  bcx.  28);  for  Winckler's  Tiewi 
rti<p<etiDg  the  oil,  see  J.  pn  Pharm.  ixv,  140* 

When  a  mixture  of  cou -liver  oil  and  sti^ng  sulphoric  acid  is  heated  with  an  aUuli^ 
a  puugent  odour  is  evolvinJ,  like  that  of  oil  of  rue;  and  on  distilling  the  mixture  with 
watert  a  small  quantity  of  yellowish  oil  is  collected,  hanng  tlie  same  odoui,  lighter 
than  water^  and  boiling  at  U>u\ 

Cod-lirer  oil  trented  with  alcoholic  ammonia^  forms  a  large  quantity  of  luuide) 
melting  at  80^  (Carlet).  Kowney  obtained  a  small  qujintity  of  tunide  melting  at 
93^,  becoming  solid  and  trauspKareut  at  94^,  ooDtaining  on  the  average  7o  69  per  cent, 
cairbou,  1299  hydrogen  and  4  3j  mtrugrn,  and  easily  soluble  in  aJcohoL 

Cod-liver  oil  is  much  used  in  itttMlicine.  It  has  long  b(*en  a  popular  remedy  for 
rheum  at  ii»iii  and  uome  other  com  plat  n(Sp  but  its  use  by  medical  practitioners  is  of  com- 
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paratively  recent  date.  It  is  chiefly  prescribed  in  cases  of  rheamatism,  scrofala^ 
chronic  goat,  skin  affections,  phthisis  and  mesenteric  emaciation.  Its  efficacy  may 
perhaps  be  due  to  the  bromine  and  iodine  contained  in  it,  though  it  has  oftaD  been 
doubt«d  whether  it  possesses  any  virtues  beyond  those  of  the  fiit  oils  in  generaL 

For  further  details  respecting  the  composition,  properties  and  uses  of  cod-lirer  oil, 
see  De  Jon gh  (Vhmle  aefoie  de  morue  envisa^ie  sous  tons  Us  rapports  eomrne  moytn 
thirapetUiquSy  Paris,  1853) ;  respecting  composition  and  ptroperties,  see  also  Gmeun*§ 
Handbook  (xvi  323). 

OUBJkMUBC  or  Incense,  A  giim-resin  which  exudes  from  a  troe^  probably  a 
species  of  Balsamodendron  (order  Terebintkace€B\  growing  in  Arabia  and  India.  It 
has  been  burnt  from  all  antiquity  in  religious  cerenoonies.  It  oocus  in  oblong  or 
rounded  laminae,  opaque,  of  yellow  or  red£sh  colour,  dull  and  waxy  on  the  fractured 
surface.  It  softens  between  the  teeth,  producinff  an  aromatic  slightly  rough  taste.  It 
IS  but  partially  soluble  in  water  and  alcohol,  melts  with  diiBculty  ana  impnfectly  when 
heated,  and  bums  with  a  bright  white  flame  ob  the  i^roach  of  a  ti^r.  Accoiding  to 
Bracoanot  (Ann.  Ch.  Phys.  [2]  Iviii.  60)  it  contains  66  per  cent  vrain  soluble  in 
alcohol,  30*8  gum  soluble  in  water ;  5*2  residue  insoluble  in  water  and  in  alcohol,  and 
8'0  essential  oil  and  loss.  Hekmejer  (Jahresb.  1868,  p.  482)  found  in  olibannm  a 
gum  which  appeared  to  be  identical  with  gum-arabic  According  to  Johnston  (Joe. 
cit.)  commercial  olibannm  consists  chiefly  of  an  acid  resin  containing,  on  the  average, 
7*4  per  cent,  carbon  and  9*98  hydrogen,  agreeing  nearly  with  the  formula  C^H'*0'. 

Sten house  (Ann.  Ch.  Pharm.  xxxv.  306),  by  distilling  olibannm  with  water, 
obtained  4  per  cent  of  colourless  volatile  oil,  of  speciflc  ^vity  0*866  at  20^,  having 
an  odour  like  that  of  oil  of  turpentine,  but  more  agreeable ;  insoluble  in  aqueons  alcohol, 
but  soluble  in  all  proportions  in  ether  and  absolute  alcohol,  and  containing  88*83  per 
cent.  C,  11-27  H,  and  490  0. 

O&DIO  AOIB.  This  name  was  given  by  Varrentrapp  (Ann.  Ch.  Pharm. 
zxxv.  210)  to  an  acid  obtained  by  the  action  of  melting  potash  on  oleic  acid;  acoozxiing 
to  Heintz,  this  acid  is  palmitic  acid  (p.  193). 

0&Z0Z8TI0  ntOV.    Syn.  with  Red  Kbmatitb  (iil  337,  393). 

0&Z0OC&A8B.    Soda-spodumene^  Natron-spodumen.    A  mineral  of  the  felspar 

rup  (iL  618)  occurring  in  granite,  porphyry,  syenite,  serpentine,  basalt  and  trachyte, 
forms  tricUnic  prisms   in  which    oo'^   :    ooP '  —    about  120°;  oP  :  oofoo     « 
93^'  16';  oP  :  ooF  -»   116^  37'.    Cleavage  very  distinct,  parallel  to  oP  and   oo^oo 
Twins  common. 

Hardness  «  6.  Specific  gravity  —  2*68  —  2  69.  Lustre  vitreous,  vifcreo-pe«riy 
or  greasy.  Colour,  yellowish,  greyish,  reddish,  greenish- white,  or  white.  Tnuisparent 
to  subtranslucent.  Fracture  concho'idal  to  uneven.  Before  the  blowpipe  it  melts 
quickly  and  more  easily  than  orthodase,  to  a  glass  either  dear  or  enamel-uke.  It  is 
not  acted  upon  by  acids. 

Analyses : — a.  From  Unionville,  Pennsylvania  ( Unionite),  where  it  occurs  in  granite 
with  euphyllito  and  corundum :  specific  gravity  2*61  (Smith  and  Brush,  SilL  Am.  J. 
[2]  XV.  211).— A.  Reddish  fix)m  old  red  porphyry  (Delesse,  Ann.  Ch.  Phya.  [3] 
V.  14). — c.  From  the  emerald  mines  of  the  Ural,  in  mica-slate:  white;  spcHrmc 
mvitjr  2656  (Jewreinow,  Ramntelsberg's  Mineralchemie,  p.  613).—^  From  Tt*^ 
destrand  in  Norway  {Sun  stone):  in  gneiss;  spedfio  gravity  2*666  (Scheerer,Pogg. 
Ann.  Iv.  109. — e.  From  the  diabase  of  Chalanges,  near  Allemont  in  Danphiny:  milk« 
white  (Lory,  Bull  g^log.  [2]  vii.  642).—/  From  Piz  Rosag  in  the  Orisons;  with 
hornblende  in  dionte.  Massive ;  specific  gravity  2-836  (v.  Rath,  Zeitschr.  d.  geolo^ 
Gesellsch.  ix.  226,  269).-^.  From  the  lava  of  Lake  loach :  spedfio  gravity  266. 
(Fouqu^,  Compt.rend.xix-46).— A.  From  the  trachyte  of  Teneriffe  :  spedflc  gravity 
2-68— 2*69  (Devi He,  loo.  cit.) — t.  From  cavities  in  the  Uva  near  HafneQord  in 
Icdand  (HafneXfordite,  lime-oHgodase)'.  specific  gravity  2*729  (Forchhammer,  J. 
pr.  Chem.  xxx.  489). 
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Most  of  these  analyses,  and  numerous  others  that  have  been  made  of  olifroclaae  from 
various  localities,  may  be  represented  by  the  general  formula  2MK).2All»0».9SiO»,  in 
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»hich  th«  ozyg<m-tnUo  <d  the  protoxldot,  tlmniDft  imd  silica  is  as  1  :  8  :  0  (flee  ia.  018), 
The  mtio  b«t«eeo  the  liine  iJkd  nlkalis  is  somewlmt  vimnblt*,  tmt  the  »0(1a  is  Tor  the 
mc»t  part.  pradominiuiL  Ao  isomoipbcMis  miliiire  cotitaining  2(|Na.^€it)'0«2Ail*0', 
SKSiO^  would  eoataia  63*01  per  osnt.  silica,  %^'&5  alamiiiii;  424  fimo,  and  840  acxla. 
In  oltgodase  from  the  Ursl  {e\  asd  sotne  othen,  the  proportion  of  alaminfl  app<?firB  to 
W  eonndnttbly  greater ;  this  may  arise  from  Iom  of  aikjilis  bj  weathering  (or  it  may 
be  iba9  to  ioocsTSci  detertDiJiAtiot]  of  the  alkaJlH),  The  mineral  from  HafneQord  (t) 
IS  remarkable  for  the  Urge  proportion  of  hme  which  it  coulain«. 

OiLXCMlv-ftPiUt.  Breitbaopt's  name  for  spathic  iron  (ferrous  carbonate)  from 
Ehren  fri  o  Jtjrsdorf. 

O^m.  Oha  turopi»a,— The  development  of  fatty  matter  and  of  maimite  in  the 
fruit  of  this  tree  has  lien  recently  examined  by  De  Lues  (IV^Enpi.  rend.  Uil  380; 
It.  470,506;  Ini.  620;  Jahresk  1861,  p-  739;  1862,  p.  6U3 ;  1863.  p.  611).  Tb« 
fruit,  which  at  firvt  weighs  only  a  few  millt^grammea,  gueii  on  increasing  in  weight  till 
November,  its  weight  when  ripe  beiiifl  about  2  gntmmtMi ;  ibp  weight  of  the  ktrntd 
however  iucrvd«ea  only  frum  it^  fimt  development  till  Augu.%t,  ufWr  which  it  reniaius 
stationary.  The  density  of  the  entire  fruit,  which  in  its  early  stages  is  about  eqonl  to 
ihnt  of  wtktcr,  increnaea  to  jiboot  1'04  whun  the  fruit  ban  become  quite  green  ;  and  then 
dim iniahes  as  the  fruit  npens,  the  rtpe^  fhiits  having  the  smallest  aenMty  (1*007). 
The  prafiortion  of  water  in  oliTei  deerenses  from  60—70  per  ceot*  in  the  earlieet stage 
ol  the  fruit  to  26  per  c^nt.  in  the  ripe  iroit.  Olives  yield  to  sulphide  of  carlxm  a 
Tiiri«ty  of  tsubetances  including  colouring  matters,  and  especinUy  chlorophyll,  tlie 
qujiAtity  of  which  continually  diminiahf^s  aa  the  fruit  ripens.  The  fat,  whiijh  id  present 
only  is  smaU  amount  in  tb«  young  fiTUt,  increases  continually  as  the  fruit  grows,  and 
jitt«if}s  its  mHiimuDi  (69*8  per  cenU)  in  the  ripe  fruit  which  has  lost  all  triices  of  green 
volonriiig.  The  increased  aevelopmeot  of  fat  begins  at  the  time  when  the  wt^ight  of 
the  kernel  becomes  stationaiy.  The  formation  of  fat  is  acceleratt^l  by  the  action  of 
air  and  light. 

The  green  substance  of  tho  leaTM  and  fruit  of  tJie  olive  tree  is  always  accompanied 
by  mannitet  which  indeed  is  present  in  all  parts  of  the  tree.  The  leavers  contain  at 
first  but  a  small  quantity  of  mannite :  it  increases  aa  they  grow,  but  diminishes  at 
flowering  time^  and  di^app(>ai«  aJlttgi'ther  aa  the  leaves  turn  yellow  and  hU.  The 
flowers  also  eontiiin  a  ccto^tdcrdble  quantity  of  mannite;  but  ttiose  which  fall  off  siter 
impregnation  contain  not  a  trace  of  it,  Olives  when  scarcely  formed  am  rich  in  man- 
nite ;  the  proportion  of  this  snbstonoe  diminishes  howev^  as  the  fruit  grow»  ;  and  in 
ripe  olives,  no  longer  green,   bat  containing  Ihe  mazimuni  of  fitt,  it  is  altogether 
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Olives,  especially  in  the  green  rt«te,  contain,  together  with  mannite,  a  pecuHar  bitter 
substaaoe^  easily  soluble  in  w^ter,  lo«s  so  in  aloohoL 

0&ZVS  OlXt  This  fnt  oil  is  extracted  from  the  ftesfay  portion  or  pericarp  of  the 
fruit  of  thp  oliv*\  Sevt nil  qualities  of  it  are  found  in  commerce,  Tlie  l>est,  call^  virgin 
(/$/,  wltich  has  an  agreeable  odour  and  is  used  for  cuhnary  purposes,  is  obtjiincd  from 
ftf^h  olives  by  pressure.  The  oil  of  second  quality,  which  is  more  apt  to  turn  randd 
than  the  preming,  in  consequence  of  the  mucilAginous  particles  with  which  it  is  mijctd, 
is  prrpared  from  the  pulp  of  olivoe  from  which  the  vii^n  oil  has  be  en  expressed,  by  ma- 
eefftling  it  in  boiling  water,  and  pressing  it  ngnin.  This  oil,  called  ftrdhmry  oil  {huiU 
ifmmantr\  is  chiefly  used  for  oiling  goods  which  are  to  be  dyed  with  Turkfy  red  A 
third  and  still  infenor  qtmlity  of  oil,  unfit  for  culinary  purposes,  is  obtained  either  by 
pressing  the  olives  a  second  time  with  water,  or  by  the  use  of  inferior  oUves.  Lastly, 
a  very  crude  oil  called  infernal  oil  {Jiuihi  d't-n/ir)  is  obtained  from  the  water  which 
has  been  u^ed  in  pressing  the  olives,  and  still  cont^iiuB  aome  of  the  oil  in  suspension, 
by  leaving  it  to  repOf^e  in  dstems  called  «n/crs.  The  inferior  kinds  of  olive  oil  ore 
Qik^  chiefly  for  burning,  in  the  murafrusture  of  cloth,  and  in  aosp-makini^ 

Pure  olive  oil  has  a  pale  yellow  colour,  an  agreeable  taste,  and  a  very  faint  odour. 
Acconling  to  Saussure,  its  apeciflc  gravity  is  0-9192  at  12°,  09109  at  25^,  0-8302  at 
60^,  and  08624  at  94°,  that  of  water  at  1/i**  being  equal  to  unity  ;  according  to  Pohl, 
it  is  0  9163d  At  IT'ft*^  comf>ared  with  water  at  the  same  tempemture.  It  boils  at  Sld'^ 
(SnuBsure).  The  ccjld-preparvd  oil  contains  77'30  per  cent,  carbon,  11*45  hydrogen, 
Kod  tr29  oxygen.     (Lefort.) 

Olive  oil  is  resolved  by  Baponificstion  into  glycerin  and  fiitty  adds,  which,  according 
to  the  older  statements  of  C  h  e vr  e u  1,  and  of  P el o u x e  and  B ou d e t,  consists  of  mar- 
garic  and  oleic  acids;  according  to  CoUelt  (J.  pr.  Chem.  Ixiv.  108^  of  palmitic  tmd 
oleic  acids  ;  according  to  Hei  n  t  s  and  Krug  {i&id,  txx  367)  of  oleic,  palmitic,  bulic, 
and  perhaps  also  •tearic  acid.  According  to  Bene  eke  (Studkn,  p^  108)  olive  oil  con- 
tains ch«ilc»terin. 
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Olire  oil  solidifies  at  temperatures  above  0^  C,  often  at  10^,  small  grannlct  mesn^ 
ratinfi;  out ;  by  cooling  and  pressure  it  may  be  resolved  into  apermanenUT  fluid,  and  • 
Bolidifiable  portion  ca&ed  oUve-oU  taUow,  or  by  Pel o use  and  bondet^  oUo^marptrin  ; 
it  melts  at  22^ — 28^.    The  permanently  fluid  portion  of  olive  oil  consists  of  triolein. 

Olive-oQ  treated  with  moist  chlorine  and  brwmne  yields  snbstitntioB  pcodnetsi  The 
chlorinated  oil  i§  colourless,  and  of  the  consistence  of  castor^  of  i^>ecxfie  craTity 
1-078  at  IQO,  and  contains  20*47— 2101  per  cent  chlorine.  The  brominaied  ^  im  ci 
the  same  consiBtence,  but  has  a  yellowish  tint:  speeiflc  gravity  1*276  at  9*6°;  fftntwna 
36-48->36*37  per  cent,  bromine.    (Lefort.) 

For  further  details  on  the  reactions  of  olive  oil,  see  Gmelin^a  Handhook,  toL  ztu. 
under  Dnolnn.  Respecting  the  method  of  detecting  adulterations  of  oHye  ofl^  Me 
Oils,  p.  181. 

OUrv^BMXTB.  PriMwHo  Arsenate  of  copper.  Pharmaoochalcite,  OUvenerg. — 
A  cupric  phoephato-arsenate,  occurring,  sometimes  in  long  rhombic  prisms  or  needles^ 
sometimes  in  spherical  or  ovoid  aggregations  resembling  malachite ;  sometimes  fibroas, 
forming  the  variety  called  toood-araenate  (Holekupfererz),  Hardness  «>  8.  Specific 
gravity  e  4*1 — 4*4;  of  the  wood-arsenate  3*913.  Lustie  adamantine  to  vitreous. 
Colour  olive-sreen,  or  sometimes  brown.  Streak  olive-green  to  brown.  Sabtran^wsnit 
or  opaque.     Fracture,  when  observable,  conchoidal  or  uneven.    Bridle. 

Toe  principal  localities  of  the  mineral  are  the  Redruth  and  other  mines  in  Cornwall ; 
it  is  also  found  on  Alston  Moor  in  Cumberland ;  at  Camsdorf  and  Saalfleld  in  Thur- 
in^a ;  in  the  Tyrol,  the  Bannat,  Siberia,  Chile,  and  other  places. 

The  following  analyses  are  of  specimens  firom  the  Cornish  mines  (BammeLsberg's 
jiiineralckemie,  p.  374) : 

CryttaUised,  FHkrom. 
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3*64 
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8-73 

350 

4*16 

872 

8*88 

100*00       100*00       10000         98*88       100*00 

The  analyses  lead  to  the  formula  4CuK).(A8 ;  P)K)*.H*0  or  Ccu*(Aa;P)K)». 
CcuH'0^  which,  if  the  number  of  atoms  of  arsenic  be  supposed  to  be  six  times  as  great 
as  that  of  the  phosphorus  stoms,  will  give  35*70  per  cent.  AsH)*,  3*69  PK>*,  67*40  CuK), 
and  3*21  H»0. 

Olivenite  is  homoeomorphous  with  libethenite  from  Hungary,  Ccu*P'0'.CeQ''H'O'. 

OlXWOZn.  Shepard*s  name  for  a  mineral  resonbling  olivin,  which  be  snp- 
poses  to  exist  in  certain  meteorites. 

O&rvn.  C"H'«0*.  (Pelletier,Ann.Ch.Phy8.[2]iiLl05;  IL  196.  Sobrero,  J. 
Phann.  [3J  iiL  286). — A  neutral  substance  occurring  together  with  reain  and  a  little 
benzoic  acid  in  the  gum  of  the  olive-tree.  To  obtain  i^  the  flnely  powdered  gum  ia 
digested  with  ether  to  remove  the  resin,  and  the  residue  is  boiled  with  aloo^L  The 
quickly-filtered  solution  solidifies  to  a  ciystalline  mass,  which  is  purified  by  waahing 
with  cold  alcohol  and  re-cry  staUising  from  a  boiling  alcoholic  solution.  (Pelletier, 
Sobrero.) 

OUvil  separates  from  absolute  alcohol  in  colourless  anhydrous  crystals,  which  are  in- 
odorous, and  have  a  bitter-sweet,  somewhat  aromatic  taste.  At  118^ — 120^  it  melta 
without  loss  of  weight  to  a  transparent  liquid,  which  solidifies,  on  cooling,  to  a  colour- 
less or  yellowish  transparent  resin,  which  cracks,  and,  when  powdered,  becomes  electric ; 
heated  to  70^,  it  again  becomes  fiuid,  but  crystallises  teom  alcohol  in  its  original 
state.  It  is  very  soluble  in  water,  especially  at  the  boiling  heat;  it  dissolves  in  all  pn>- 
portions  in  boiling  alcohol,  and  in  small  quantity  in  ether  and  in  oils. 

Anhydrous  olivil  contains,  according  to  the  mean  of  Sobrero*s  analyses,  61*01  per 
cent,  carbon,  and  7*08  hydrogen;  the  formula  C'*H>*0^  requires  61*09  carbon,  6*9  hy- 
drogen, and  32*01  oxygen.  Olivil  crystallises  from  water  in  colourless  transparent 
prisms,  containing  C'^H'HD^.HK)  or  6*33  per  cent  water,  half  of  which  they  give  off 
when  dried  in  a  vacuum  and  the  whole  when  melted. 

Decompositions. — Olivil  subjected  to  dry  distillation  melts  and  pufis  up,  giving  off 
water  (acetic  acid  according  to  Pelletier)  and  pyrolivilic  acid,  whilst  a  black  pas^ 
mass,  partially  soluble  in  alcohol,  remains  behind.  By  prolonged  heating,  other  vol- 
atile products,  differing  from  pyrolivilic  acid,  are  obtained,  till  at  last  charcoal  zmnaina 
(Sobrero).— 2.  It  bums  with  a  white  flame,  and  leaves  a  large  quantity  of  poKoaa  char- 
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eofil. — 8.  Chlorime,  passed  into  HqtuMrat  oUtiI,  throws  dnwn  brown  flakra  coiititiDine  elilo- 
.  niK",  which  are  ftlterwufd*  decomposed,  with  evoltition  of  carbonic  anhydride — 4.  Strong 
*  »Hijtk^me  acid  colours  olinl  bjQod-r«d«  tod  then  carboaisee  it;  miai  a  moderately 
dilute  aauAOUf  aolutiovi  of  olinl  it  prec^tatea  oliTirutin.— 5.  Dry  oliril  absofba 
hjfdriKUorie  acid  gm,  beooining  tnaammOk  mod  greon,  and,  on  hating,  in  converted 
into  olivimtin  (p.  202).— 6.  ^fong  nftrie  acid  atteeka  it  riolently,  with  abundant  tf^o- 
lut  ion  of  nitioe  w^roxid*.  With  nitric  acid  diluted  with  its  own  rolume  of  watw,  it  forma 
a  diM-p  red-jeUow  lolution.  whirh,  whon  heated,  bocomas  nearly  colourless,  pvolring 
■cftrcJy  any  red  fiimev,  but  much  hydrocyanic  acid,  and  containB,  after  the  reaction,  a 
larttp  quantity  of  oxalic  acid. — Very  weak  nitric  acid  colours  aqupoua  olJTil  reddiflh- 
jrftlTow.— 7.  A  !*  '    -        -   . — 1  ■  ^,-^,  potaah  assumes  a  yeUowish-green,  ftfterwaida  a 

brown  colour,  n  ure  to  the  air. — %,  Ckromie  arid  and  dichromata 

of  potaaaiiiin  pr^v.^.^^^^  ^j^...„,  .....J  in  brown  flake«.  whiL^Ii  poon  Iwvoroc  gr«en  and 
gmnnlated,  and  appear  to  oonsist  of  the  chromium -salt  of  an  acid  formed  by  the  oxi- 
dation of  oHtTL  Wo  giisis  i?volT<»d  in  the  reiiction, — 9.  Ptrojtitf^  ofhedU  d»vi>lori8Pd 
bj  boiling  with  aqueous  oHvil  without  PTolution  of  gas,  and,  alter  some  dar^'  boiling, 
is  eonv«rted  into  a  light  powder  c^jntaining  oxide  of  &ad  and  a  Nainooa  ozi^iiTion-pKK 
duct  ofoliriL — 10.  Aqueonn  olivil  eolonrs  fulpkate  of  et^pper^  on  boiling,  pale-green; 
it  iramediately  wdnces  (^ofd  and  $ihH-r*saits.     (Sobrero.) 

Lf'ad*safi  ojf  OiioiL  On  adding  ammonia  to  a  solution  of  nitrate  of  Wad  rontoining 
a  large  excess  of  oIitiIt  a  white  precipitate  is  formed  containing  34  "4  per  cent-  carbon, 
3- 4 — 37  hydrogen,  and  46*2 — 46'0  k^ud-oxide,  agreeing  nearly  with  the  formula 
C'*H'»0*.Ppb'*0. 

OliZVnr.  Ckrytolite,  BdUmitt,  F&rHeriU,  GlinkiU,  BjfohnderiU,  P^id(4t.— 
AaUioate  of  iron  and  magD««iam  SyMg;  Fe)*0.8iO'  or  (Mmg"*;  Fftj'^^iO*,  oocurriug 
aofnallm«a  in  transparent  aystala  (chryaolite),  but  more  usually  in  imbedded  maaaeaor 
graina,  in  lava  and  oasalt^  and  in  many  meteorites  (iii.  977 ).  The  cr^'stals  are  trimeti'ic, 
hHTing  the  ratio  of  the  axf«  a:  b:  e  «  0^46$  :  1  :  QliBSJ*  Angle  odP  r  oep  « 
4!>58  ;  »P2  :  <sd^  -  m*0° ;  Poe  :  pcc  (basal)  =  60^  48';  2P«  :  2^«  (basal)  «- 
99^7';  f*oo  :  I*«  (baaat)  -  103°  6".  They  are  usually  short  prisms  formid  by  the 
Terttcal  prismatic  faces  aboTp  mentioned  and  the  faces  ocP<ci  and  xPac  ;  flit;  endi«  are 
berelled  with  one  or  more  of  the  above- mentioned  domes,  or  terminated  by  the  basal 
face  oP,  the  latter  however  seldom  predominating.  CleaT»ge  tolr>rT*hly  easy  parallel  to 
<jcP«  (Kopp*8  Krystalhgraphir).  Hruxineas  «■  67.  Spectflr  gmrify  =  3*33 — 3'5. 
I.ustr*'  vitreous.  Colour  green,  commonly  oliTe-green,  sometttiu'S  brownish;  black  in 
»nme  highly  ferruginous  Tarieties;  randy  white.  Streak  uncoloured,  Transpatv^t. 
Fnicture  c^jnchoidal. 

Olirin  rich  in  iron  melt^  before  the  blowpipe  to  a  black  magnetic  bead,  but  the  Torie- 
t  ice  containing  but  little  iron  are  infu  si  bio.  OliTins  are  deoompow^ft  by  hydrochloric 
nfid,  the  iron  oHvinif  aho  more  easily  than  the  others.  According  to  v.  Kobell,  olivin 
ionni«  II  jelly  with  sulphuric  ucid 

Afiott/st's :  a,  Fvnftt^riti'  from  Snmmn:  white,  cryBtallised ;  specific  gravity  3'2I3; 
i-Iowly  gelatinising  with  silica  (Rammelsberg,  Minerakhetnif^  p.  437).— d*  Bolt*miU 
fnim' Bolton,  Masaachussetts :  ^cnish -yellow;  Fjx^ific  gnivity  5  328  (Smith,  Sill. 
Am.  J.  [8]  XTiii.  372),— c.  Grains  from  the  Thjorslava,  Hecla :  specific  mvity  3-226 
(Genth,  Ann.  Ch,  Pharm.  Ixri.  20),— if.  Ckrv9o!ik^  from  the  Ea&t  (Stromeyer, 
Poge.  Ann.  it.  193).— e.  From  the  fnmwrole  of  Mas^a*  Etna :  crystallised;  sperific 
gravity  3  334  fv.  Walter shausen,  VulkanUchc  Grstrine,  p.  117).—/.  From 
PetJKrhau  in  Bonemia,  in  basalt  (Kammelsberg). — f^.  Frum  the  Pall  us  meteorite 
(Strotneyer,  foe.  ci/.).— il.  From  the  meteoric  iron  of  Ataeama  (Schmid,  Pogg. 
Ann.  Ixxxiv.  601). — i  From  Tissersk  in  the  Ural,  in  mica-slate ;  specific  gravity 
3'39— 3*48  (Hermann,  J.  pr.  Chem.  xlvi.  222). 

a,  A.  r.  d.             t.  /             g.  k.  i. 
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These  analyses  and  numerous  others  of  olivin  from  various  localitiea  may  be  repre- 
sented by  ths  general  formula  above  given,  the  magncidum  and  iron  rephiciug  each 
other  isomorphoasty.  Fur  other  analyses  see  Rammt'ltiln^pg'i*  Minrralehemie^  pp.  437- 
4(1  ;  and  fwrth.r,  Jahresb.  1861,  p.  987  ;  1862,  727  ;  IH63,  p.  803. 

Mffii/osidtrtt.  (iii,  177)  may  l)e  regarded  as  an  olivin.  (JFfe".|Mnig*')'SiO\  havmg 
piirt  of  the  silica  leplacecl  by  alumina. 
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Euly»ite-olivin,  from  the  gneiss  of  Tunabeiv  in  Sweden  (ii.  606X  contains  29*84  per 
cent,  (iilioa,  3'04  magnesia,  64*71  ferrous  oxide,  8-39  mangsnoos  oude,  S-07  lime,  uid 
1*21  alumiua,  and  may  be  represented  bj  the  formula  (lMnm.»Mmg.J»Oea..fFfe.)* 
SiO«  or  (^Mmn.|Mmg.^Cca)»8iO«  +  3Pfe«iO«. 

Damour  (Ann.  Mm.  [4]  Tiii.  90)  describes  as  titanifevons  olirin  m  mas- 
siye  red-brown  mineral  from  the  mica-slate  of  Pf^ders  in  (be  l^rol,  haring  a  speeille 
gmvily  of  8*25,  and  containing  (mean  of  two  analyses)  86*68  per  eentw  siliea,  4*40 
titanic  anhydride,  49*89  magnesia,  6*10  ferrons  oxide,  0*60  manganoos  osidi^aBd  173 
water. 

OUnnxumr.  A  red  substance  produced  by  the  action  of  sulphuric  or  hydro- 
chloric acid  on  oliviL  It  \a  precipitated  on  pouring  strons  sulphuric  acid  into  a 
concentrated  solution  of  oliyil,  in  red  flocks,  which  ultimately  oissolTe  in  the  acid,  but 
are  reprecipitated  by  water.  It  dissolves  in  ammonia  with  fine  violet  ooUrar;  also  in 
alcohol,  whence  it  is  precipitated  by  water.  It  contains  from  68*0  to  69*1  per  cent, 
carbon,  and  6*9  to  6-4  hydrogen,  and  according  to  Sobrero^  differs  from  olivil  by  the 
elementa  of  water.  The  alcoholic  solution  precipitates  basic  acetate  of  lead,  and  after 
addition  of  ammonia,  likewise  barium-  and  caldum-salta ;  it  precipitates  etqcie  acetate 
after  some  time. 

O&ivrra.  A  bitter  substance  obtained  by  Lander er  ttom  unripe  oliTes,  by  ex- 
traction with  dilute  hydrochloric  or  sulphuric  acid  and  precipitation  with  water.  It 
dissolves  in  alcohol,  and  separates,  after  concentration,  in  oitter  neutral  crystals,  insoln- 
ble  in  water,  but  soluble  in  dilute  adds.  The  same  substance  appears  to  haTe  been 
obtained  ttom  the  leaves  of  the  olive  tree  by  a  different  process.  (Handw.  d.  Chem.  r. 
696.— Gm.  xvL  197.) 

OXICHMlJb,  OZIBB  OF.  A  substance  containc^d,  according  to  Scharling 
(Ann.  Ch.  Pharm.  xlii.  265),  in  the  ethereal  extract  of  urine  (5/ux/ia).  It  is  of  resinooa 
consistence,  melts  in  boiling  water  to  a  yellowish  oil,  and  dissolves  in  alcohol,  ether 
and  alkalis.  Chlorine  converts  it  into  a  substtmce  said  to  have  the  composition  of  clilorido 
ofsalicyl,C'H*O^CL 

OMFBA.UTB.  A  foliated  leek-green  variety  of  augit«,  having  nearly  the  com- 
position of  diopside,  but  with  rather  more  iron.  Speofic  gravity  3*23— 3*3.  It 
accompanies  granular  garnet  on  the  Sau  Alp ;  occurs  also  in  Carintlua  and  near  Hof 
in  Bayreuth,  with  t  he  smaragdite  variety  of  hornblende,  which  it  much  reseobleB. 

OWaOXTB.    Gothite  from  Lake  Onega. 

OVXOSnr.  An  argillaceous  mineral  from  the  Salsburs  Alps,  occurring  in  round- 
ish pieces,  having  an  apple-green  colour,  sometimes  greyish  or  l^wnish,  with  weak 
greasy  lustre ;  translucent.  Hardness  =>  2.  Specific  gravity  «»  2*8.  Fracture  flne- 
splinteiy.  Fuses  with  intumescence  bofore  the  blowpipe  to  a  white  blebby  glass. 
Soluble  in  sulphuric,  insoluble  in  hydrochloric  acid.  Contains  62*62  per  cent,  silica, 
30*88  alumina,  3*82  ferrous  oxide,  6*38  potash,  and  460  water,  (v.  E  ob  ell,  J.  pr.  Chem. 
ii.  29.%) 

A  mmeral  from  the  Ochsenkopf  near  Schwarzenberg,  usually  regarded  as  an  agal- 
matolite,  and  found  b^  John  (Ann.  Phil.  iv.  214)  to  contain  6b  per  cent,  silica,  30 
alumina,  1  ferric  oxide,  1*76  lime,  6*25  potash,  and  b'b  water,  Mongs  properly  to 
onkosin.     (Scheerer.) 

OVOCSRZir.  C"H*0?  (Hlasi wets,  J.  pr.  Chem.  Lev.  142.)— A  oystallisable 
substance  contained,  together  with  ononin,  in  the  root  of  Ononis  tpinota,  and  separating 
from  the  concentrated  alcoholic  decoction  in  strongly  coloured  crystals,  which  may  be 
purified  b^  pressure,  washing  with  cold  alcohol,  and  recrystallisation  from  boding 
alcohol,  with  aid  of  animal  charcoal  It  forms  interlaced  capillary  crystals,  insoluble 
in  water,  sparingly  soluble  in  etht-r,  perfectly  soluble  in  boiling  alcohol  and  in  warm 
oil  of  turpentine;  melta  to  a  colourless  liquid,  which  solidifies  to  a  crystalline  mass, 
and  is  not  altered  by  boiling  with  hydrochloric  acid,  or  with  potash-ley.  CUorine  at 
100°,  converts  it  into  chloronocerin,  C'*H'*CPO,  a  resinous  substance,  insohiUe  in 
water  and  in  alcohol,  easily  soluble  in  ether. 

OVOFXZTB.    Native  selenio-sulphide  of  mercury  (iii.  912). 

OMOMWrzw.  C«H«*0".  (Hlasiwetz,  loe.  cit.)—A  substance  produced, 
together  with  glucose,  by  the  action  of  dilute  acids  on  onospin  (p.  208) : 

C*H"0»     =     C*"H"0"    +    2C«H"0«; 

also  by  boiling  formonetin  (il  696)  with  baryta-water : 

C»H«H)»«    +    4H«0     =     2CHK)»    +    C«H**0»« 
Fonnonetin.  Formic  Ononctin. 

acid. 
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To  propft»  it,  ooofpin  i*  boilfid  with  &bout  t«a  timet  ita  weight  of  wiit«r^  uid  inil- 
phuric  add  U  tttlded  drop  by  drop  till  the  solution  be<com€«  turbid.  On  contiiiuiiig  the 
builiog,  *he  oDontftiii  eoltedi  at  the  bottom  in  a  f^B*^  mw»  which  becomes  d^iitdliiie 
OD  cooling,  aod  may  be  puiifiMl  by  reci^stallisatjon  ^m  Btroug  ftloohoL 

OnoQt'tin  fomu  long,  ^oburlesa,  hrittls  piisro^  gronped  in  fttara  or  buDdles,  nearly 
inaoloble  la  wattr,  soluble  in  afcohol,  alightly  somble  in  warm  ether ^  mor^  »olubto 
in  alkalU.  It  giT«s  «flri'66  per  eetit.  water  at  100^,  rndta  at  12(F,  imd  bolidifieH  in 
A  radiate  maaa  oo  cooliog;  it  caniiot  be  Tolatiliaod.  Its  aolution  doeft  not  precipitate 
any  metallic  saltj,  except  baaic  aceiate  of  Itad.  It  iii  ooloured  red  by  strong  sulphuric 
add  and  peroxide  of  manganesff  deop  rod  by  Jcrrte  ekloride.  Whon  beatPO  witJl 
mtric  add,  it  mdta  like  n  rc«in,  and  oxidiAes^  i^mitting  a  Tery  irritating  odour;  tb«  iolu- 
lii'U  (^Jiitiitns  oxalic  acid,  and  appiirf^ntly  picric  and  oxipicne  ocida.  The  ammoniacal 
nolution.  when  exposed  to  the  air,  a^xjuinf^it  a  fine  deep  green  colour,  and  hydrochloric 
acid  then  flirowa  down  from  it  a  dark  red  resinous  subeUnee  f»r>luble  in  alooliol 

OMOHfZ^M.  Thia  name  wan  girea  by  Beinsch  (liepert.  Pharm.  [2 J  %%vi,  12) 
to  a  eubHt^ince  roaamMing  glycyrrhizij^  wliich  he  itt^tainad  horn  tlii^  aqm^out^  de<!Oc- 
tiun  of  the  rout  Ckf  OmmU  spinosa  by  preoipitation  with  sulphiuie  acid.  Ulaaiveta 
however  found  the  aubertance  thuK  obtdiiiNl  to  be  of  variable  oompoeitionf  and  ia  of 
opiniun  that  the  root  contains  true  glyeyrrhisin,  which  gradually  beoomesi  alterod  by 
oxuluijon, 

Oirowxv.  C^H*^", — A  eubstance  existing  in  the  root  of  Onmis  ipincM  ;  dia- 
curered  by  Reinach  (loc.  ciL\  further  investigated  by  Hlasiwetx  (Wien.  Acad.  Ber. 
XT.  142),  It  ia  prepared  by  precipitating  the  daiified  aqueona  decoction  of  the  root 
with  a  alight  exceea  of  baate  acetate  of  lead,  deoompooing  the  precipitate  with  Bulphydric 
II end,  and  treating  the  waahed  and  dried  sulphide  of  lead  several  times  with  boiling 
alcohol.  The  aloohoUc  liquors  freed  from  alcohol  by  distillafiDnf  and  left  to  evaporute, 
dt^posit  the  ooonin  in  crystalline  nodules,  which  may  be  fri?ed  from  adlitring  brtiwn 
re^tu  by  treatment  with  alcohoL     (Hlasiwets.) 

Pure  ononin  forma  coburleas  needles  or  scales,  tasteleaSp  inodoroiis^  insoluble  in 
odd  water,  sparingly  soluble  in  boiling  water ^  more  soluble  in  boiling  akokol,  nearly 
insoluble  in  ethtr.  It  melts  and  turns  brown  at  %Z5^,  Oantoins  luseording  to 
Hlaaiwetx,  fi8-28 — 61-76  per  cent,  carbon,  and  6'4o — 5 '6S  hydrogen ;  the  formulit 
ab<)ve  ^iven  requirt^a  69-8W  ctirbon^  5*46  hydrogen^  and  MH  ax3'gen. 

The  aWlKilic  solution  of  ononin  does  not  precipitate  any  m«»taUie  salts  except  hanc 
aciUtt*  if  had,  with  which  it  forms  white  flocks.  It  is  not  colounMi  by  ferric  chtoride^ 
or  by  ch/orhu-mater.  It  is  dissolved  at  the  boiling  heat  by  caustic  poiashf  and  more 
aasily  hj  baryUi'Waier,  yielding  a  formate  and  onospin: 
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Strong  sulphuric  acid  diasolTes  it,  forming  a  reddiah-yellow  aolution  which  becomes 
eherry^red  after  some  time,  and  immediately  oasumea  a  fine  crimson  colour  on  addition 
of  a  few  grains  of  manganic  peroxide.  H^drocktoric  acid  nud  dilute  sulphuric  aeid 
dissolve  ononin  with  aid  of  heat,  yielding  fonnouetin  and  glucose: 

Boiling  nitric  add  dissolves  it,  with  deep  yeUow  colour,  producing  oxalic  acid, 
(Hlasivets.) 

OVOVIS*  The  root  of  the  spinous  rest-harrow  (Ononis  spimtsa}  eon  tains;  acoord- 
ing  to  IMitsiwetz,  two  crystMUisable  eubstanees,  onoiun  tM  onoeerin,  a  substance 
ftllied  to  glyeyrrhixiu^  and  citrie  acid,  besides  the  coastitnents  common  t^  all  plants. 

The  ash  of  the  tuot  was  Ibund  by  Bukeisen  (Jahreeb,  185^,  p.  717),  to  oontiun 
15'7fi  per  cent,  potsah,  3*78  aoda,  2'€9chluride  of  sodium,  20*87  lime,  1337  magnesia^ 
4*29  fl&rrous  oxide  witli  trace  of  manganese,  4*86  silica.  7'93  phosphoric  anhydride,  8*88 
sulphuric  anhydride,  8*60  carbonic  anhydride,  with  12*60  Mud  and  charciml. 

O VOSPZir.  C^H*0*  ( H i a s i w e t X,  loc.  ett. )— A aubetan ce  prod uc©d»  log»ther 
with  fwrmic  acid,  by  boiling  ononin  with  baryta-water.  After  all  the  ononin  ia 
diseolred,  a  stream  of  carbonic  arid  gas  is  passed  into  the  liquid,  and  the  preciptate  ia 
wAshni  with  cold  and  digested  in  bulling  wat/T,  which  dissolves  the  onospin,  and 
dejiositB  it  on  cooling  as  a  white  interlaced  crystalline  mass.  It  is  insolnble  in  r/Aer, 
but  eitHily  soluble  in  atcvhi*i.  It  dissolves  also  in  alkalis,  and  is  precipitated  by  acids. 
It  nults  at  162'^,  and  solidifies  to  an  amorphous  mass  on  cooling;  may  be  hi*4tted  to 
2r}0<*  without  decomposition  ;  yields  a  slight  sublimate  when  heated  in  a  tube.  It  is 
coloured  dark  carmine-rod  by  tulphuric  acid  and  ntarti/aific  jmmjndt,  It«  ju|ueon8  or 
alcohohc  solution  gives  a  dark  cherry-red  colour  with  frrrie  ih/urtdt\     Whrn   h^^atid 
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with  hydrochloric  or  dilute  sulphuric  acid,  it  is  reflolred  into  g^oooM  Mid  onooetui 
(p.  203). 

omrz.  A  chalcedonie  Tariety  of  qoarti,  reseinbliiig  agate,  but  having  the  edkfaa 
—  usually  a  light  dear  brown  and  an  opaqne  white— arranged  in  flat  hozuontal  pUaua, 
When  the  layers  consist  of  sard  and  white  chalcedony,  the  stone  is  called  iordonjfix, 

OOZiZTa  (from  mStf  an  egg). — ^A.  lime-stone  rock  consisting  of  minute  spherical 
grains  resembling  the  roe  of  a  fish.  In  some  oolites  the  indiviaual  grains  are  formed 
of  concentric  layers  enclosing  a  nucleus  of  some  fcneign  substance ;  in  the  oolite  of 
the  Karlsbad  springs,  for  example,  this  nucleus  usually  consists  of  granite. 

OOSXTB.    A  mineral  resembling  pinite  from  the  porphjriy  of  Ooe  near  Gteioldsaa  in 

Baden.  Nessler  (Jahresb.  1861,  p.  1008)  found  in  oosite  from  Ghinsenbadi  and 
Selighofen,  68-69  silica,  2289  alumina,  409  ferrous  (i-  4*64  feme)  oxide,  0*22 
magnesia,  4'94 potash,  1'14  soda  and  5*11  water  (».  100*27). 

OPAAta  Native  amorphous  hydrated  silica,  occurring  in  masses  having  a  ooneboidal 
fracture,  vitreous  lustre  sometimes  inclining  to  resinous  or  pearly,  and  white,  yellow, 
brown,  green,  or  grey  colour  according  to  the  foreign  snbi^ances  present,  sometimes 
exhibiting  a  rich  play  of  colours,  or  dilferent  coburs  by  refracted  and  reflected  lig^ 
Hardness  -m  5*5—6*5.  Specific  gravity  »  1*9 — 2*3.  It  appears  to  be  a  mixture  of 
several  hydrates  of  silica  and  vairious  adventitious  substances,  such  as  ferric  oxide, 
alumina,  magnesia,  alkalis,  &c. ;  tiie  proportion  of  silica  varying  from  78  to  95  per 
cent.,  and  that  of  water  from  3  to  12  per  cent.  Pulverised  opal,  like  ardfidally 
prepared  amorphous  silica,  dissolves  in  hot  potash-ley,  a^  character  by  whidi  it  is 
distinguished  from  quartz  (crystallised  silica).  Opal  in  infusible  before  the  blow- 
skater  and  becomes  opuque.    Some  varieties  containins 


pipe,  but  gives  off  water  and  becomes  opuque.  Some  varieties  containing  iron  turn 
red. 

The  following  varieties  of  opal  are  distinguished  according  to  thenr  colour  and  other 
physical  properties. — 1.  Precious  or  noble  opal:  generally  white  or  colouriess,  and  ex- 
hibiting a  rich  play  of  colours,  green,  red,  blue,  and  yellow  of  various  shades.  When 
large  and  exhibiting  its  iridescence  in  perfection,  it  is  a  very  valuable  gem.  It  occurs 
in  porphyry  at  Czemewitza  near  Kashau  in  Hungary,  at  Frankforf,  and  at  Grscias  k 
Dios  in  Honduras. — 2.  Fire  opal  or  Girasol :  a  transparent  opal  coloured  hyacinth-red 
to  honey-  and  wine-yellow  by  ferric  oxide,  sometimes  with  blue  and  yellow  shades ; 
occurs  at  Zimapan  in  Mexico  and  in  the  Faroe  islands. — 3.  Common  opal :  of  various 
colours,  but  only  translucent  or  semi-transparent  and  witbont  iridescence ;  abundant  in 
Hungary,  the  Faroe  islands,  Iceland,  the  Giant's  Causeway,  and  the  Hebrides :  found 
also  near  Smyrna. — 4.  HyaliU- :  mostly  quite  transparent  and  colourless,  or  enamel-like, 
but  neither  bright-coloured  nor  iridescent;  occurs  in  amygdaloid  at  Sefaemnita  in 
Hungary,  and  in  clinkstone  at  Waltzsch  in  Bohemia ;  also  in  several  localities  in  the 
United  States. — 5.  Smu-opal:  generally  translucent  at  tbe  edges  only,  and  with  a 
waxy,  not  glasiiy  lustre ;  found  near  Hanau. — 6.  Wood-opal  is  a  semi-opal  having  a 
pecidiar  ligneous  structure,  produced  in  fact  by  the  silicatisation  of  foceil  wood ;  i% 
forms  large  trees  in  the  pumice  conglomerates  of  Saiba  near  Nensohl  and  Kremnita  in 
Hungary,  in  Faroe,  near  Hobart  Town  in  Tasmania,  and  other  trap-countries.  The 
following  varieties  occur  as  concretions  or  coatings. — 7.  Menilite:  brown  opaqne 
compact  reniform  masses,  imbedded  in  adhesive  slate  at  Menil  Montant  near  Paris. — 
8.  Oacholotiff :  nearly  opaque,  of  porcelain  cr  bluish- white  colour ;  adheres  to  the  tongue, 
contains  a  small  quantity  of  alumina  with  3*5  per  cent  water;  it  is  closely  allied  to 
hydrophane,  and  often  associated  with  it ;  occurs  in  loose  masses  in  the  river  Cach  ia 
Bncharia. — 9.  Opal-Jasper  is  a  variety  containing  several  per  cent,  of  iron. — 10.  StUdous 
sinttT  is  a  loose  silicious  aggregate  depasited  by  the  Geysers  of  Iceland,  where  it 
presents  porous,  stalactitic,  fibrous,  caulifiower-like,  and  occasionally  compact  eoncrs- 
tions,  called  geysertte  by  Damour. — 11.  Piarl-sinter  or  Fiorite  occurs  in  the  cavities  of 
volcanic  tufa,  in  smooth,  shining,  globular  and  botryoidal  masses,  having  a  pearly  Instre. 
— 12.  Michoilite^  from  the  island  of  St.  Michael  in  the  Azores,  is  a  white  pearly  variety; 
specific  gravity  1*88. — 13.  Alutnocalcite  is  an  impure  opal  of  a  bluish  xnilk-white 
colour  containing  6  per  cent.  lime. — 14.  Some,  if  not  all  the  silicious  deposits  formed  of 
infusorial  remains  also  consist  of  amorphous  soluble  silica  (some,  however,  likewise 
contain  quartz).  Randanite  (silice  gelatineuse\  occurring  as  a  fine  earth  or  in  com- 
pact earthy  masses  at  Cessat  near  Pont  Gibaud  (Dep.  Puy-de-Dome)  snd  in  the  neigh- 
tx>urhood  of  Algiers,  is  a  \*ariety  of  this  kind. 

Some  varieties  of  opal  are  found,  with  galena  snd  blende,  in  metalliferous  veins ;  it 
al8o  occupies  the  interior  of  fossils  in  sandstone.  Its  formation  is  due  to  the  solubOity 
of  amorphous  silica  in  water,  especially  in  hot  water  or  water  containing  carbonic 
a(*id,  the  silica  being  dissolved  out  by  spring  waters  from  decomposed  silicates, 
and  deposited  under  favourable  circumstances  in  a  state  more  or  less  approaching  to 
purity. 
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OFA.&  AXiXiOFBAWa.  Syu.  with  SosBOTrsami  (q.  t\) ;— Alio  with  chrfsocoUji 
ur  ftilitMte  of  copier  (isee  SiuoATxs). 

OFMSQI*XT&      A  nutte  allied   bj  T.  S.  Hunt  (Sill.  Am.  J.  [2] 
Jahreflb.  1869,  p«  786)  to  serpentine  (pure  ophiolite)  and  iti  vwrieties  (sf^f 

OWWavM*    Syn.  with  SuLFKarmia. 

OnZTOn,  This  oame  i«  applied  b^  Co ren winder  (J&hresb*  1847^,  p. 
1279)  to  the  ptirpbyry  of  Tprnuay,  a  rock  ooneistiiig  essentiallj  of  feUpar  and  augitp. 

OFZAXCMCOJra.    See  Opiantc  Acid,  Amidbs  of  (p.  200), 

07XAVZ0  ACI»,      C>-H»*0*  «  ^'*^*^*f0,  or^^^j^^'l^.    (Liebig  and 

W6hler,  Ann.  Ck  Pliarm,  xliv.  126.— Wohier,  iAm^.  L  1,— Bl^th,  ibid.  I  29.— 

Andenon,  Edinb.  PhiL  TranB^atx.  [2]  347.— Matthiesaenand  >  oster,  Chem.  4S0C* 

J.  xtL  346,) — An  acid  produced,  togf^her  with  cotamine,  by  the  oxidatioa  of  narcotine : 

C"H»NO'   +   0    -    CH'-KO*   +   C«H"0'; 

Nareoline.  Cotamlnf^.  0|}Unle  acid. 

e.  g.  by  the  arttoo  of  vnlpburie  add  and  peroxide  of  maganeae  or  f^eroxide  of  It^ad  ;  l»y 
the  action  of  boilixig  oitjnc  acid ;  by  buuiii^  hydrochlorate  of  narcotioe  with  ptAtinie 
chloride  and  water ^ — Also,  bv  boiling  t^ropiammone  (triopianamide)  with  putaah-li*y. 

Tb«  following  ia  the  mode  of  preparation  recommendal  by  Matchietisen  and 
Foster:  100  grms.  of  naroodoe  le  duaolred  in  a  eonbiderabLe  exceea  of  dilute  ent- 
phuric  acid  (160  grma.  acid  and  1500  grms,  water) ;  the  eolation  ia  heated  to  boiling^ 
and  160  grma.  of  finelT  powdered  bla&  oxide  of  manganeee  (oontaming  60  percent, 
real  peroxide)  is  added  9»  qnickty  as  possible,  care  being  taken  that  it  doea  not  camte 
the  liquid  to  f^h  over:  wh<^Q  the  whole  quantity  of  peroxide  has  been  added,  the 
mixturo  ia  qnickly  filtered  throii|^h  a  ^mnel  surrotinded  with  boiling  water.  The  fil- 
trate on  cooling  becomes  half  solid,  from  separation  of  ciyatala  of  opianic  acid ;  and  hy 
twiee  recryitamaing  this  product  from  botling  water  it  ia  obtained  nearly  pure,  though 
HtiH  rt't&ining  a  filight  browniah  colour,  tram  which  it  may  be  freed,  if  Qoc«£^(»ary,  by 
boiliDg  with  dilute  hypochlorite  of  sodium,  and  dooomposing  thf^  resulting  solution 
with  hydrochloric  acid.  The  opianic  acid  ia  then  deposited  as  the  liquid  coola,  and 
may  be  recrysialliaed  from  boiling  water. 

Propertu*. — Opianic  acid  crytftaUiioe  in  thin  prisms,  often  mdiating  and  interlaced. 
It  id  colourlr^M,  has  m  bitter  taste  and  slight  acia  reaction,  dissolres  sparingly  in  cold, 
easily  in  boiling  water,  also  in  alcohol  and  in  ether.  It  m^t^s  at  140^  without  loss  of 
weight,  and  is  not  Tolatik;  but  if  more  strongly  heatt»d  in  a  retort,  it  cTv^eps  up  the 
Nides  and  may  thus  be  distilled  without  actuully  volatilising.  When  heated  in  contiict 
with  the  air,  itgivea  off  aromatic  rapoura  which  smell  like  vanilla,  and  bum  witli  a 
Amokv  llame, 

Opiauic  acid  suffera  a  remarkable  change  uoder  the  iofltience  of  heat.  The  melted 
ncid  remains  soft  and  transparent  for  aome  time  after  cooling,  but  tiltimately  loees  it* 
tmuKparency,  and  becomes  hard  and  milk-white.  In  this  state  it  has  the  same  compoeitinu 
us  t^ie  crystallised  add,  but  differs  ^m  it  considerably  in  its  properties,  being  insol- 
uble in  water  and  alcohol,  and  even  in  dilute  alkalis,  dissolving  only  after  prolonged 
boiling  with  caustic  potash. 

iMcampcmtions, —  1.  Opianic  acid  heated  with  niiric  acid,  platinic  chloride,  or  »ui» 
pkuric  odd  and  ptroride  of  tfod^  is  converted  into  hemipinic  acid,  C'*H'*0*.— 
2.  When  it  is  mixed  with  a  huge  excess  of  potash-ley,  and  evaporated  nearly  to  dryness, 
it  is  resolved  into  hemipinic  acid  and  meconin:  2C"H*»0*-C«*H'»0«  + C'»H'»0* 
(Mnttb lessen  and  Foster). — 3,  By  the  action  of  nascent  hydrogen,  a&  whea  its 
>»<iu»'ou^  solution  is  warmed  with  •odium-amedgam,  it  is  converted  into  meconin 
(Matthiessen  and  Foster): 

C»*H»»0>   +   H»     =     C»»H»»0*   +   H*0. 

4.  When  fiised  in  a  current  of  dry  chlorine^  it  gives  off  hydrochloric  acid,  and  yields 
ypll»wish-red  resinous  products  (Wohler). — 5  When  heated  with  three  or  fourtimea 
its  wfight  of  strong  htfdrochloric  arid,  either  to  100**  in  a  sealed  tube,  or  to  the  boiling 
point  of  the  acid  in  an  open  vessel,  it  is  decomposed,  with  evolution  of  methyl ic  chJorHle 
Ajid  carbonic  anhjdrid*^,  and  formation  of  an  acid  comaining  C?H*0'  (Mattthiessen 
and  Foster): 

C«H»»a*  +  HCl  »  eH«0»  +  CH*CL 
6.  A  similar  decomposition  appears  to  take  place  when  opianic  acid  is  boiled  with 
fuming  hi/driodi4^  arid,  methyfic  iodide  being  given  off  without  sepazation  of  iodine 
(Matthiessen  and  Foster). — 7 .  Su IpA urv us  acid  dia&ol vea  opiamc  acid,  producing 
tj  p  i  A  no-s  ulphuroufl  aci  d. — 8.  The  nqueotis  solution  of  opianic  acid  does  not  appear 
li>  U'  altered  by  su/pkydric  add  at  the  boiling  heat,  but  on  cooling  to  70**  it  is  con- 
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verted  into  salphopianic  acid,  C**H*^SO^  without  formation  of  any  otfafir  n^QCt 
(Wohler). 

C"H'*0»  +  H«    «    C"H»«SO*  +  HK). 

OpiAiTATML  0»»H»MO»  or  C»H>«irO",  according  to  the  atonricitjr  of  tbe  metal 
A  boiling  solution  of  the  acid  decomposes  the  carbonates  of  bazimn,  cflociaaa^  Wad  and 
silver,  forming  crystallisable  salts. 

The  ammoniuTiv^aU  is  obtained  in  laise  tabular  crystals  hj  spontaaeona  eraporatioD 
of  a  mixture  of  alcohol  and  a  satoratea  solution  of  opianic  acid  in  ammonia  Hie 
amrooniacal  solution  unmixed  with  alcohol  yields  bj  eraporation  an  amorphous  tzans- 
parr^nt  mass,  which  dissolves  but  paitialljr  in  water,  leaving  a  residne  ot  opiamaBOoe 
(«U  tfi/.). 

The  barium-Bolif  C*H**Bba''0^.2HK),  forms  radiate  prisms  which  eflSoreaee  with 
loss  of  6  per  cent,  water  ( <•  2  at.X  The  calcium-wait  is  soluble  and  crystsdliaable. 
The  lead-waii,  C*H"Ppb''0**.2HK),  forms  shining,  transparent,  mammdlated,  aparinsly 
soluble  crystals,  which  melt  at  150^,  and  begin  to  decompose  at  180**.  From  hot  smu- 
tions  it  sometimes  crystallises  in  tuiis  of  small  silky  prisms  which  are  anhydrous.  It 
is  soluble  in  alcohol  The  wilwrsaU,  G**H'AgO*.4rHH),  crystallises  in  transpamt 
shortened  prisms,  which  appear  yellow  in  mass.  They  give  off  t-heir  water  at  10<F, 
and  melt  with  decomposition  at  200^. 

Opianate  of  Ethyl,  Opianic  Ether.  C"H»((?H»)0».— Formed  bypassing  sul- 
phurous acid  ^  into  a  hot  alcoholic  solution  of  opianic  add,  and  deposited  firom  the 
concentrated  liquid  in  tufts  of  small  prisms  or  in  spherules  (Wohler).  Or  it  may  be 
produced  by  heating  opianic  add  with  alcoholic  hydrochloric  add  to  100^  in  a  acksled 
tube,  precipitated  by  pouring  the  contents  of  the  tube  into  water,  and  obtained  by 
cryRtalliBation  from  alcohol  in  hemispherical  masses  of  brilliantly  white  radiating 
needles  (Matthiessen  and  Foster).  It  is  inodorous,  but  has  a  sugjlitly  bitter  taste ; 
is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether;  melts  at  92^ 
(Wohler)  ;  at  8S^  (Matthiessen  and  Foster),  and  solicMea  ina radiated  maas  on 
cooling.  It  may  be  sublimed  between  two  watch-glasses.  When  heated  some  degrees 
above  its  meltins  pointy  it  remains  for  a  long  time  soft  and  amorphous ;  it  beara  mnig^ 
temperature  wiuout  decomposition.     (W  o  h  1  e  r. ) 

By  boiling  with  water,  it  is  slowly  converted  into  alcohol  and  opianic  add,  more 
quickly  by  potash.    It  is  not  attacked  by  ammonia  in  the  cold.    (Wo hie r.) 

Acids  derived  from  Opianic  acid, 

Opiaho-sulphvbousAcid,  C'«H^0«?  (Wohler,  ^.etf.)— This  acid,  obtained 
by  evaporating  a  solution  of  opianic  add  in  hot  aqueous  sulphurous  add,  is  m  tranaparent, 
crystalline  mass,  which  dissolves  the  carbonates  of  barium  and  lead,  forming  ojatallised 
Raits. — The  barium-salt  forms  shining  colourless  rhomboidal  tablets  which  gire  off 
water  and  begin  to  decompose  at  140°. — The  lead-soft  crystallises  in  four-tdded  prisma 
with  dihedral  summits  and  having  their  lateral  edges  replaced  by  broad  £^68,  ao  that 
the  crystals  appear  hexagonal  They  give  off  6*5  per  cent,  that  is,  hidf  of  their 
water  of  cryataUisation  at  180^,  the  rest  with  slight  deeompoextion  at  170^.  The  cxya- 
tallised  salt  gave  by  analysis  29*23  per  cent,  carbon,  300  hydrogen,  8*10  snlphqr,  uid 
26-67  lead-ozide,  agreeing  approximately  with  the  formula  Ci*HTbS0*.8HH>  (tali. 
Gerhardt^  7Kn«p,  iv.  87). 

SuLPHOPiANio  Acid,  C'*H>*0^*,  produced  b^  the  action  of  sulphydric  add  on 
opianic  acid  (p.  205 X  forms  delicate  yellow  prisms  which  soften  below  100^,  and  become 
completely  fluid  at  the  temperature  of  boiling  water,  forming  a  pale  yellow  oil  ^idi 
on  cooling  solidifies  in  a  transparent  amorphous  mass.  This  acid  gives  by  analyaia  62*4 
— 53*0  per  cent  carbon,  4*2  hydrogen,  and  14*8  sulphur,  the  formula  requiring  63*1  C, 
4*4  H,  141  S  and  28-4  O.     (Wohler.) 

The  add  decompose  above  100^,  and  when  calcined,  takes  fire  and  bunis  with  a 
sulphurous  flame. 

The  amorphous  acid  dissolves  in  alkalis,  and  the  solution  of  its  ammoninm-aalt 
forms  with  lead-  and  silver-salts,  predpitates  which  are  easily  decomposed  when  heated 
in  the  liquid. — The  behaviour  of  the  crystallised  add  with  bases  has  not  been 
examined. 


OFZAVZO  ACZSf  AMXBBS  OV.    Two  of  these  bodies  are  known,  vis. : 
«^?e^ammone|*^^"^**"  *  (C"HH)*)'N.H»0,-  3C'»H>»0»  +  NH»  -  MPO. 
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.  BoUi  ih^M  compouods  are  resolvfid  bjr  alkalb  into  opianic  moid  nud  ammania,  la.lotily 
"he  fint  &ppean  to  bo  producible  by  the  defajdration  of  opianiito  of  ammonium. 

OpfiMifOtrs,  C*H"NO*, — A  aolution  of  opianic  add  in  ammonia  l(»aTe8,  when 
aporatiHi  at  a  rtrj  gentle  heat^  an  amcirphouB  transparent:  mans,  which  bfcomoit 
""milk- white  when  treat^  with  water  and  diaaolTiw  but  partially,  learing  opiammone. 
The  dried  r«*idtie  may  be  completelj  converted  into  thia  compound  by  h&ating  it  to  n 
tvmpeniture  a  little  abora  100^«  as  long  aa  ammonia  ia  ^ven  ofl^  and  the  product  may 
be  frv^d  tr(jm  the  btat  tnicea  of  opianate  of  ammonium  hy  boiling  with  water. 

Opiummone  ii  a  ndo  yeJlow  efystaUine  powder,  iuaolubl^^  in  eold  waUr^  and  but 
liule  attacJced  by  bouing  wnt«r;  but  when  hf^ated  with  water  to  1&(P  in  a  sealed  tubo 
it  diaM>lTe«  completoly,  aa  opianate  of  iimmonium.  When  heated  ft  creeps  along  thi> 
iidea  of  the  ye^ecl  without  tubliming,  but  if  etrongly  boated  in  contact  with  air,  it 
deoomposea.  It  i«  not  altered  by  h touting  with  dilute  acids.  Caustic  potath  alowly 
oonTarta  it,  with  crolution  of  ammouia,  into  opianate  of  potaaaiuro,  and  the  potaaaittm- 
nUt  of  another  add  not  yH  analysed,  which  Wohler  designate*  hy  the  name  zanf  ho- 
pt*  n  i  c  acid.  On  adding  hydrocbloric  acid  to  the  tolution,  xantbopenic  acid  ia  predpi- 
tat^  in  yellow  flakes  and  the  remaining  liquid  depoatta  dyatala  of  opianic  neid. 
(Wohler,  /flc.cil.) 

TnnopiAMUONB,  C**H"NO",iiprodTicedby  the  action  ofdilute  nitric  acid  upon  nar- 
cotine  ;  no  other  mode  of  preparing  it  haa  yet  been  discovered.  It  cryetalliaes  in  slrnder 
coIourleii«  needlea^  inaoiuble  in  iDoier^  sparingly  Bolable  in  cold  alcohol,  rather  more  in 
boiling  alcohol,  rcry  eparingly  in  etfuT.  It  is  decomposed  by  nilric  but  not  by  hydro- 
chloric add.  Strong  suipkurie  acid^  dissolre^  it  in  tne  cold  with  yellow  colour,  but  on 
heating  the  aolution,  it  aMumea  a  fine  crimaon  tint.  It  ia  not  attacked  by  ammonia. 
Boiling  patatA  alimiiimtea  unmonia  ft&d  eonYerta  it  into  opianate  of  potuaium, 
(A  nderson,) 

OPtMMZC  STBSX«     See  p.  206. 

OPZ^JTOr S  t  A  bai^  resem  bllng  narootine,  found  by  H  i  n  t  e  r b  e  r  g  e  r  (Ann.  Ch. 
Pharm.  Ixxvii.  207  ;  liTTJi.  310)  in  aoime  spedmena  of  £^|yptian  oplunu  It  was  pre- 
cipitated br  ammonia  from  the  anneotifl  extract  together  with  morphine,  and  on  dia- 
solving  this  predpitate  in  alcohol,  the  opianina  crystallised  out  first  in  large  right 
rhombic  pnsma,  which  yielded  by  anidyais  630  per  cent,  carbon,  67  hydrogen,  and 
4*3  (mean)  nitrogen,  whence  Hint«rber^er  dedncea  the  formula  C**H^N'^0"  requiring 
fi3"l  cjirbon,  6*8  hydrogen  and  4'6  nitrogen.  In  one  analysia  however  (by  combuatiou 
with  aoila'lime), Hinteromer  found  only  2  2  per  cent.  nitrog«^n,  and  nct'ordingly  gave  at 
tir»t  the  formula  C^J^NC^i  Anderson  (Ann*  Ch.  Pharm.  xcriii.  60)  deducea 
tnmi  r he  same  data  the  formula  C>*H"NO*^*  G  e r h a rd  t  ( Traiti,  i v.  C«)  sirid  W e It  £  i en 
{Orynn.  I'trhmd.  p.  667)  doubt  the  exiatence  of  opianina  aa  dititinct  from  narcotina 
( )pi«nine  forma^  acoarding  to  Hiuterberger,  a  cktoromtrcMratt  coutaining  C^H'^N^O**, 
HVLHijCL     (See  Gmelin'»  Handbook,  xri  «6.) 

opiAjfO-striiPBYrRovs  Acnft.   See  p.  2oe. 

OVZAVTXt.  C'H'O^ — A  radicle  which  may  be  anppoeed  to  exist  in  opianie 
ikcid  and  i\s  derlvatiTes.     And^jrson  applies  the  name  to  meconin,  C'^^^0^. 

OVZins.  Thia  Talnable  drag  ia  the  dried  juice  obtained  from  the  mu-ipe  capaulea 
of  the  wbit^  P<>ppy  {}*ajpaver  9omniferum\  a  plant  i-xt^nairely  ealtiTated  for  the  pur- 
pMDefi  in  A^ia  Minor,  Egypt,  and  Hindostan.  Persia  and  Algeria  likewise  produce 
opium,  and  the  plant  nao  been  cultirut^d,  but  not  with  Teiy  satiafkctory  reaulta, 
in  various  parts  of  Enrope.  The  Eurof>ean  markets  at*  HUpplii?d  chiefly  from  Asia 
Minor  and  Egypt,  th<!  opium  from  thf  fr»rmcr  locality,  calb'd  Torkish  or  Smyrna  opitiiu, 
)»dng  the  beat,  that  ia  to  aay  the  riche?«t  in  morphine.  East  Indian  opium  is  chiefly 
export«l  tu  China.  Thf*  opium  ia  extracted  by  making  incisions  in  the  ciipaulea  juat 
after  the  petal«  have  fallen  off.  A  milky  juice  tb^n  exudea  which  soon  concretea:  it  is 
left  to  dry  OTer  nighty  then  removed  with  a  blunt  knife  and  kneaded  with  wati'r  into 
cakea,  which  are  tti**n  further  dried.  As  thus  pirp^ired,  it  i»  bri>wn  and  aomewbat  hnn\ 
hns  a  biltcr,  urrid,  naujii»otia  ta.«»t»\  and  a  prculinr  f^ii  kly  odotir  It  fKiftens  with  the 
hedt  of  the  hand  ;  whrn  mon*  strongly  heat^Ml  it  takes  fire,  but  does  not  bum  rtnidily. 
For  furthnr  particuhira  respecting  the  preparation  and  properties  of  opQum,  aee 
Pereira'a  Materia  M^dica ;  alao  a  paper  hy  Br.  Eat  we  11  in  the  Fharmaceutica 
Journal  for  18d2.) 

Opium  ia  a  rery  complex  aubatance  containing  aeyenil  alkoloidfl,  two  or  three  organic; 
acida.  and  several  neutral  organic  aubetancea  beaidea  inorganic  salta.  The  following  la 
a  list  of  ita  peculiar  coostituenta: 
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Ntroodne 
Morphine 
CkxleiDe 
Narceine 
Psendomorphine  ? 

ThebftiiM 

Papaverine 
Opianine? 


Di»ea9ered  bif 


Derosne 

Sertiimer 

Robiqnet 

Pelletier 

Pelletier 

Pelletier       r       ^-i. 

andCouerbe}"!*'^ 

Merck  „  ^840 

Hinterberger  „  1861 


in  1804 
..1804 
..1883 
„  1833 
„  1836 


Meconie  add 

Oily  acid  (Opmm-iSU) 

2>inm-reain 
eoonin 


The! 


irphyrozii] 
leDolactie 


add? 


SerHtmer  in  1804 
PeUatMT  »  188S 
Pelletiflr  »  1333 
Dnblane  „  1883 
Mei«k  „  1837 

TAHJBmithM  1862 


All  the  alkaloida  in  the  preceding  Ust^  except  fopawrtiM  and  tiebaim,  hftfe  been 
already  deeeribed ;  the  existence  of  paendomorphme  and  opiaune  is  Teiy  donUAil 
(aeeiii.  1061  and  iy.  208).  The  following  table  edubits  a  general  yiew  of  thanaetions  of 
the  opiom-alkalolblfl  with  yarioos  eolyents: 

SoltMlUy  of  Ofium^kaloUU. 


Van*. 

rtMiala. 

■ 1 

WateA 

AimitL 

M^ 

«MaA 

MoryhlM. 

C«rH»»NO«. 

^"MSSS"' 

Moderately 
•olaUe. 

Nearir 

Soluble 
Inexeeaa. 

Codeine. 

C"H«NO». 

Solabla. 

Very  tolobla. 

tatoiiSia. 

loaoliMebi 
•Cnmcpoiaab. 

ThelMliM. 

Ct»H»»NO». 

lotolttMa. 

•«otobla. 

Soluble. 

Soluble  in 

PapaTarine. 

C»H«NO*. 

Intolabla. 

Soluble. 

Soluble. 

Ineolubie. 

N^relna. 

C»H»NO». 

Vary.pjrl«gly 
■oluMa. 

Soluble. 

loMtaMe. 

Solnble  in 
dilute  potaah. 

NareodiM. 

C»B»NOy. 

NaariT 
insoluble. 

Solobla. 

Solnble. 

Meeonic  acid  and  meoonin  hare  been  already  deaeribed  (iiL  869.  861).  FeUatiei'a 
opiwm^fal  and  opium-renn  will  be  deaeribed  farther  on. 

Poffhyroxin  la  the  name  giyen  b^  Merck  (Ann.  Ch.  Phann.  xn.  201)  to  a  neutral 
eryatalline  snbstance  which  he  obtained,  to  the  amount  of  4  per  cent,  from  East  Indian 
and  Smyrna  opinm ;  bat  ita  existence  ia  not  well  establianed.  Andenon,  iHm>  aofii^ 
for  it  with  aome  care,  was  unable  to  obtain  it 

Tkeboiactic  acid  ia  an  acid  isomeric  with  lactic  acid,  said  to  exist  in  Turkey  opinm  to 
the  amount  of  2  per  cent,  and  to  be  separated  from  the  impure  mother-liquorB  of  mor- 
phine by  the  ready  crystalliaability  of  ita  calcium-salts.  Stenhoose  regards  it  as 
identical  with  lactic  acid,  but  some  of  its  salts,  especially  the  copper  and  morphine- 
salts,  are  said  by  its  discoTeren  to  differ  in  character  from  the  oonesponding  lactatea. 
The  ferric  salts  of  the  two  acids  are  likewise  said  to  differ  in  their  reaction  with  am- 
monia.   Anderson  was  not  able  to  detect  the  existence  of  thebolactie  acid  in  opinm. 

Opium  likewise  contains  gum,  caoutchouc  or  a  similar  substance,  yegetable  albmnin, 
cellulose,  and  a  Tolatile  odoriferous  principle.  Its  inorganic  constituents  az«  potaah^ 
soda,  ammonia,  lime,  magnesia,  alumina  (?)  and  ferric  oxide,  combined  with  nydxo- 
chloric,  sulphuric,  phosphoric,  and  silicic  adds. 

The  proportions  of  these  seyeral  constituents  yary  greatly  in  opinm  from  diflbnnfc 
localities.  The  quantity  of  morphine,  on  which  the  commercial  yalne  chiefly  depMida. 
yaries  from  3  or  4  to  14  or  15  per  cent  Smyrna  opium  generally  contains,  in  the  dry 
state,  from  12  to  1^  P^r  cent,  morphine  (Guibourt);  Egyptian,  in  the  dry  state,  from 
6-8  to  6*6  per  cent  (Guibourt).  Me  rck.  however,  found  6  to  7  per  cent  in  the  undried 
substance;  East  Indian  opium  contains  from  5*3  to  7*7  per  cent  (Gnibonrt) ;  in  a 
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r  dried  vitnple  of  P«nuui  opmm  O  ti  i  b  o  art  found  11  37  per  cent,  morphine  md  8*17  nar- 

iflodne.     AlgeriiLO  opium  oontaiDifig  7'6  prr  cent.  witXvT  was  found  b^  A  a  b  erg  ie  r  (Ann. 

ICIl  PhjH.  [3]  xz.  903)  to  contain  the  follo^ng  proportionji  of  morphine:  opjnin  from 

IwKtte  poppic«,  1*62  to  8"67  per  cent,;  from  red  poppies,   1037  to  11*23  per  cent; 

I  from  purple  poppie*.   1 471   to  17^88  per  cent.      In  dry  opium  gathered  at  Erfurt 

from  th**  blue  poppy,  Bilti  found  16*6  and  20   per  cent,;  in  that  from  the  white 

poppy,  6'6d  per  cent  morphine.     French  Tarietiei  when  dried  contain  on  the  average 

177  per  cent,  morphine  (m&ximtim  22*9  ;  minimum  11  8)  (Gnibonrt).     Opium  col- 

If^ed  at  Brest  in  1852  contained  6  2  per  cent.  (Bona,  Compt  rend,  xL  31);  that 

from  Amiens  in  1863  contained  1476 ;  and  that  fr^m  the  name  place  in  1864,  ooniained 

16  per  cent  morphine.  (Desobarmes  and  Benard«  Compt  r<jnd.  iL  Zi,^Gmctm*M 

Handfxjok,  wi.  416.) 

The  fallowing  method  of  extracting  the  alkalotda  of  opium  and  determining  their 
relatiTe  qnantitiee  is  giTen  bjr  Anderson  (Cbem.  Soc.  JT  xr.  448).  The  morphine, 
codeine  and  mcconic  acid  are  first  separated  by  the  Bobertaon-Gregory  process 
vbieli  oonsiita  in  treating  the  aqneons  coctract  of  opinm  with  chloride  of  calcium, 
wbaisby  the  meconic  add  is  pfedpitaled  as  a  calcium-salt,  while  the  bases  remain  in 
■dtiliaii  ss  hycbr^hlotstea,  among  vhieh  the  morphine  and  codeine  tsalts  are  eaailj 
eryjitaUisable  and  separate  fromi  the  concentrated  aolutbn,  leuTing  the  other  bases  in 
the  mother^liquor.  The  morphine  and  codeine  are  then  separated  by  ammonia  as 
already  deecnbed  (iii.  1061). 

To  obtain  the  other  bases,  the  black  treacly  mother^Uqnor  is  diluted  with  water  and 
mixed  with  ammonia,  which  throws  down  a  copioos  dark  brown  precipitate  consisting 
of  narcotbe^  papaTerine  and  thebaine,  aeoompanied  by  a  small  quantity  of  codeine^ 
and  contaminated  with  a  brown  rosiiKms  snbstanoe.  This  firecipitater  winch  is  at  first 
quite  granoLLT,  rans  together,  if  allowed  to  remain  in  the  Lotiid,  into  a  reaiaoos  mass^ 
whereby  the  mo ther- liquor  is  soueesed  oat  of  it  as  eflectually  as  if  it  were  put  into  a 
powerful  preaa.  The  solution  of  this  predpitate  in  boiling  aplnt  depoaita,  on  cooling, 
impure  cryatals  of  narcotine,  which  may  be  pnrifted  by  suooeaaiye  ciyatalliaattons^ 
with  aid  of  animal  charcoaL  A  further  crop  of  crystals  is  obtained  by  distilling  down 
the  aolution,  and  finally  there  remains  a  black  mot  her*  liquor,  tram  which  thebaiue  and 
paparerine  may  be  prepan^d.  For  this  purpoee  water  i«  added;  the  liquid  is  slightly 
acidulated  with  acetic  acid  ;  the  reain  thereby  separated  is  Altered  off;  basic  acetate  of 
l«ad  is  then  added  to  the  filtrate  till  it  exhibits  an  alkaline  reaction  ;  and,  the  precipi* 
tate  being  separated,  the  excess  of  lead  is  remored  by  aulphydric,  or  more  conveniently 
by  snlphnrio  add  ;  ammonia  then  precipit«t(?8  the  t  b  e  b  a  i  n  e,  still  mixed  with  resinous 
inntters,  front  which  it  may  be  separated  by  cr^talliimtion  from  alcohol ;  it  can  th^xi  be 
deooloris^l  by  animal  charcoal.  Papaverine  maybe  extracted  fmm  the  lead -pre- 
eipitate  by  digesting  it  in  alcohol,  evaporating  the  Eqnid,  treating  it  with  hydruchJuric 
aadi  flltem2gnt>m  resin^  eoncentrHting,  and  leaving  the  solution  toitaelfforsome  time^ 
when  the  sparingly  soluble  hydrochlorate  of  papaverine  slowly  cryatalhsea.  From  this 
salt  the  base  may  be  obtained  in  a  state  of  punty  by  precipitation  with  ammonia  and 
crystallisation  fitim  spirit 

The  moihei^liqaor  from  which  the  precipitate  of  these  bases  has  been  separated  con- 
tains narceine  and  meconin^  with  a  smitll  quantity  of  papaverine.  On  oonoentrating  it, 
narceine  separates  in  abnndajice,  and  is  easily  obtained  pure  bv  washing  with  a 
smaU  quantity  of  cold  water,  and  mstaJliaing  two  or  three  times.  A^er  concentrating 
the  liquid  till  the  naioeine  is  completely  separated,  the  residue  is  repeatedly  agitated 
with  jf  of  its  volume  of  ether  at  26^,  whi*?h  extracts  me  con  in,  txjgpther  with  a  litlJe 
papaverine ;  and  the  ether  is  distilled  off  from  the  eitractJ*,  a  brown  aynip  then  remain- 
ing. On  treating  this  sjrmp  with  hydrochloric  acid,  papaverine  dissolves,  and 
meconin  remains  in  the  form  of  a  dark  grey  crystalline  powder,  which  may  be  freed 
from  reein  by  repeated  crystalliaation  fitim  boiling  water  with  addition  of  animal 
eharooaL 

For  Pell  eti  e  r'  s  method  of  sepaiating  the  several  oonstitnents  of  opium,  see  Gmelin*$ 
Handhitok^  xvi,  420.  For  the  estimation  of  morphine  in  opium,  ihid,  p.  423,  or  this 
Dictionary,  iii-  1063. 

On  the* microscopic  appearances  of  the  several  constituents  and  medicinal  nreparn* 
ttons  of  opium,  see  Deane  and  Brady  (On  Mieroacopkul  Hf starch  in  rtlattom  t^ 
Pharmacy,  Chem.  Soc.  J.  xviii.  34);  slso  Helvig  (DaA  Mikrosoop  in  der  TMcok^ 
Mainis,  1864). 

The  following  table  exhibits  the  composition  of  five  sorts  of  Smyrna  opium  as  deter- 
mined by  Mulder  (Handw,  d,  Chem,  v.  721). 
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Analyses  of  Smyrna  Opium. 


Morphine 

10-8 

41 

99 

2-8 

8-8 

Codeine   .        ,        .        . 

07 

0-8 

0-8 

0-9 

0-6 

Narootine 

6-8 

8-2 

9-6 

77 

6-6 

Napceine  . 

67 

7-6 

77 

9*9 

18-2 

Heoonin  .        .        .        . 

0-8 

0-8 

0-3 

1-4 

0-6 

Heconie  add    . 

61 

40 

7-6 

7-8 

6-6 

Fat. 

2-2 

1-4 

1-8 

4-2 

1-6 

Caoutchouc 

60 

6-0 

37 

8-8 

8-2 

Resin 

8-6 

2-0 

41 

2-2 

1-8 

Gtunmy  extract 

25-2 

81-6 

21-8 

22-6 

257 

Gum 

10 

2-9 

07 

80 

0^ 

Vegetable  mucus 

191 

171 

211 

18-6 

18-0 

Water 

9-8 

12-2 

11-4 

18-0 

14-0 

Loss         .        .        . 

2-2 

2-6 

.    . 

27 

8-6 

100        100        100-5     100        100 
In  these  analyses  the  proportion  of  naiceine  appears  to  be  too  hi^ ;  possiUy  ik» 
thebaine  and  papaverine,  the  amounts  of  which  are  not  specified,  were  weignad  wxth  iL 
The  following  analyses  are  by  Schindler  {loe,  oit,) : 

piam 


Smjnu. 

Morphine 10*30 

Codeine 

Narootine 

Naroeine 

Meocmin 

Meoonic  acid 

Peculiar  resin 

Veoetable  mucus,  caoutchouc,  add  > 

nt,  and  vegetable  fibre  ( 

Brown  add  soluble  in  water  and  in  alcohol 
Brown  add  soluble  only  in  water,  and  gum 

Lime 

Magnena  

Alumina,  fnric  oxide,  silica, ) 

oaldc  ^ion>hate  ( 

Salts^  and  Tolatale  oil  (about) 


Opium 
fhrnCoa- 


0-25 
1-30 
071 
0-08 
470 
10*98 

26-25 

1-04 

4018 

0*40 

007 

0-24 

036 

90*76 


4*50 
0-52 
8*47 
0-42 
0*80 
4*88 
8*10 

1718 

0*40 

56-46 

0-02 

0-40 

0*22 

0*86 

96-78 


mm 

7*00 
2-68 


OVZUM  VAT.  Oily  acid  of  Cfpium,  C*H^*0?— This  substaooe,  disooyered  bj 
Pelletier,  is  obtdned  by  repeatedly  digesting  opium-marc  in  warm  akohol  of  spedfle 
flraTity  0*84,  filtering  each  time  after  cooling,  to  separate  the  depodted  caontehooc^  and 
distUling  the  alcohol  down  to  three-fourths,  filtermg  again  to  remove  the  narootine 
which  crystallises  out,  evaporating  the  filtrate  to  diynras,  asain  exhausting  the  residne 
with  hot  alcohol  of  specific  gravity  0*S4,  and  repeating  uiese  operations  till  all  the 
narootine  is  removed.  The  reddue  left  on  evaporating  the  filterea  solution  is  then  ex- 
haui^  with  boiling  water,  and  afterwards  with  ether,  which  takes  m>  the  oilj  acid, 
leaving  opium-resin  undissolved.  The  ethereal  solution  when  evaporatea  leaves  the  cSij 
add  in  tne  liquid  form,  but  still  slightly  contaminated  with  narootine,  whidi  may  he 
removed  by  agitation  with  water  containing  a  little  hydrochloric  add ;  the  fiat  then 
floats  on  the  sur&ce  and  may  be  skimmed  ofi! 

Opium-fat  is  generally  yellowish  or  brownish,  the  colour  being  probably  due  to  im- 
purities. It  is  soft,  almost  liquid,  has  a  sharp  burning  taste,  and  an  add  reaction  not 
removed  by  repeated  washing.  It  dissolves  in  alcohol,  ether,  and  oils,  and  forms  soaps 
with  alkalis.    (Pelletier,  Ann.  CL  Pharm.  1.  276.) 

OVZUM-MASO.  The  residue  of  opium  left  after  removal  of  the  meeonates  of 
morphine  and  codeine  and  other  salts  solujble  in  water. 

oyzuK-sasxv.  C^"NO*?->This  substance,  the  preparation  of  which  has 
been  described  in  connection  with  opium-fat,  is  brown,  destitute  of  taste  and  odour, 
and  becomes  neariy  fluid  when  warmed.  At  a  hi^er  temperature  it  swells  up 
■trongly,  ^ving  off  large  quantities  of  empyreumatic  oil  and  combustible  gasea.  It  la 
insoluble  m  water,  soluble  in  alcohol  and  in  alkalis.     (Pelletier,  loc,  ciU) 

WOBAligAM,    Syn.  with  Mecca  Balsam  (see  Balsams,  L  496). 

OVOSBZAOO.      ZAnimentum  saponato-camphoratum, — ^A    solution  of  soap  in 
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fkloohol,  with  the  udditioii  of  cmmpbof  Atid  roktU?  oils.  It  is  ttied  extera^m^  agaitiBt 
rbeumAttc  i>*\im,  spraioii,  bnii^M,  Mid  oih«r  like  oomplAmtg. 

OPOPiur  A3L.  A  concrete  gmmnj  radooiu  juice,  obtain(Kl  from  tb<?  roots  of  an 
unibeLlifen/iib  pbrnt^  th*?  PoMtinan^  Opopanar,  L,  Opapanojt  Chiron iuM,  Koch,  wbieh 
prows  ■poDUnBou&ly  in  the  warmer  couotne«,  aud  bean  the  colds  of  our  climHte.  The 
luice  is  brought  from  Tarkt^  and  the  East  Indies,  sometimee  to  round  drops  or  tean« 
out  more  oomjnonly  in  irregnUr  lump,  of  a  r«ddish-yellow  colour  oo  the  ouUide,  with 
■pecks  of  white ;  inwardljr  of  a  paler  colour,  and  frequently  variegated  with  large 
white  pieens.  It  has  a  peculiar  strong  smell,  and  a  bitter^  acrid^  somewhat  nauseous 
taste.  Its  oonstitaeiitfl  mre,  resin  42^0  per  cent.,  gum  33'!,  ligneous  matter  9*3,  starch 
4%  malic  acid  2*8,  extnctiTe  matttv  1*6,  wax  0^3,  caoutchouc  a  trace,  Tolatlle  oil  or 
loos  3-9.     (Pelletier.) 

The  resin  of  opopanax  melts  at  lOO'^^  docompoaes  at  a  somewhat  higher  temperature, 
and  contains,  according  to  Johnston,  6  3 -2 — 64*0  per  cent  carboii  and  6  7  hydrogen, 
ilgreeing  approziniAt«lj  with  the  fbnnuU  C»Ji**0'  (63  3  C,  6  4  H,  and  29  8  O). 

OVBIKOMi.  Betidaut's  name  for  partiallj  altered  Fowlerite  firam  Franklin,  New 
Jersfy. 

OWULM^m     See  Cmct  (i  1 002). 

os.ajrexTS.    SeeTuMom 

omosZV.  C»H^"0".  JAchen-rfd,  FUehUnroth.  (Bobiquet,  Ann.  CL  Phys, 
[2]  xlii.2-15  ;  Iviil  320.— Herr<*n,  Schw,  J.  lix,  336.— Dumas,  Ann.  Ch-  Piiarm.  ix^-ii, 
H5.— Kstie,  PhiL  Tna%  ISIO,  p.  285.— Laurent  and  Gerhordt,  Ann.  Ch.  Phys, 
[3^  jcxiv.  315.)— A  compound  toned  from  orcin  by  the  action  of  ammonia  and  oxygen. 
It  IS  prepared  as  follows:  n  smaU  dish  containing  powdered  orein  ifi  [)kced  abore  a 
Teftel  oootainiog  strong  ammoiuiw  and  the  whol(>  is  cotered  with  a  l^eU-jur.  In  the 
ootine  of  24  hours  the  tmnslbmuition  is  complete.  The  product  mny  thpn  be  dis- 
■olTod  in  water,  and  poured  into  a  solution  of  hydrochloric  ucid  which  precipitates  the 
cneein  in  red  flocks,  ot  a  fine  red  colour.  Orcein  is  present,  together  with  otncr  oolour- 
11^  matters,  in  the  ^irchil  of  commerce. 

Orcein  is  uncrystallisable.  It  dissolves  sparingly  in  wfttcr,  imparting  bowercr  its 
colour,  and  is  precipituted  from  I  ho  sc^lutiou  b^  neulntl  salts.  It  is  veiy  soluble  in 
a/cohoi,  forming  a  deep  scarlet  solution  from  which  it  ia  precipitated  by  water.  It  dis- 
BolTflii  in  aqueons  fixed  alkaOs  with  violet-red  colour:  the  ammonical  solution  ia  of  a 
Ycr?  rich  pansy  colour.  Orcein  is  sepanited  by  acids  from  its  combinations  with  nlkoHs. 
8mpkifh  of  amitmnium  destroys  the  colour  of  the  ammoniacal  solution,  prodt\cing  a 
brownish'black  liquid,  which,  howerer,  recovers  its  red  colour  on  exposure  to  the  air. 

When  a  piece  of  ^inc  ib  plunged  into  an  ammoniacal  eolution of  orcein  to  which  a  slight 
exoesif  ol  hydrocbloric  acid  has  been  added,  the  liquid  is  completely  decolorised,  and 
when  mixed  with  a  certain  qnantity  of  ammonia  deposits  a  white  powder,  leucorcein, 
which  by  contact  with  the  air  soon  assumes  a  deep  purple  tint. 

Orcein  mixed  with  water  or  disoolrod  in  ammonia  is  comrprled  by  contact  with 
cklorine,  into  ch  lororcein,  which  is  soluble  in  alcohol,  ether,  and  in  ammoniacal  water, 
colouring  tlie  Inst-mt  ntioned  liquid  brown. 

OUCSS^&A  ^7BB3>8.  The  eylindrieal  and  flat  species  of  Moceelta  used  in  the 
manufacture  of  orchil  and  cudbear  are  so  called  by  the  makiPTW  (see  Ur^s  IHct  of 
AtU,  ,fe.,  ill  311). 

OACKX&.  8yn.  with  Aschil  (i.  35^). — An  improTed  method  of  preparing  tliis  dye, 
introduced  by  I>r.  Stenhouw,  consists  in  treating  the  colour-yielding  lichens,  on  &e 
spot,  with  an  allcsli  (potash  or  lime)  to  extract  the  colouring  acids,  and  prc^^ipitating 
theae  acids  with  hydrochloric  or  acetic  acid  ;  they  are  thus  completely  separated  from 
the  woody  fibre  and  other  impurities. 

Bfspecting  the  improved  orchil-dye  called  "  French  Purple,"  see  Dtkixo  (ii,  3A6), 
also  Hofmaon's  Erport  on  Chemical  Products,  ^c,  in  ikt  Int€maii<mal  Exhilntion  ojf 
1802,  p  117. 

OBCBIB.  The  root  of  OrchU  fusca  contains  coumann,  2  47  grammes  of  which 
may  be  obtained  from  a  kilogramme  of  it.     (G.  and  C.  Bley,  Jahresbw  18^7,  p«  484.) 

omCTV.  C'H*n=.  {Robiqu^t,  Ann.  Ch.  Phys.  [2]  xUi.  246;  Iviii.  320,— 
Liebigand  Will.  Ann.  Ch.  Pharm.  xxrii,  147.— Dn mas,  ifdd.  xxm  140.— 
8chunck,  ifiid.  xli.  169  ;  liv.  269.— Gerhard t,  Compt.  chim.  1845,  p.  287.— 
8teii house,  Phil.  Trans.  1848,  p.  B6;  Ann.  Ch.  Hiarm.  Ixriii,  93,  99;  Proc.  Roy. 
Soc,  xii.  263  ;  Chr^m.  Soc,  J.  x\T  327.— De  Luynee,  Ann.  Ch.  Pharm.  cxxnii.  830 ; 
cxjuc.  31. — Lampnrter,  ilfid.  cxxiir.  256.^um.  xii.  363— Gerh.  iii.  810.) — This 
Bubfttnncp,  discovered  in  1829  by  Eobiquet  in  Variolaria  dtalhata,  appears  fo  eiist 
reftdj  l>jniied  in  ull  th**  lifhens  used  for  the  preoarution  of  archil  and  litmu».  It  is 
formed  artifieiully  i  1.  By  boiling  ortjellic  acid  with  wnter,  »ind  therefore  also  by  boiling 
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lecanoric  ro-orscllic)  acid,  erythric  acid  (erythrin),  picroeiythriii,  or  eTemic  acid,  with 
aqueous  alkalis,  these  latter  substances  (except  picroeiythrin),  being  first  oonTerted  into 
ors^c  acid.    Its  formation  from  orsellic  acid  is  represented  by  the  equation, 

C»H«0*    -    CTHW  +  C0«; 
OneUkadd.  Ordn. 

from  picroerythrin  by  the  equation, 

C»«H»«0'  +  HK)    -    C*WH)*  +  CBH)*  +  C0« 
*  Picroerytlirin.  Erythro-  OrciD. 

mannita. 

2.  By  the  dry  distillation  of  lecanoric  add,  erythric  acid,  eTemic  add  or  picroezythiin. 

3.  Together  with  paraoxybensoic  add,  by  melting  aloes  with  hydrate  of  potaadum 
probably  thus : 

c'»H»«o»  +  o   -   c»HK)«  +  cmny  +  co«  +  BPa 

AloeraUe  Ordn.  Paranxy. 

add.  beoxoicadd. 

A  pound  of  aloee  thus  treated  ^rields  from  9  to  11  grammes  of  ardn.  (Hlaai wets  and 
Barth,  Ann.  Ch.  Fharm.  cxzziv.  287.) 

Prtparation. — 1.  Dr^  Varioiaria  tUalbata  is  exhausted  with  boiling  alcohol;  the  solu- 
tion freed  by  evaporation  and  cooling  from  the  redn  which  separates;  the  remaining 
liquid  eyaporated  to  an  extract ;  and  this  extract  exhausted  with  water.  The  aqueous 
solution  evaporated  to  a  syrup,  depodts  after  a  few  days  crystals  of  ordn,  which  may  be 
purified  by  reerystalliBOtion  from  water,  with  addition  of  animal  charcoal,  during  wmdi 
operation,  however,  the  diaiooal  absorbs  a  condderable  quantity  of  ordn.    (Bobiquet  j 

2.  A  roccella  or  a  lecanora  is  macerated  with  miUc  of  hme ;  the  strained  liquid 
boiled  for  a  fr w  hours  in  an  open  vessel,  and  evaporated  to  one-fburth ;  carbonic  add 
gas  passed  through  it  as  long  as  a  predpitate  of  caldc  carbonate  continues  to  finm ; 
and  the  filtrate  evaporated  to  dryness  over  the  water-bath.  The  reddue  is  boiled  with 
three  or  four  times  itsbulk  of  strong  alcohol ;  the  solution  evaporated,  filtered  and  set  aside 
to  ciystaiUise ;  the  dark-coloured  crystals  are  dried  after  three  or  four  days  between  paper 
and  dissolved  in  three  or  four  times  their  volume  of  anhvdrous  ether ;  and  the  filtered 
solution  is  left  to  evaporate  in  vacuo.  The  large  six-sided  crystals  thus  obtained  be- 
come still  paler  by  oystallisation  (Stenhouse).  This  method  is  well  adapted  for 
preparation  on  the  large  scale.  De  Luynes  recommends  heating  erythric  add  (the 
extract  of  Roccella  tinctorial  &c.)  with  lime  to  150°  under  pressure. 

Perfectly  colourless  ordn  may  be  obtained  by  the  foUowinff  methods :  8.  OrseOic  or 
erythric  add  is  boiled  with  water  for  half  an  hour  or  an  hour,  wherei^Mm  a  large 
quantity  of  carbonic  anhydride  is  given  oi!^  and  the  evaporated  solution  f  mixed  perh^a 
with  animal  charcoal)  d«podts  on  cooling  a  large  quanti^  of  colouness  cnrstals  of 
ordn  (Stenhouse). — 4.  Lecanoric  add  (or  its  green  mother-liquor)  is  boiled  wiUi 
strong  bai^ta-water ;  the  baryta  predpitated  by  carbonic  add ;  and  the  haxdd  heated 
to  the  boiling  point,  then  filtered  and  left  to  evaporate.  The  crystals  thus  obtained  are 
usually  coloured,  but  may  be  purified  by  boiling  with  aluminic  orforric  hydrate,  which 
takes  up  the  colouring  matter.  ^  If  the  ordn  still  remains  coloured  it  must  be  distilled 
ftom  a  retort,  the  distillation  beinff  interrupted  as  soon  as  the  ordn  vapours  be^  to 
cany  colouring  matter  over  with  tiaem.  The  aqueous  solution  of  the  distillate  yields 
colourless  crystiJs  by  evaporation  (Schunck).  See  also  Lamparttr  (Ann.  Clu 
Pharm.  cxxxiv.  266> 

Properties, — Ordn  crystallises  firom  its  aqueous  solution  evi^rated  to  a  syrap  in 
eblounesB  six-dded  monoclinic  prisms,  exhibiting  the  combination  odP  .  ooPoo  . 
—  Poo ,  sometimes  with  oP.  Angle  ooP :  ooP,  in  the  orthodiagonal  prindpal  section 
«  102<>  24';  odPoo  :  oP  -  83<>  57';  odPoo  :  -  Poo  -  136''  16'.  aeavage  parallel  to 
ooPoo .  The  crystals  are  very  soluble  in  water  and  in  alcohol;  they  dissolve  also  in 
ether.  The  aqueous  solution  is  neutral  to  test-paper,  and  has  a  strongly  saccharine,  soma- 
what  nauseous  taste.  The  crystals  depodted  from  it  contain  1 2*67  per  cent  (1  at)  water, 
which  they  give  off  entirely  in  vacuo  over  oil  of  vitriol,  or  at  the  temperature  of  the 
water-batL    From  anhydrous  ether,  orcin  is  deposited  in  anhydrous  crystals. 

Hydrated  ordn  mdts  bebw  100°,  giving  off  its  water  of  crystallisation.  Anhydrous 
ordn  heated  quickly  to  290°,  distils  in  the  form  of  a  syrupy  liquid,  which  gradually  ab- 
sorbs moisture  from  the  air  and  becomes  crystalline.  When  gently  heatM  in  shallow 
vessels,  it  may  be  sublimed  in  needles.  Its  vapour-dendty,  according  to  I>umas^ 
determination,  is  5*7,  which  a^;rees  exactly  with  that  required  by  calculation. 

The  aqueous  sdution  of  oran  is  not  predpitated  by  mercuric  chloride,  neutral  acetate 
of  lead,  cupric  sulphate,  gelatin  or  tannin.  With  baiic  acetate  of  lead,  however,  it  gives 
a  white  precipiUte  which  appears  to  contain  C'H«Ppb''0"JPpb''0 ;  and  is  likewise  pro- 
duced on  adding  nitrate  of  l«ul  to  an  ammoniacal  solution  of  orcin.  With/erric  chloride^ 
it  forms  a  dark  red  or  nearly  black  predpitate,  from  which  ammonia  extracts  orcin. 
It  does  not  predpitate  nitrate  ofHlver  except  on  addition  of  ammonia. 
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Melied  orcin  dccompoeiMi  dry  carttonaU  of  sodiuni^  witB  cvoTauoH  of  c&rfxjnic  anliy- 
dtidfli  Aquf^uB  orcin  udded  to  a  solution  at  silicaU  of  sodium ^  pnecipitat(^««  Hiliea;  Hod 
m  CfysUl  of  OKID  thrown  into  a  boiling  solution  of  eodic  silioat^  is  converted,  wirhoat 
ftlteTution  of  form,  into  gelatinous  iilica.  A  conceDtratt^  and  ^.lightly  acid  solution  of 
§ulphtU4  ofqyimnt  arcinck^ninr  becomes  turbid  when  mixed  withaeoncentraled  aqueous 
•iiwttoii  of  Mcint  with  sepuration  of  an  oily  compound  of  the  boM  with  orcm  which 
iMeM&tti  seofl/  iolid  on  exposure  to  tbf!  atr*     (De  Luynes.) 

DrcomptmtwnM.'-^l,  Orcin  mduallj  turns  red  in  contact  with  otV,  Mpcdally  in 
sunlight, — 2.  Orcin  dissolves  m  nttric  acid,  and  on  hinting  the  solution  nitrons  fnmefl 
are  erolved,  the  liquid  turning  r&df  and  depositing  a  red  resinous  substance  soluble  in 
alcohol  and  in  acids.  If  the  action  of  the  add  bo  prolonged,  the  pn>duct  is  wholly  cou- 
Y€ft^  into  oxalic  acid.  Orcin  takes  fire  when  ver^  «ttrong  nitric  add  is  poured  upon 
itf  but  when  it  is  gradually  added  to  cooled  fummg  nitric  acid,  it  dissolves  witlu>ut 
ttTolution  of  red  fapours,  and  water  |)recipitate9  from  the  solution  a  red  mass  soluble 
in  alkalis.  When  the  vapour  of  ordinary  nitric  add  (of  40°  Bm.)  is  made  to  act  slowly 
upon  orcin,  the  crystals  become  first  brown,  then  red,  and  are  conrerted  into  a  eolour- 
iQff  matter  difTerent  from  orcein.  This  red  product  is  soluble  in  water^  alcohol  and 
«tEer;  dyea  silk  and  wool  red  withonl  the  aid  of  a  mordant;  is  coloured  ti%nsienTl/ 
red  by  ammonia,  permanently  by  fixed  alkalis,  and  is  restovied  to  its  Qriginal  light  red 
colour  by  the  action  of  acids,  Us  aqueous  solution  is  predpitated  bv  oommon-wlt,  but 
the  colouring  matter  redissolves  In  water  after  the  salt  nts  been  washed  out, 

3.  Orein  heated  with  solution  of  acid  ehromate  of  pota$*inm^  yields  a  brown  sub* 
stance  whose  decomposition  is  accelerated  by  addition  of  sulphuric  add. — -4.  Solntion  of 
cA/ori<i!e  o^ /tm«  colours  ordn  deep  violet^  the  tint  gradnally  changing  to  brown,  and 
ultimately  to  yoUow. — 6.  The  aqueouji  solution  of  orcin  mixed  with  c;auNfLc  potash  or 
BodOf  quickly  attracts  oxj^gen  and  acquires  a  red  or  brown  colour. — 6.  Bty  atmrnmia 
goM  is  absorbed  by  ordn  in  lam  quantity,  but  is  given  off  again  on  exposure  to  tha 
Air.  When  orcin  b  placed  under  a  bell-jar,  together  with  a  basin  containing  agu$0UM 
ammoniat  it  gradually  turns  dark  brown,  and  is  converted  into  orcein  (p.  211). 

C'H*0*  +  NH»  +  0«    -    C'H'NO*  +   2H«0. 

7.  The  predpitate  which  orcin  fonna  with  ammonio-nitrate  of  nl*fer  is  xcdii6ed  by 
boilingp  with  formation  of  a  silver  spcculiim,  the  liquid  at  the  same  time  tnming  red«^ — 
8.  TH-ckhride  qfgold  is  fednoed  oy  aqueous  ordn»  slowly  in  the  cokl,  immi^iiately 
when  heated^  a  dark  brown  powder  separating  at  the  same  time,    (Schunck.) 

9.  Orcin  heated  to  60^ — 80°  with  strong  tutpkMrie  acid  is  paiil^  converted  into 
o  re  i  n  -s  u  1  ph  u  r  ic  acid,  C^H^SH)*,  On  diluting  the  resulting  bhbck  hqnid  with  water, 
satuzmdng  with  carbonate  of  lead,  and  quickly  evaporating  over  the  water-bath,  a  crys- 
tailioe  nuias  is  obtained  consisting  cbielly  of  unaltered  ordn ;  and  when  this  is  re* 
movfid  by  digestion  with  ether,  a  residue  is  left,  the  hot  aqueous  solution  of  which 
SHtunited  with  carbonate  of  lend  and  filtered,  deposits  after  a  few  hours,  brownish, 
nacreous,  rectangular  lamins,  condstinAE  of  basic  orcin-eulphate  of  lead,  G^H*Pb"£r'0*. 
Pb"H'O'.|H*0*  The  mother-Liquor  ot  these  cxystala  yields  a  second  salt  in  micro- 
scopic pnams,  containing  2C^H«Pb''SH)^Fb''HH>^3HK).  (Hesse,  JahresK  1861, 
F.  701.) 

8uh»tiiution'dfHt}ctivf$  of  Ordnn 

Ordn  forms  substitutiou-denvatives  with  chlorine,  hromnft  and  iodine.  The  chlo- 
rinated and  brominated  compounds  are  obtained  by  the  direct  action  of  chlorine  and 
bromine  on  ordn,  the  iodine-eompound  ((?  114*0')  by  theactionof  trichloride  of  iodine: 
iodine  iti»elf  does  not  ad  upon  ordn. 

Bromoroiii.  (PWBrO^,  {Lampartcr,  Ann.  Gh.  Pharm.  cxxxir.  258.)^-^ObtaiQed 
by  adding  breniiDP-water  to  squeoutt  ordn,  so  long  as  little  or  no  precipitate  is  thon^by 
protilueed,  or  better,  by  mixing  the  two  liqttids  in  quantitieB  containing  2  at.  bromine 
to  1  at.  orcin.  The  retrulting  solution  yields  by  eraporatiou  hard  anhydrous  rhombic 
crjBtala  of  bromorein,  which  may  he  punfuMl  by  recrystaHisution  from  water. 

Bromorcin  Is  moderately  soluble  in  hot,  k^sa  solubl*?  in  cold  wattr,  extremely  sol- 
uble in  aicohol  and  ether.  Caustic  potash  diasolves  it  with  decomposition  and  brown 
coloration.  It  melts  at  135^,  be^ns  to  sublime  below  100°,  and  decomposes  at  higher 
temperatures.  When  mixed  with  basic  a^ate  of  Itad^  it  yields  a  whit^  predpitut(% 
from  which  it  is  separated  in  its  original  state  by  sulphydric  acid. 

TiibromoreliB.  C^H^Br'O*  Bromarcrid.  (3tenhouse,  PhiL  Trans,  1848,  p.  87. 
— Laurent  and  Gerhardt^  Ann.  Ch.  Phys.  [3]  ndv.  3l7.^Lamparter,  Ann.  Ch. 
Phano.  czsuciT.  257.) — This  compound  is  formed,  together  with  a  brown  resin,  when 
bromine  in  excess  is  added  to  orcin  or  its  concentrate^  aqueous  solution  (Sten  house; 
L  li  u  r  e  n  t  and  G  e  r  h  a  r  d  t ) ;  but  by  adding  bromine- water  to  an  aqueous  solution  of  ordn 
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the  same  compound  is  obtained,  uncontaminated  with  resiii,  as  a  nearlj  odoiiriess 
crystalline  precipitate,  which  may  be  further  purified  by  rectystaUisatioii  firom  weak 
spirit  (Lam parter).  It  is  also  produced  by  the  action  of  l»omine  on  anellie  add. 
(Hesse,  Ann.  Ch.  Pharm.  cxvii.  297.) 

Tribromorcin  crystallises  in  fine  colourless  silky  needles  (Lamparter),  in  reddish- 
white  prisms  (Hesse).  It  melts  at  103^  (Lamparter) ;  at  98^  (Hesse).  It  ia insol- 
uble in  water,  yery  soluble  in  alcohol  and  ether.  It  decomposes  at  high  tempesmtims^ 
givine  off  hydrobromic  acid,  and  yielding  an  oily  distillate  which  solidifies  on  oooling; 
togjether  with  a  copious  residue  of  charc(^  Potash  poured  upon  tribiomoicin  ookmra 
it  cieep  violet-brown,  and  on  diluting  with  water,  the  whole  aissolves  with  farownlsh- 
red  colour.  Amnumia  does  not  pr^uce  this  coloration.  Acids  destroy  the  oolomr  of 
the  potassic  solution. 

Iribromorcin  treated  with  bromine  yields  an  easily  fbsible  resinous  mass  having  an 
extremely  disagreeable  punsent  odour,  and  probably  identical  with  the  reainoQa  body 
obtained  by  Stenhouse,  and  by  Laurent  and  Qerhardt  in  the  prepaxataon  of  tribio- 
mordn.  1  at  orcin  treated  with  4  at.  bromine  also  yields  a  black  zennoos  maaiL 
(Lamparter.) 

THohlororolB.  CHK^K)*.  Chlororeeid  (Schnnck,  Ann.  Ch.  Pharm.  fiy.  271. 
-^tenhouse,Phll.  Trans.  1848,  p.  88.— DeLuynes,  Ann.  Ch.  PhamLCxn.  S4).— 
Stenhouse  and  Schunck,  by  treating  ordn  with  chlcmne  gas,  obtained  ft  cmtallme 
chlorinated  compound  contaminated  with  a  dark  brown  resin,  somewhat  diAeiilt  to 
separate ;  the  crystalline  product  was  not  analysed.  De  Luynes,  by  treating  orain  with 
hydrochloric  acid  and  chlorate  of  potassium,  obtains  a  product  having  the  same  pl^jneal 
properties,  uncontaminated  with  resin,  and  exhibiting  by  analysis  the  oom^oeition  of  tri- 
chlororcin.  It  is  soluble  in  boiling  water,  and  in  alcohol,  from  whidi  it  oyitallisea 
in  colourless  needles ;  melts  at  about  169^ ;  volatilises  partially  without  deeompodtJcn ; 
dissolves  in  alkalis  ;  does  not  precipitate  an  alcoholic  solution  of  silver-nitzate. 

m-todorelB.  C^*IH)*  (Stenhouse,  Chem.  Soe.  J.  xvil  327]^— Produced  bj 
the  action  of  trichloride  of  iodine  on  aqueous  ordn.  The  trichloride  is  added  to  the 
dilute  aqueous  solution  in  quantity  not  quite  suffident  to  precipitate  the  whole  of  the 
ordn ;  the  brownish-yellow  adhesive  mass  which  collects  at  the  bottom  is  washed  witli 
water,  dried,  and  dissolved  in  sulphide  of  carbon ;  and  the  solution  is  filtered  to  aeponte 
a  dark  brown  rednous  substance ;  the  sreatcr  part  of  the  sulphide  of  carbon  ia  then 
removed  by  distillation,  and  the  ciystab  obtained  on  the  cooling  of  the  solution  are 
drained  from  the  dark  mother^liquor,  washed  with  a  small  quantity  of  oold  sulphide 
of  carbon,  pressed  between  bibulous  paper,  and  twice  reczystalhsed  from  boiUng 
spirits 

Tri-iodorcin  thus  obtained  crystallises  in  large  transparent,  brittle  {^otea,  tinged 
with  brown,  and  somewhat  resembling  chloride  of  barium.  They  are  y&cy  BMbUe  in 
sulphide  of  carbon,  still  more  so  in  ether,  modoratdy  soluble  in  aloc^iol,  msohiUe  in 
water.  Heated  to  100^  they  gradually  become  brown.  They  dissolve  in  canstie 
alkalis,  decomposing,  however,  and  forming  deep  brown  solutions.  Strong  nitrie  add 
decomposes  them,  slowly  in  the  cold,  rapidly  on  heating;  with  evolution  of  nitrooa 
fhmes  and  iodine  vapour.  Sulphuric  acid  does  not  act  upon  them  in  Uie  cM,  but  on 
the  application  of  heat  the  crystals  char  and  give  off  vapour  of  iodine. 

Compounds  homologous  with  Ordn, 

Beta-oroin.  C«H'W?  (Stenhouse,  Phil.  Mag.  [3]  xxxiii.  300;  Ann.  Ch.  Pharm. 
Ixviti  104). — This  compound  is  produced  from  usnic  ado,  by  the  action  of  heater  by  boiling 
with  caustic  alkalis  or  alkaline  earths.  Usnic  acid  submitted  to  diydistfllation  yields 
a  sublimate  together  with  an  empyreumatic  liquid  and  a  large  carbonaceous  residueu 
On  treating  the  entire  distillate  with  water  and  evaporating  to  a  syrup,  the  rendue 
deposits  after  some  days  brown  crystals  of  /3-ordn,  which  may  be  purified  by  treatment 
with  animal  charcoal,  and  repeated  crystallisation  from  weak  spirit.  The  treatment  of 
usuic  acid  with  alkalis  is  a  less  advantageous  mode  of  preparation,  as  a  considerable 
portion  of  the  product  is  then  converted  into  redn. 

Beta-orcin  forms  shining  crystals  belonging  to  the  dimetric  ratem,  and  often  of 
considerable  size.  Observed  combination  ooP  .  P  .  iP  .  oP  .  oepoo  .  Poo .  Angle 
JP:oP  =  1300  67';  P:oP  =  1130  27';  Poo  :  oP  «  1200  31';  P :  ooP  «  16fi0  33'; 
IP:  oeP  =  189°  3';  Poo  :  ooPoo  =  148*  29'.  No  perceptible  deavage  (Miller). 
It  is  moderately  soluble  in  cold  wattT,  but  less  so  than  orcin,  easily  soluble  in  boilins 
water,  ^Iso  in  alcohol  and  in  ether.  It  has  a  slightly  saccharine  taste,  and  is  neutral 
to  reagents.  It  sublimes  unaltered,  easily  takes  firo  and  bums  with  a  madky 
fliame. 

Dried  in  vacuo,  it  gave  by  analysis  68*84 — 69-20  per  cent  carbon,  and  7*22 — 7*60 
hydrogen,  whence  Stenhouse  deduced  the  formula  C"H**0*,  requiring  68*68  0.  7*22  H, 
and  2410  0.     Oerhardt  {Traite,  iii.  321)  proposed  the  fonnulaC*H**0'  (requiring 
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C,  7'24  n^  ftod  23'20  0),  nceording  to  wbich  the  compoanil  is  homologous  with 
ordti,  and  iD«t&m«no  with  a&itic  aleohoL  8t reck er  (Ann.  Ch.  Pharm.  Ixviii.  114) 
had  pTVTiously  suggest*^  the  fommk  2C*^H«»0*.3H'0  (requiring  1387  C,  aDd  7*1  H), 
Aocofding  to  which,  ita  formAdoa  from  usoic  acid  (suppcwiiiA  Um»  Jjitter  to  b«  C^'E**0') 
would  bu  f«p»Meiited  by  the  eqa;xtioa  :  C**H'*0'  -  C''H'«0*  +  2C0*. 

Th«  erjrstalfl  of  ^-orctii  do  not  lose  any  tiling  in  a  racaum  over  oil  of  ^-itriol ;  but 
when  heated  ov^r  the  watei^bath,  they  give  off  a  coasiderable  quantity  of  wat«r.  They 
do  nol  melt  at  lOi)^ 

Bota^oreio  tnated  with  ammimia  a<5qiiires  a  aplendid  red  colour  in  a  few  minute, 
the  effect  taking  place  much  more  quickly  than  with  orcia  With  aolutiou  of  k^draU 
or  carbonate  cf  poi^s^ium,  it  foroia  a  aubetance  of  a  fine  purple  colour.  Solutioo  of 
cMloride  qJ  Umt  colours  it  blood-red,  not  violet  like  orcin. 

The  alcoholic  solution  of  3-orciu  docj  not  precipitate  silver-Ditrate^  either  pure  07 
mixed  with  ammonia,  nor  the  salta  of  barium,  lead,  iron,  or  copper.  It  aoe«  not 
predpttate  neutral  acetate  of  lead,  bat  with  the  hath  acttate^  tt  forms  a  coptotui 
precipitate  which  ia  Bi>luble  in  excess  of  the  lead-soluttoUf  and  quickly  acquires  a  doep 
red  colour  on  expoaure  to  the  air, 

%  meaoroln.  C*HW  (Hlasiwetx  and  Bartb,  Asm,  Ch,  Pharm,  cm.  354).— A 
compound,  ieomeric  with  pyrocatechin  and  hydroquinone^  produced  by  the  action  of 
loeltiDg  potash  on  galbanum.  To  prepare  it,  the  reffln,  freed  hy  alcohol  from  il» 
gummy  coofltituenta,  ia  fu^d  with  2|  to  3  pta.  hydrate  of  potaaeium  till  the  miLm 
becomes  homogeueoua.  Water  ia  then  added,  the  liquid  acidulated  with  sulphurie 
Mid,  and  filtered  when  cold ;  the  filtrate  ahaken  two  or  three  timea  with  ether;  the 
ethoral  boIuIioo  distilled ;  aod  the  reaidue,  after  bein^  evaporated  to  a  certain  extent 
over  the  water-bath,  ia  introdoced  into  a  retort  and  distilled  over  an  open  fire*  The 
llrat  portion  of  the  distillate  is  wateur  and  oontaiiia  volatile  acida ;  but  aAerwarda  an 
oily  liquid  posaea  over  which  soon  solidifiea  in  radiating  crystals.  The  product  may 
be  fkeed  fiom  adhering  votatile  acids  by  dissolving  it  in  a  small  quantity  of  warm 
water,  BUpcrsaturating  with  baryta-water,  and  again  agitating  with  ether.  On  remov- 
ing thf  ether  by  distulation*  there  remains  a  syrupy  nL>/!idue  which  soon  cryst&iliaes 
and  may  be  further  purifif'd  by  rediFtiLlation.  The  treatment  with  baryta  may  be  dis- 
pens*»d  with  by  repeatedly  distilling  with  the  thermometer,  and  collecting  only  those 
ptDrtions  which  pass  over  between  269**  and  272^. 

Re«»PMn  is  very  soluble  in  water^  aleohoi,  and  ether,  insoluble  m  sulphide  of  carbon^ 
and  in  chlorofonn.  It  cT^italliaos  only  from  very  concentrated  solutions,  in  tabular 
cry&tola  or  short  thick  prisma  belonging;  like  ordn,  to  tfie  tri metric  system.  Whea 
rei?ently  prepared  it  is  quite  coIoutImb,  out  Acquires  a  faint  r^ddiah  tint  ly  keeping  at 
by  exposure  to  the  air.  It  melts  at  99^,  and  begins  to  volatilise  at  a  sifghtly  hi^sr 
tenperature ;  boib  at  271^,  and  distils  almost  without  residue;  bums  with  a  bnght 
llune.  It  has  a  neutral  reaction  and  a  strong  unpleasant,  sweet,  and  somewhat 
irritJiting  taste.  It  gives  by  analysis  65*1  and  65*6  per  cent,  carbon  and  5*7  hydrogen, 
the  formula  requiring  65'5  C  and  5'5  H,  Vapour-density,  obs,  =  4*1 ;  calc,  ^  3*8  f  the 
r^dae  in  the  globe  was  daik  brown,  the  substance  having  been  partly  decomposed  by 
the  hi^  temperature  required). 

The  aqueous  solution  forms  with  ferrk  chloride  a  dark  violet-coloured  liquid,  which 
on  addition  of  ammonia  deposits  ferric  oxide  and  l^ecomes  colourless.  Chhrid^  of 
lime  produces  a  violet  colour  not  very  permaoent.  The  solution  mixed  with  ammoni4t 
and  exposed  to  the  air,  becomes  rose- red,  afterwards  darker,  and  ultimately  brownish. 
The  ammoniacal  solution,  evaporated  at  a  gentle  heat,  dries  up  to  a  dark  blue  maso, 
which  redisBolves  in  wat^r  with  blue  colour,  and  is  reddened  by  aeida.  Beoorcin  re- 
ducr-e  nitrate  of  sil^ffr  at  the  boiling  heat,  on  addition  of  ammonia.  Heated  with  an 
alk&line  cupric  solution,  it  throws  <&wn  cuprous  oxide. 

TV^T'Omo^rfsorcin,  C*II"Br*0*,  is  precipitated  on  adding  bromine-water  to  an 
aqueous  solution  of  resorein,  in  small,  bulky,  interlaced  needles,  sparingly  soluble 
in  cold  watfT,  more  eaiiily  in  boiling  water,  also  in  alcohoL 

amm^^nr.  A  yellow  colouring  matter  contained,  together  with  bixin  (i.  600\ 
in  annolto.  It  is  soluble  in  water  and  in  alcohol,  slightly  soluble  in  ether,  and  dyea 
ahuned  goods  yellow.    (Chevreu  1.) 

OSSOBS&XW*  C^n*(P. — A  substance  isomeric  with  benzoic  acid,  obtained  :  1.  By 
treating  hydriK-hlorate  of  athamantin  with  boiling  water;  sometimes,  however,  this 
process  yields  oreoselone  (Schnedermann  and  Winckler,  Ann,  Ch.  Pharm.  li. 
Il5). — 2,  By  the  actitm  of  alcoholic  potash  ou  peucedanin  (Wagner,  J.  pr.  Chem. 
ItiL  275) : 

CitH«0»  +   KHO     =-     Cm*0^  +   C^ITKO'. 

pMiccilAnln.  Ofeoft«JUL         Angetate  ef 
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It  ciystalliaes  in  fine  silky  needles,  slightly  soluble  in  oold  water,  yenj  tdiible  in 
alcohol  and  ether,  also  with  yellow  oolonr  in  dilute  potash;  lew  easily  in  ainmonia,  the 
solution  yielding  a  yellow  precipitate  with  acetate  of  lead. 

OmMOmmXMMM,  Ci^H^H}*.— This  body,  the  anhydride  of  oreosdin  (2CH*0*  — 
H*0  »  C*^H**0*y  is  produced  by  the  decomposition  of  athamantin  (Sehnedermann 
and  Winckler,  (oc.  cit.): 

C»*H"»0*     -     C>*H»H)«  +  2C»H»H)« 
Athamaotin.  OreowloiM.        Valerianic 

add. 

To  prepare  it,  hydrochloric  acid  gas  is  passed  over  dry  athamantin  till  oompleta  Uqne- 
fBction  takes  place ;  the  mass  is  heatod  to  expel  valerianic  add ;  and  the  amospbons 
porous  mass  obtained  on  cooling  is  purified  by  oystaUisation  from  boiling  aloohol,  in 
whidi,  however,  it  is  but  slightly  soluble. 

Oreoeelone  crystallises  in  nodules  or  cauliflower-like  masses  composed  of  fine  needles 
grouped  concentric^y.  It  is  tasteless  and  inodorous,  insoluUe  in  water;  alkalis dia- 
Bolve  it,  forming  red  solutions  from  which  adds  precipitate  it  slightly  mndifled.  It 
melts  at  190^  to  a  dear  liquid,  which  carbonises  at  a  higher  tempevatnreu 

OBOAVZO  AMAXTBUL    See  Analysis,  Oboaioo  (i.  22^ 

OMUAMIO  CBBMISTST.  The  peculiar  character  of  the  chemieal  eomponnds 
formed  in  the  bodies  of  plants  and  animals,  and  the  frilore  of  the  eaxlier  atteai|it8 
to  produce  them  by  artificial  means,  led  to  the  erroneous  idea  that  their  fimnation 
was  due  to  a  mysterious  power  called  "  vital  force,"  supposed  to  rende  in  the  liring 
organism,  and  to  govern  all  the  changes  and  processes  takine  place  within  it  In  ae^ 
coidance  with  this  idea,  the  chemistry  of  organic  compounds,  indnding  tboee  which 
were  formed  by  artificial  processes  from  the  products  of  vegetable  and  aninial  life^  was 
erected  into  a  special  branch  of  chemical  sdence. 

Later  researohes  have  however  shown  that  a  laige  number  of  eomponnds,  fiormcrij 
regarded  as  produdble  only  under  the  infiuence  dt  the  so-caUed  vital  fera^  may  be 
formed  either  by  direct  combination  of  their  elements,  or  by  chemieal  timnslbmuition 
at  inoiganic  compounds. 

The  first  step  in  the  formation  of  organic  compounds  from  their  dementi,  was  made  bj 
Wo  hler,  who  showed  in  1828  that  urea  can  be  produced  b^  molecular  transfionnation  it 
eyanate  of  ammonium.  This  experiment,  viewed  m  conjunction  with  the  fiietsnbseqnentlj 
established  byFownesinl841,  that  cyan<wen  can  be  formed  by  direct  combination  of  its 
dements  (ii  198),  is  condusive  of  the  posdbiUty  of  forming  a  product  of  the  living  organism 
from  inorganic  materials.  At  the  time  of  Wohler's  disoovery,  however,  cyanogen  had 
not  been  obtained,  excepting  from  substances  originally  derived  from  the  vegetable  or 
animal  organism,  and  accordingly  the  idea  of  the  peculiar  nature  of  Ofsanie  eomponnds, 
as  essentially  products  of  life,  still  maintained  its  ground.  Even  in  the  first  volnme  of 
Gmelin's  Organic  Chemistiy  (published  in  1848)  we  find  it  stated  that  "the  bodies  of 
the  organic  kingdom  are  distinguished  from  those  of  the  inorganic  kingdom  by  their 
inheront  vital  force,"  although  in  the  course  of  the  same  volume^  severafinstanoes  are 
mentioned  of  the  formation  of  organic  compounds  from  inorsanic  in*«-^iwitl«,  ^ii. : — 1.  The 
formation  of  cyanogen,  as  above  mentioned,  by  pesdng  mtrogen  gas  over  e  mixture  of 
charcoal  and  potassic  carbonate ;  also  that  of  cyanide  at  ammonium  Inr  heating  a  mix* 
ture  of  sal-ammoniac,  plumbago  and  lime  or  oxide  of  lead ; — 2.  The  formation  of  oily 
and  mould-like  compounds  by  the  action  of  adds  on  carburetted  iron ; — 8.  The  fiorma- 
tion  of  the  add  CHCl'SO*  from  the  compound  001*30*  (itself  produced  b^  the  action 
of  chlorine  and  water  on  sulphide  of  carbon,  i.  776),  and  its  conrernon  mto  Cfl^SO* 
by  the  action  of  reducing  agents. — 4.  The  formation  of  tetrachloride  of  carbon,  0G1\ 
by  the  action  of  chlorine  on  disulphide  of  carbon ;  the  converdon  of  the  tetrachloride 
into  the  dichloride,  0'0l\  by  passing  it  through  a  red-hot  tube ;  the  formation  of  tri- 
chloracetic acid  (i.  877)  from  the  last-mentioned  compound,  by  the  action  of  chlorine 
and  water  in  sunshine ;  and  the  converdon  of  the  trichloracetic  into  acetic  add,  by  the 
action  of  reducing  agents. — 6.  The  formation  of  sulphocyanate  of  ammonium  by  the 
action  of  ammonia  on  sulphide  of  carbon. — 6.  The  formation  of  rhodisonic^  Cfoeonic 
and  oxalic  adds,  together  with  mould-like  substances,  in  the  ordinary  process  of 
preparing  potassium.  Gmelin  observes,  however,  that  on  the  whole  it  appears  thet  only 
the  lower  order  of  organic  compounds,  namely  those  which  contain  but  frw  atoms  of 
carbon,  can  be  formed  artifidally  from  inorganic  materials,  excepting  perhaps  the 
mould-like  substances ;  and  he  further  expresses  a  doubt  whether  all  carbon  eomponnds, 
even  sulphide  of  carbon,  carbonic  oxide  and  carbonic  add,  ought  not  to  be  reguded  aa 
organic. 

The  question  of  the  formation  of  organic  compounds  from  their  dements  has  however 
been  completely  set  at  rest  by  the  clasdc  researches  of  Berthelot,  who  showed  in 
1856  that  formate  of  potassium  is  produced  by  the  direct  union  of  caibonic  oxide 
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with  bydr»t«  of  pottuKium  (iii.  683),  and  lubeoquentlj  that  iK^tjleno  may  be  farmed 
by  Ui«  direct  combiiiation  of  carbon  witb  bTdiogen,  and  tbat  marsh -^»s,  ethyleiif^  and 
■erend  of  itf  homologueft  may  likewiae  be  lorausd  from  inorganic  nmt^rialfl  (see 
fiTDitoeaitao^i,  m.  188).  Thf^e  hydrocurboiu  maybe  coorertcd  into  aloohola,  e,  g, 
mai«h-gMtQto  motbylic  alcohol  (iii.  988),  and  eUiylene  into  ethylic  idcohol  (i  72);  and 
frocB  the  alcohola,  by  well -known  proceeses,  a  large  number  of  other  compounds  may  be 
€»btaiiied,  namely  alidehydes,  iicide,  aceton<^,  ethers,  amines,  oiBano-metailie  bodies,  && 

Another  kind  of  chemical  tmnAformAHon,  formerly  Hoppoeea  to  be  peculiarly  a  ftinc- 
ti«ja  of  the  liTing  Ofganiffin*  is  the  formation  of  componndB  containing  a  greater  number 
of  ciirl>un-atoms  from  othen  oontaiuiug  a  smaller  number.  In  the  earuer  days  of  or  ganie 
chemistry,  indeed,  the  ptineipal  agent  of  transformation  known  was  oxidation,  by  whiish 
an  organic  body  i»  for  the  most  part  lowered  in  the  scale^  its  carbon  and  hydro^n 
b<<ing  gndually  burnt  away,  ontil  at  length  the  whole  is  resolved  into  carbonic  anhydride 
and  wnter,  together  with  ammonia  if  n  i  tn  i^en  is  also  preeenL  The  possibility  of  ^^ffecti  ng 
the  opposite  kind  of  transformation,  of  building  nn  organic  compounds  from  others  lower 
in  the  scsile — that  is  ooutainiug  asmiilier  numberofatoms  of  carbon  or  hydrogen,  or  botb^ 
has  bowerer  been  demon^rated  in  a  mat  number  of  instances.  Thus  it  has  be4»n  known 
^r  some  years  that  naphthalene,  C^"U*,  mny  be  foraiedby  passing  the  rapour  of  iilcohol 
or  ether^  or  the  vapours  evolved  by  the  dr^  distillatioQ  of  bensoate  of  calcium,  through  u 
red-hot  tubo.  Other  instances  of  the  building  up  of  organic  compounds  ^m  cithers  of 
lower  order  are  the  prodnction  of  potassic  oaakte  from  the  formate,  by  hearlog  with 
potiUih-Ume  (2CHK0*  *  CKH)*  +  W) ;  the  formation  of  docatylene,  C'H",  and 
many  other  of  the  higlier  oleflnes  by  diMtilling  amylic  alcohol,  C*H*H>,  with  j^hoephoric 
anhydride  or  chloride  of  rine ;  the  couTeraion  of  nrea  by  heat  into  cyanunc  acid ;  of 
aulphobenaene,  C'H**8,  by  dry  distillation  into  stilbene,  C'*H"',  &c  &c.  (see  GmtiiH*9 
Handbook,  Tti.  49).  Of  ur  greater  importance,  however,  than  these  isolated  instances 
of  the  aecnmulation  of  carbon-atoms  by  ortiticial  means,  are  the  general  methods  which 
have  been  diaoorered  of  building  up  the  termj  of  homologoos  series — espedaity  tbat 
disoorered  by  Mendius,  namely  the  convei^ion  of  the  cyanide  of  an  alcohoi-radif^le 
into  the  amine  of  the  radicle  nest  higher  in  the  series,  t,  g,  cyanide  of  hydrogen  into 
methylamine,  cyanide  of  methyl  into  etfaylaminej  6cc  (see  Homologous  Suasriiicaa, 
iii.  164). 

Since  then  the  simpler  organic  compounds  can  be  formed  from  inorganic  materials, 
and  from  these  a  large  number  of  the  more  complex  compounds  can  be  synthetieally 
pri>iluc<i*d,.  it  seems  not  improbable  that  all  the  proximate  priaciples  of  the  Tegetable 
and  iinimiLl  organisms  will  oltimately  be  formed  from  their  elements  by  artificial  meana. 
The  notion  of  oigiinic  compoanda  as  Constituting  a  class  ees<*ntiaUy  distinct  from 
iijorgauic  or  minenil  oom{:K>undjii  in  tht^Ir  formation  and  conntitutioQ,  must  therefore  bo 
abandoned.  Still  the  marked  peculiaritiea  of  character  by  which  bodies  of  vegf'table 
and  animal  origin,  and  those  formed  from  them,  are  for  the  most  part  distinguished  from 
those  of  purely  mineral  origin,  especially  their  more  complex  constitution  and  ready 
decumposibllity,  as  exhibiteid  in  their  behaviour  when  heated,  and  by  the  phenomena 
of  fermentation  and  putrefaction,  have  k^d  to  vanous  attempts  to  de^ne  orgauiie  com* 
pounds  in  a  more  satisfactory  manner.  Thus  Liebig  formerly  defined  Organic 
Cheiniatiy  as  the  "  Chemistry  of  Compound  Radicles."  Such  a  definition,  however, 
cannot  be  maintained  at  the  present  day,  when  almost  every  class  of  saltH,  of  mineral 
as  well  as  of  organic  origin,  is  supposed  to  contain  a  eomponnd  radicle,  e.^.  HO*  in  the 
nitrates,  SO'  in  the  sulpbates,  ^c  Gmelin  in  his  ^*  Handbook  '*  defines  organic 
chemistry  as  the  "  CThemistry  of  carbou-oompounds  containing  more  than  t  atom  of 
carbon**  (C=61  This  definition  excludes  the  simple  carbon-compouuds,  CO,  CO', CS-, 
which  are  usually  regardt^  as  inorganic.  It  is  impossible,  however,  to  draw  any  pre- 
cise line  of  demarcation,  with  regard  to  pronerties  and  mode  of  formation,  between 
tlieae  bodies  and  others,  such  as  acetylene  ana  morsh^gas,  which  thiB  definition  would 
incJude  among  organic  compounds:  indeed  Gmelin  himself,  as  alrt^ady  observed, 
•ugffests  the  propriety  of  considering  all  compounds  containing  carbon  as  organic. 
Siuh  is  in  fkct  tne  conclusion  at  which  we  must  ultimately  arrive  rcKpecting  the 
meaning  of  the  term  Organic  Chemistry,  namely  that  it  stguiflesthe  Chemistry 
of  Carbon -com  pounds;  and  in  this  sense  it  is  used  by  Gerhard  t  in  his  TratU  a# 
Chemu  orfamque,  and  by  Kckul^  in  his  Lehrbitch  der  Oroanuichat  Chemie, 

The  study  of  the  chemical  processes  which  take  place  in  the  bodies  of  living  plants 
and  animals,  and  of  the  oompoeitton  and  propertiea  of  the  complex  fiuidn  and  oiwia 
of  those  bodies,  is  the  province  of  Physiological  Chemistry,  a  branch  oftlie 
scietiee  iffhieh  bears  thf*  some  relation  to  organic  chemistry,  or  the  chemistry  of  carbon* 
compounds,  tbat  chemical  geology  bears  to  mineral  ch^^mistry. 

O&OAMO-MSTAXIaXO  SODZBS.  This  term  is  applif'd  to  a  numerous  class 
of  compounds  in  which  an  organic  radicle  such  as  ethyl  is  directljf  combined  wilh  a 
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metal,  and  serres  to  distinguish  them  from  other  organic  oompoonds  eontaiiiinff 
nK>talH,  but  in  which  the  metal  is  indirectly  united  or  linked,  ai  it  were,  to  the  meUu 
by  diatomic  oxygen.  Although  organo-metallic  bodies,  constituted  according  to  tfaia 
definition,  are,  with  one  exception,  the  creation  of  the  last  sixteen  jean,  yet  thflir 
derivatives  have  beon  known  for  a  much  longer  period.  From  the  time  that  an 
organic  acid  was  first  united  with  a  metallic  base,  these  organic  compounds  containing 
metals  indirectly  united  date  their  existence.  It  is  true  that  these  deriTstiTea  have 
not  been  regarded  from  this  point  of  yiew;  but  a  little  consideration  will  serve  to  show 
that  they  stand  in  the  same  relation  to  organo-metallic  bodies  in  the  strict  sense  of  tlie 
term,  as  the  ethers,  alcohols,  acids,  and  numerous  other  OT^nic  families  oecnpj  with 
regard  to  the  alcohol-radicles  from  which  they  are  derived.  Thus  the  oigano-metallie 
compound  zinc-ethyl  yields  by  oxidation  ethylate  of  one ; — 

7  h(C»H»      .      ot         ^         5r-J0C«H» 
^  JC»H»     +     ^         «         Za  Jqcih. 
Ztncsthyl.  Ethylate  of  line. 

a  body  which,  although  unknown  until  formed  by  this  reaction,  has  nndonbted  and 
well-luiown  analogues  in  the  ethylates  of  potassium  and  sodium. 

By  suitable  processes  of  oxidation,  ethylate  of  sine  may  be  oonverted  into  acetate  of 
sine 

^^  JOCH*     +     O*         -        Zn  JoC«H»0     ^     ^^^• 
Ethylate  of  i  inc.  Acetate  of  tine. 

The  ethyl-compounds  of  potassium  and  sodium  also  pass  through  analogous  phases 
of  oxidation. 

Again  potassium- ethyl  and  sodium-ethyl,  under  the  influenoe  of  carbonie  acid,  yield 
the  propionates  of  potassium  and  sodium : 

KCH*     +     CO"        «        KOC«H«0. 
PotaMhnn-ethyl.  Propionate  of  pataielinn. 

The  same  result  may  also  probably  be  reached  b^  two  distinct  stages,  vis.,  first  by 
the  conversion  of  potassium-ethyl  and  sodium-ethyl  into  the  ethylates  of  potassium  and 

sodium:  

KC»H»     +     0        =        KOCH* 

Potauium-  Ethylate  of 

cthyL  potMtliMi. 

and  secondly  by  the  action  of  carbonic  oxide  upon  these  bodies. 

KOC«H»     +    CO      -      KOC«H»0. 

Ethylate  oT  Pro^ooate  of 

potusfun.  poCajiium. 

The  second  stage  of  this  conversion  has  not  yet  been  e^erimentally  realised,  bat 
Berthelot's  production  of  formate  of  potassium  from  carbonic  oxide  luid  hydn^  of 
potassium  exhibits  a  homologous  reaction. 

These  examples  serve  to  point  out  the  relations  existing  between  oigano-metallic 
bodies  in  the  usual  acceptation  of  the  term,  and  that  far  more  numerous  claas  of  deri- 
Tatiyes  to  which  the  same  name  might  without  impropriety  be  implied ;  but  it  is 
scarcely  necessary  to  remark  that  the  present  article  will  be  confined  to  the  oonaidscs- 
tion  of  organo-metallic  bodies  in  the  usual  and  more  restricted  sense  of  the  term. 

FonaiATioN  op  Obgako-mstallic  Bodibb. 

Oigano-metallic  bodies  can  be  produced  by  a  great  variety  of  processes ;  bat  these 
numerous  methods  of  formation,  with  yery  few  exceptions,  admit  of  being  groaped 
under  four  heads. 

1.  Formation  by  union  of  the  Organic  Radicle  in  statu  nascmtiwitk  the  metal,  or  by 
the  coalescence  of  the  latter  urith  the  iodide  of  the  Organic  Radicle. 

By  this  method,  the  organic  radicle  is  almost  inyariably  presented  to  the  metal  in  the 
form  of  io^iide, — a  state  of  combination  Furpassing  all  others  in  the  fiicili^  with  which 
the  two  components  separate  under  the  influence  of  chemical  affinity.  The  metal, 
made  to  present  as  kige  a  surface  as  possible  by  granulation  or  otherwise,  is  placed 
in  contact  with  the  organic  iodide  and  heated  in  a  close  vessel  of  adequate  strength  to 
resist  the  prossure  of  the  vapours  and  gases  generated. 

For  a  figure  and  description  of  the  apparatus  see  Bath  (i.  521). 

In  some  cases  the  agency  of  light  may  be  advantageously  employed  to  replace  that  of 
hoiit  as  in  the  formation  of  organo-tin  compounds,  whilst  in  the  case  of  mercurial  com- 
jKiundn,  Holar  radiation  is  almost  essentially  necessary.  Where  light  is  employed,  the 
materials  are  enclosed  in  glass  vessels  which  are  then  exposed  either  to  dififtiae  (Uylight, 
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direct  fnwlight,  or  to  the  solar  rays  oonoenUated  bj  a  parabolic  reflector.  Id  4  he  )att«r 
cu«  the  vemt'l  may  be  flnmiimded  by  WBleir  or  bj  a  sohitioii  of  sulphate  of  copp«r  to 
absorb  the  cidorific  raya 

The  orgaiiio  conipounda  of  sine,  cadmiain,  xDagn<DainiD,  atumininm  and  glucLntim 
are  produced  by  tho  thermal  process,  thoae  of  tin  may  be  formed  either  by  the  thermal 
or  by  the  light  process,  whilst  the  organo-compoaDds  of  mercary  can  only  be  generated 
in  tn«>  claas  of  prooesa  now  ntidor  discnssioa  by  Imniniferous  agPiiCT.  The  thermal 
mt^hod  of  procedure  is  well  lUustrattHi  in  the  prepanition  of  sincttkyL 

The  reaction  which  occurs  on  healing  zinc  and  iodide  of  ethyl  ia  nsnally  eiproeMd 
by  the  following  equation  : 

Iodide  of  «tlir)  Zmc-ethjf. 

The  actoal  chemical  changes  occurring  in  tho  formation  of  zinc«thyl  are^  howe?«F,  by 
BO  means  so  simple.  This  body  is  found  in  a  free  state,  in  rery  amall  quantity  only, 
amongst  the  products  of  the  reaction  of  rinc  Qpon  iodide  o(  ethyl,  but  thoiw  exists 
amongst  these  products  a  crystalline  body  which  contains  sine,  ethyl,  and  iodine,  and 
may  be  regvded  as  formed  according  to  the  eqtiation : 

C*H»I     +     Zn 
Iodide  of 

This  compomid  is  dieeomposad  at  about  ISO^j  yielding  iodide  of  sine  and  suie^ 
ethyl : 

2Zn''(CrB*)T         =        Zn"(CH*)»     +     Zn*!*. 

Ethiodld*  of  line.  Zlncethj). 

rbntemporaneou,^ly  with  the  flret  of  the  abore  reaotions,  thers  occur  others  in  which 
eiJ]yl,  hydride  of  etiiyl,  and  ethylene  are  produced.  The  separation  of  ethyl  in  this 
rooeUoo  is  doubtless  due  to  the  direct  action  of  sine  upon  iodide  of  ethyl : 

2(C*H*)I     4.     Zo         »         {OWf     +     Zn1» 
IodSd*«f  ethyl.  EthyL 

whOst  the  appearance  of  the  seeoadary  prodadLS)  ethylene  and  hydride  of  ethyl,  resdtfi 
from  thi^  action  of  the  ethiodide  of  sine  upon  iodide  of  ethyl : 

Zn-tCH^)!     +     C=*H*I         =         eH»H     +     CH*     -¥     Zn'P. 

£thiodldeof  todJdeaf  Hydride  of         Btb^leDe* 

■Inc.  eChjK  etbfl. 

Notwithstanding,  howerer,  the  intermediate  formation  of  ethiodide  of  zinev  ^^  ^<> 
niantier  above  indicated,  the  final  resolt  of  the  reaction  is  correctly  expressed  in  ihe 
flrtft  of  the  above  equations. 

The  reactions  by  which  ethyl,  hydride  of  ethyl,  and  etliylone  are  produced  can  be 
almost  completely  avoided  by  the  ndmixfure  of  an  equal  Totume  of  ttuhy^irous  ether 
with  iho  ioriide  of  ethyL     The  yield  of  dncethyl  ts  thus  propjrtioniitely  tncreasedi 

Zinc-mtthf/l  and  sinc^amyl  miy  be  also  thus  produced,  but  thpy  are  obtained  in  a 
state  of  purity  with  extreme  difficulty,  and  are  therefore  more  adviintageoui^lY  prepared 
aoeofdicig  to  the  fottrth  method  of  formation.  No  attempt  has  yel  be^  maoa  to  form 
th«  Mmspouding  compounds  of  the  remniniog  skohol^fiMlideSv 

Otyano-compoitnds  of  Tin, — Although  these  bodies  oan  b«  obtained  by  other  pro- 
eecB»'>ii,  the  general  method  we  are  now  conBidering  is  doubtlf^ss  the  most  conTenient 
mode  of  producing  most  of  them.  Tin  ta  capable  of  forming  thrt^e  distinct  classes  of 
binary  inorganic  compounds  whi^h  tnay  be  reprosaatcd  by  tho  fbUowiug  general  for* 
muis: 


Sn' 


(R 

JR 


<Hi) 


Sn" 


This  threefold  atomic  character  of  the  metal  renden  the  reanlt  of  ita  action  npon  the 
iodides  of  the  aleobol-nidiclc*  considerably  less  simple  than  that  of  fsinc  Without 
taking  info  account  compounds  to  which  a  still  more  complex  constitution  has  been 
assigned,  the  existence  of  the  following  series  of  organo-metallic  bodies  containing  tin 
has  bcM.'n  eatiibliwhed:  ♦ 


2Dd  $«r!lei. 

rR+^ 


3rd  Series. 


*  lij  Uictfc  rnrmu1;r  ft -I-  rcprejentt  ft|H>eltivc  orgiaic  r»illclf ,  aimI  11-  a  Drgalivu  rndkck :  no  nesitira 
orguik  r*dlde  ai  itwli^  hai  jret  been  ljiircduc«d  mio  \\^m  coin|H>iiud*. 
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4Ui  Seriei.  AUi  Series.  eth  Series. 


Sn*' 


R  + 
R  + 
R  + 
B  + 


R  + 

B- 

IB- 


The  Moond  and  fourth  of  these  series  have  not  yet  been  prodaced  bj  the  method  wo 
are  now  oonsidering. 

FiBST  SxuBB.    Slanwms  etkide  \^^\(^g^  ^  prodooed  in  small  quantities  bjr 

the  action  of  heat  npon  a  mixture  of  iodide  of  ethyl  and  tin : 

2(C»H»)I     +     8n«        -        Sn'CC'H*)*     +     Sn'P. 

lodMe  of  ethjrl.  SUnnoui  ctbide. 

Stanntm»  metkide  is  doubtless  formed  under  similar  oooditioDs. 
The  THiBD  Sbbob  of  stann-organic  compounds  is  fittmed  by  reactiona,  of  which  the 
following  ma  J  be  regarded  as  a  type : 

4(CH»)I    +    Sn«        -        2r8n'"(CH»)«I]     +     SnP. 
lodkU  of  biai«Uiiodide 

methyl.  of  tin. 

Fifth  Sbbhs.— -The  following  chemical  change  eoqpretses  the  mode  fsi  formation  of 
compounds  belonging  to  this  series : 

8(CH«)I     +     Sn«        -        Sn»'(CH»W    +     Sn1«. 
Iodide  of  SUimic  lodo- 

metbyU  trimcChideu 

Sixth  Ssbibs. — ^The  most  abundant  products  of  the  action  of  tin  upon  the  iodides 
of  the  alcohol-radides  belong  to  this  series ;  indeed,  if  the  action  be  produced  by  light 
instead  of  heat,  they  are  formed  almost  to  the  complete  exdnsion  of  ^e  o^era.  It  ia 
necessary,  howeyer,  to  remark  that  the  materials  exposed  to  light  should  be  oom^detely 
excluded  from  atmospheric  oxygen,  otherwise  the  bquid  Mjinmwa  gn  orange  colour,  and 
the  action  is  so  effectually  arrested  that  an  exposure  for  sereral  months  to  sunlight, 
cuncentrated  by  a  parabolic  mirror,  will  scaroely  produce  any  appreciable  change. 
The  following  reaction  exphiins  the  formation  of  bodies  belonging  to  this  aeriea : 

2{Cfl»)I    -h    8n     -     8n»'(CH»)«P. 

Iodide  of  Stannic 

methyL  dlmethiodlde. 

It  is  erident  that  three  series  of  tin-compounds  are  still  wanting  to  complete  the 
category,  via. : 


IR- 

It  is  somewhat  remaricable  that  no  oigano-tin  compounds  containing  only  one  equiva- 
lent of  positive  radide,  have  hitherto  been  produced.  Tlie  inference  to  be  drawn  from 
this,  that  such  bodies  do  not  exist,  must  be  checked  by  the  fact  that  no  special  attempts 
hare  yet  been  made  to  form  them. 

Orgatuhcompounda  of  Merewry, — ^The  reaction  of  mercurr  upon  the  iodides  of  the 
alcohol-radicles  giyes  rise  to  two  series  of  oiganic  compounos,  tae  geaezal  fonnnln  of 
which  may  thus  be  written : 

Ut  Srriee.  Snd  Series. 

(R* 

1b+ 

The  first  series  only  of  these  bodies  can  be  produced  by  the  general  mode  of  fbrma- 
tion  now  under  consideration ;  but  the  members  of  the  second  series  are  readily  obtained 
by  the  action  of  an  organo-zinc  com^und  upon  those  of  the  firsL 

For  the  production  of  the  first  series  of  these  bodies,  the  action  of  light  is  essential 
(except  in  the  case  of  mercuric  iodo-allide),  no  elevation  of  temperature  being  eapaUe 
of  producing  the  chemical  change.  The  following  equation  sufficiently  eadiibits  the 
nature  of  the  reaction : 

CH»I     +    Hg      -     -EfiCW)!, 

Iodide  of  Mercurio 

mctbjri.  lodoinethide. 

For  the  production  of  the  methyl-compound,  bright  sunlight  may  be  employed  ;  but 
the  reaction  for  the  ethyl-body  must  be  conducted  in  diffused  dayligfat  onlly,  otherwise 
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tm  omno-metallie  oomponnd  wiU  be  podueed,  the  eihjl  being  eliminated  cbieflj  at 
leh,  cmt  partlj,  also,  an  hydride  of  €tQ jl  aod  i^tliyleiM : 

2((7H»)i  +  Hg    -    Eg*v  +  om.cm*. 

Iodide  of  rUifL  £U>jL 

2(CTi«)I     -i^     Hg      -      Hg"!*    ^    C'H».H     +     C«H*. 

lodkl*  oT  Hf  dride  of  Etbylenc; 

cthyL  Sibyl. 

In  addition  to  them  bodies,  compomidf  oontaioing  arsenic  and  antimony  ctin  also  be 
pnxiQC4Ml  hy  this  eeneral  mode  of  formation ;  bat  they  are  obtained  with  greater  facility 
by  the  second  meutod,  which  will  now  be  described. 

3.  Formaiion  0/  Organo^meiallw  hodk§  bjf  the  action  of  ths  remcHw  MeiaU  aUojftd 
wUk  Patasgium  or  Sodium  upon  tike  loditUs  of  the  AlcoM^radide*, 

The  prindplei  in^rolTrd  in  this  second  general  mode  of  production  an  esienti&Il^  sxiollar 
to  thoM  in  the  fii«L|  but  there  is  here  leia  tendency  to  form  componnde  contaimn'r 
negatiYts  aa  weU  aa  pontire  radidei.  The  airanltaneous  production  of  an  orgaoo-potas- 
aiom  or  aodinm  oomoonnd  need  not  be  feared*  since  sach  compounds  cannot  exiJitin  the 
proMDee  of  the  lodioes  of  the  aloohol-radieles. 

Thia  mode  of  Ibnnation  wiH  be  sufficiently  illustrated  bj  the  following  reactions: 

Atemic-CGmfoundM, 
4(CH*)I    +    2(Aane(a«)    =s    1l{kfr\CE}y)    +    4NaL 


lodNie  of 
mettiyL 

3(CH»)I 
lodkdaor 
nictbjt. 

4(CH«)I 
todkleor 


+      Aa-TTa* 


^     Am1^»^ 


CwodfU 

THinftliyUr«Ji]#, 

«  Aji'(CH")*I 
Iodide  of  tetm. 
oathjlanoiiluiD. 


Iodide  or 
metlif). 

4(CH»>I     + 

lo4M««r 


A  ntimonif'Compounde. 
Sb'*Na' 


8b*^a' 


-     8b'"(CH»)» 

TriinetbrliiiMDa. 

^     Sb'(CH')*I 

lodMfl  oftetra- 
jncltijlitlboniuin^ 


Tiin-^fompounde. 


2(CH»)I 

]<Mlld«  of 

m-tUif  I . 

6<CH*)I 
Iodide  of 
methjL. 

4(CH")I 
Iodide  of 
methyl 


Sn'^a* 


+    2(80-??*')     « 


+     8n»'Na*       - 


SUnnout* 
ia«tblde. 

2[Sn'"(CH")^]    + 

Jituin-*eK)ul- 
methlde. 

Sn''(CH')*       -i- 
Stmolc  mtsthlde* 


8NaI. 

3NaL 

3NaL 
3NaL 

2NaL 
eNaL 
4NaL 


Mercwy-eompounds, 

When  t^e  iodidei  of  the  alcohol  radidefi  are  placed  in  contact  with  sodium-amalgam, 
no  perc^-ptiblc  action  lakes  place  at  ordinary  teroperaturen,  even  after  pmbnged  digtns- 
tion,  but  on  the  addition  of  a  few  drops  of  acetic  ether,  the  amalgam  in  immediately 
aitiLfiked  and  a  brisk  action  with  conaiderublt-  cleTation  of  temperature  attends  the  for* 
mation  of  the  of^^^ano-mercuriiLl  compound.  The  function  of  the  acetic  ether  in  thia 
reaction  is  not  understood,  bat  the  ether  \h  found  in  undivuinijfhed  quantity  at  the  doee 
of  the  reaction.    The  following  equation  tilu«trutefl  the  formation  of  theae  oompounda : 

2(CH»)I     +     N«»Hg**      -      Hg^(CH')»     +     2NaI, 

Iodide  of 
tnetiijft. 


jiercurk 
meiblde. 


6(C'H')I      + 
loaid«or«ltty). 


Lead-eompound. 
2(Pb"'Na') 


2[PblCH»)»]     + 
riumb-UieibkU. 


eNaL 
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Bismuth'Compaund. 

3(Cra»)I     +     BrNa*      -      Br(C«H»)«     +     8NaL 
Iodide  of  akbyl.  Bis-triethid*. 

Tellurium^oompounds, 

Oigano-telluriam  compoundB  are  formed  by  a  modification  of  Una  method,  wbieh 
coxuiiats  in  distiUing  telluride  of  potassium  with  ethyhmlphate  of  potasniim  and  ita 
homologues : 

2(S"0«.CH»0.K0)        +        Te'^«        -        ^®"lcEP         **•        ^^^O^KOy). 
Methy Uulphate  of  poUttlum .  ToUarinm-iMChyL  Sulphate  of  p«taMluai. 

The  ethyl  and  amyl  eompotmds  are  prepared  by  homologona  leactiona. 

3.  Farmation  of  Organo-fnetaUic  bodies  hv  ihe  action  qf  the  Zine^ompomuU  of  tie 
Organic  Eadudee  upon  the  Halcid  compounae  either  of  the  Metaie  themaehei  olr  qf  their 
OrganthderiiMtives, 

For  the  production  of  organo-metallie  bodies  oontaininfi  less  positiTO  metali  than 
zinc,  this  method  is  perhaps  not  only  the  most  oonyenient^  but  also  capable  of  the  most 
general  application.  Compounds  containing  mercury,  tin,  lead,  antimony,  and  arsenic 
have  been  thus  produced,  but  it  has  failed  when  applied  to  the  haloid  compounds  of 
copper,  silver,  and  platinum,  for  although  these  bodies  are  violsnti^  acted  upon,  the 
organic  group  does  not  unite  with  the  metaL 

The  foUowmg  reactions  illustrate  this  method  of  formation : — 

Mercury-oompounde, 
7ar{CW^     +     Hg^a»        -      Bg^(C3H«)»     +    Zn'Cl*. 

Zinc-methyl.  Mercuric  meCblde. 

Zn-(CH»)«     +     2Hg''a«      -      2Hg'*(CH^a     +     Zn^CP. 
Zlnc-methyl.  MercoBc  chloramettiide. 

MercuTOus  ethide  and  mercnious  methide  hare  not  yet  been  obtained  either  by  this 
or  any  other  process.  The  instability  of  mercurous  compounds,  as  seen  in  the  inor- 
ganic oxide  and  iodide,  is  brought  to  a  climax  in  organic  mercuzons  compounds ;  the 
latter  are  instantly  transformed  into  metallic  mercury  and  the  more  stable  organo-mer^ 
curie  compounds.  Thus,  when  sine-ethyl  acts  upon  mercuzous  chloride,  the  following 
change  results : — 

Zn^CCH*)*     +     2HgCl     «    Hg"  |^|     +     Hg     +     Zn"Ca«. 

Zinc-etbjl.  Mercuric  ethide. 

T^-compounde. 

2Zn''(C«H»)»     +     Sn»^Cl*  =  Sn"(C«H»)«        +     2Zn''CP. 

Zinc-ethjrI.  Steaolc  chloride.  Staoalc  ethide. 

Zn<(C«H»)«       +     Sn«'(0«H*)«P      =  Sn'^(C«H»)*         +        ZnT*. 

Zinc-ethyl.  Stannic  diethigdlde.  SUnoic  ethide. 

aZn^CC^H*)'     +     2Sn»'a«  -  ^ixHC^WfCi    +     SZu'CP. 

ZincethyL  ChlorotriethideofUB. 

Zn'CC^H*)*       +     Sn'^'Cl*  -  Sn"(C«H»)K)l«     +     Zn"a«. 

Zinc-ethyl.  Stannic  dichlorethlde. 

Lead-compound, 

The  following  is  the  only  reaction  which  has  hitherto  been  effected  by  the  method 
which  we  are  now  considering : — 

2Zn"(C«H»)«     +     2Pb*'Cl»      »      Pb«^(C«H»)*     +     Pb     +     2Zn-a«. 
Zinc-ethyl.  Plumbic  ethide. 

Anttmony-oompounde, 

3Zn''(CH«)»     +     2Sb'"Cl«      =      2Sb'"(CH7     +     SZn'Cl*. 
Zinc-methyl.  Triroethylstiblne. 

Arscnic'Compounde. 

Zn^CCH")*     +     2As"'Cl«      «      2As'"(CH«)»     +     SZo'Cl*. 
Zinc-methyl.  Trimethylartlne. 
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SZn" 


SZd" 


Na«      «    2 


+    K*       - 


cm*  > 

S«d)o-  tlbc*«cb]rK 

^    lc»ip 


llO-tlD 


Zo. 


Zn. 


mercuric  <Jthide ;    sodium-ethjl  is  proliablj 


i   P'ormaiitm  of  Of^^^mHMe  hadit^  b^  ihe  H^Mtmmt  0/  a  Metal  m  an  Organo- 
meUmie  eompa^md  by  anoikrr  and  mart  paititie  MeUd. 

This  frarth  mode  of  producing  oi^gano-'met^ic  bodiot  baa  beom  snocesfifnllj  applied 
to  the  IbREiflticHi  of  Um  cottipound«  of  Bodium,  polowdttiD,  Litbiuia,  alummiiini,  and  adnc, 
Jo  tboeoM  of  the  throe  ftnt-oamed  metals  the  reaction  take«  pbice  at  ordinary  t^mpt-jiu- 
tnrm^  the  oriffinal  body  operated  tipoo  being  an  oi'gano-ziiic  compound  which  al^o  eut^rv 
tbo  compositioii  of  the  resulting  orgnDO-pot&Bsiuni,  iodium^  or  lithium  compound  ui 
■hown  in  the  following  reactioot : — 

ZlDC-ethfl, 

A  cm* 

2inc-etbfl. 

Sodittm  also  disiilaces  mercmy  from   .    

fbnuod»  but  the  i^iict  nature  of  the  rrai^tion  has  not  been  asccrtainetL 

The  oigano-rinc  compounds  are  obtained  by  the  action  of  granulated  zinc  upon  the 
eotreiMmding  mercury  compounds  at  a  temppratureTaryingftom  100°  to  130^  C.  Tho 
loUowiiig  eamiple  shove  the  nature  of  this  tmnGformadon* 

^«fl^»      *      2Zn         =         ZD'jgg;     +    Zn-Hg-. 

The  nrst  mode  of  formation  above  dcecrlbed^  cannot,  without  formidable  difficultiea, 
%•  fcpplied  to  the  production  of  Einc- methyl  and  «tnc-amyl  in  a  slate  of  purity,  but  by 
the  fourth  method^  now  under  consideration,  these  bodies  are  obtained  with  great 
fiicility ;  for  the  prepamtion  of  dnc-ethyl^  boweTOfi  the  flnt  method  b  the  most  odvan^ 
tageoua. 

pBOFmBm  ow  OitOANo-MBTjajje  Bodies. 

The  o^ano-metalHc  compounds  as  a  class  are  distinguished  by  the  extraordinary 
ener;^  oftheir  afllnitiee.  With  certain  exceptions,  presently  la  be  noticed,  their  dLs< 
posttaon  to  unite  with  nngatiTe  elements  increases  with  the  positire  character  of  the 
metal  and  with  the  amallnesa  of  the  atomic  weight  of  the  alcobol^mdicle.  Thus 
organo-potassium  and  aodium  compounds  poaseiss  more  chemical  enemy  than  those  of 
sine,  whilst  the  latter  are  more  actire  than  the  compounds  of  arseoic,  antimony,  tin, 
or  lead,  A^dn,  in  the  series  belonging  to  eaeh  metal,  the  methylie  compouDds  arn 
more  eneiyetio  than  tho  ethylic  ones,  whilst  tho  last  greutl^  surpass  the  amylic  com- 
pounds in  this  respect.  But  whilst  these  gcnoral  princinles  gpTeca  the  chemical 
ener^  of  organo^metallic  bodies,  their  effect  is  modified  by  the  degree  of  saturation  in 
which  the  metal  exista.  Although  this  circumstance  has  hitherto  receiTed  only  partial 
cluddalion,  yet  we  have  eridence  of  ita  effects  in  the  case  of  organo-tin  compounds. 
Both  stannous  etlude  and  stannotts  methido  combine  directly  with  atmospheric  oxygen* 
and  the  onion  takes  phice  with  tolefuble  rapidity ;  but  neither  stannic  ethide  nor  stannic 
methide  is  in  the  least  degree  acted  upon  by  free  oxygen  at  ordinary  tJ^mpemtureB  j 
eren  iodine  acts  upon  them  with  difficulty.  This  tiiminution  uf  chemical  energy  in 
omno-sta^nnic  compounds  cannot  be  a^icribed  to  the  mere  influence  of  the  additiouiU 
we^t  of  hydrocarbon  which  they  contain,  Rince  stannous  amy  lido  readily  unites  with 
free  oxygen  at  ordinary  temperatures,  although  the  single  atom  of  amyl  wliich  it  con* 
tains  is  considerably  heavier  than  the  double  atom  of  either  methyl  or  ethyl  present 
in  the  oTgano-stannic  compounds  just  died. 

Orgaao^metallic  compounds  in  a  stale  of  partial  saturatioo  play  the  part  of  compound 
radideSb  Tliey  are  mou&tomic,  diatomic,  triatomic,  or  tetratomic,  according  to  the 
number  of  atoms  requisite  to  complete  their  saturation.  On  the  other  hand,  orgauu* 
metiillie  bodies  in  a  state  of  saturution  never  perform  radicle  functions :  they  uerer 
undergo  chemical  change  without  decomposition.  Thus  zinc-ethyl,  stannic  ethidc, 
mercuric  ethide,  and  plumbic  etbide  all  give  substitution^pruducls  wh'^'D  they  are 
chemically  acted  upon. 

Potassium,  sodium,  and  lithium  g^rie^^^These  bodies  have  not  yet  been  i»jlated; 
they  are  known  only  in  combLnatton  with  the  corres^wndin^  zinc  or  mercury  compounds. 
The  double  compound  of  sodium'ethyl  tind  zinc- ethyl  is  the  only  one  which  has 

hitherto  been  suhmitted  to  analysts.     Its  formula  is   ^  >(C^H')V 
*  WsD  k  1 7  n,  Proc  Hvy.  Soe,  It.  Ml.    Frink  I  sod,  Proee^cdJpgf  of  the  Royal  luttitaUou,  f  oU  iv* 
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This  oompoond  first  septfates  from  its  solntion  in  sine-ethyl  as  a  tnmspavent  fluid, 
which  after  some  time  sohdifies  to  a  mass  of  huge  tabular  cry^als,  ftising  at  27^  C,  but 
when  once  fused  remaining  fluid  at  several  degrees  below  that  point  On  the  avpli- 
cation  of  a  moderate  heat  to  this  compound,  sases  are  erolyed,  and  a  mixtnre  of  sodiinii 
and  sine  without  carbon  is  left  behind.  Sodio-zinc  eth^rl  deoomposes  water  with  great 
Tiolenee,  forming  hydride  of  ethyl,  and  the  hydrated  ondes  of  one  and  sodium.  The 
behaviour  with  negative  elements  has  not  yet  been  studied.  Its  most  interestiiig  reac- 
tion consists  in  the  absorption  of  carbonic  anhydride^  whidi  it  transforms  into  pvopionie 
acid.    The  sodium-ethyl  alone  takes  pact  in  this  reaction :  * 


C»H»0) 

Na( 
8odltiin.Mh]1.  ProptoiMte  of 


NaCTH*     +     C0«        -        ^'^i^'ilo. 


No  compound  of  any  of  these  bodies  with  a  native  element  has  been  obtained. 
Their  action  upon  carbonic  anhydride  proves  that  tney  possess  a  stall  higher  reducing 
power  than  the  corresponding  organo-zmc  compounds,  ana  they  will  ther^re  donbUess 
prove  valuable  agents  for  the  substitution  of  poeitive  groups  for  negative  elements  in 
cases  where  oisano-zinc  compounds  fiul  to  produoe  the  desired  eflbcL 

Sodium-ethpfl  deoomposes  the  iodides  of  the  alcohol-ndides  in  the  cold,  with  for- 
mation of  iodide  of  sodium.t 

NaC«H»     +     ^\        -        Nal      +     ^|     +     Cm\ 

Sodtun.  Iodide  of  Hjdrideor         Bthykae. 

ethyl.  ethyl.  ethyl. 

Owingto  this  behaviour,  potasrium  and  sodium  oompounda  can  on^  be  porepaxed  by 
method  No.  4. 
The  following  bodies  belonging  to  this  series  have  been  deseiibed : 

Lithio-merenrio  methide        f7  <  CH" 

Lithio-merenric  ethide  .        ^  •<  C'H* 

C"H» 

Lithio-sinc  methide       •       ^,  <CH' 


Potaasio-nnc  methyl      .        ^  -jC^ 


^  «fO»H» 

Potassio-zinc  ethyl .        .        ^  <  CH» 


CH« 

C»H» 
C«H» 


Sodio-sine  methyl  .        .        ^'^I^g! 


CH« 


*y    *»f' 

Sodio-iinc  ethyl     •       •        N^'^^ 


C«H» 


¥{ 


"'   ICH. 


lithio-iine  ethide , 


MagneBmm  $ene9.X — ^The  compounds  oontaining  ethyl  and  methyl  only  have  hitherto 
been  examined,  and  the  former  alone  submitted  to  analysis.  Ttiese  bodies  possess  a 
close  similarity  to  oigano-sino  compounds.  They  are  very  volatile  eoloorless  Uquids, 
possessing  a  powerful  alliaceous  odour ;  are  spontaneonsl;^  inflammable,  and  decompose 
water  wiw  violence.  They  do  not  readily  decompose  the  iodides  of  the  aloohol-radidea, 
and  can  therefore  be  prepared  by  method  No.  1.  No  compound  of  these  bodies  with 
ne^tive  elements  has  yet  been  produced.  They  are  in  the  condition  of  chemical  satu- 
ration.   Further  details  of  their  properties  are  wanting. 

Aluminium  series. — The  only  known  organo-com  pounds  of  this  series  are  alnminie 
methide,  A1'^(CH*)*,  and  aluminic  ethide,  A1'^(C^*)*.  They  are  prepared  by  heating 
mercuric  methide  or  ethide  with  excess  of  aluminium  clippings  in  sealed  tobes :  s^. 

SHg^CCH")*  +  Al«     -     2A1'"(CH»)"  4-  Hg«. 

They  are  spontaneously,  inflammable  liquids,  which  decompose  water  with  explosive 
violence,  and  react  with  iodine  to  form  iodo-derivatives  and  iodide  of  methyl  or  ethyL 
By  regulated  exposure  to  dry  air  thev  take  up  oxygen,  forming  bodies  apparenUy 
analogous  to  boric  dioxy-methide  and  dioxethide  (Buck ton  and  Odling).  A 
compound  of  aluminic  ethide  with  iodide  of  ethyl  had  previously  been  obtained  by 
C  a  h  o  u  r  s  I  by  heating  aluminium  with  iodide  of  ethyl  (ii.  585).  wucinum  aj^eaxs  to 
act  with  iooide  of  ethyl  in  a  similar  manner. 

•  Wank1yn,Chem.  Soc.  Qu.  J.xl.  108.  f  FrankUnd,  Proc.  Roy.  Soe.  fx.  S48. 

X  Cnhourt.  Ann.  Ch.  Phyt.  Will.  17. 

S  Ibid.  [3]  Ivlii.  M.-Buckton  and  Odling  (Proc.  Roy.  Soc.  zIt.  19). 
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ZxKO  Sbubi,^ — ^Tbree  bodU>t  b^loiigtiig  to  this  series  Are  known,  tiz.  : 

^msmethyl,  Zq"  |  ™I        Zinc-^hyl,  Zu" |^^I        Zmc-amjrl,  Zn"  j  ^J^{1 

Tbej  «n  eoloiirleii^  tnjispnrent,  mobilor  rolatile,  and  odoron«  liquids,  composed  of 
two  gAMoiis  Tolumes  of  the  hydro-carbon  radicle,  and  one  Tolnme  of  zinc-Tapour,  the 
three  ToLumea  oondenaed  to  two.  The  methyl-  and  ethylMX^mpoaads  an?  aponuneouitly 
infla.iiimablfv  burning  with  u  green bb^blue  llame :  zinc^amyl  is  spoataneonaly  inflam- 
rnable  in  pore  ozygpa  only.  All  threo  am  »aturalod  compounda,  incapable  of  dLrect 
combination.  In  contact  with  wdt*r»  they  are  instantly  decompoied,  with  formation  o' 
hydrated  oxide  of  zinc  and  hydride  of  the  organic  radicle : 

Zu^ClPf  +   2FI*0     -     Zn'^H'O*  +  2(CH-.B). 

Zinc-mcihj  L  fljdriileor 

laeihfU 

Gradually  treated  with  dr^  oxygen  so  as  to  avoid  too  violent  acdon,  they  paas  through 
two  itages  "*    — *j^*-*—    -*i_-._.-j   ;_    *i.^    -^--    _-  _* *    i   i  __  .t.  _    j.t%     * 

equations  :— 


ol    oxidation^   illnstrated   in 


^°  )OCH»     ^ 
Bth|Ute  of  tlAc*eth]:L 


O 


the  caae  of  zinc-ethyl  by  the    following 


ethylAte  of  ftloc-eibf  K 
^"^  J0C7H» 

Bibjiate  of  iIdc. 


The  action  of  iodine  opon  orgnno-zinc  componnds  differs  somewhat  £mm  that  of  oxygen 
owing  to  tiie  monatomic  chdnictt^r  uf  the  negative  element  It  consista  iu  the  jmceesaive 
elinuDation  of  the  two  atomit  of  hydrocarbon-radicle  and  their  substitition  by  iodine  : 


ZlnC'Hlijl. 


Zq 


I' 


Zn 


lodo-eChldrfl 
of  liDC 


cmn 

todtd*  of 
9thfh 


Zn 


AC^K* 


)      1 


«         ^        Zn"  J      +     CTI»I, 

lodi  dc  or  I  inc.    todid«  of  eth|l . 
Organo-Einc  compounds  bahave  in  a  manner  exactly  analogous  in  contact  with  the 
other  halogens. 

Reactions  like  the  foregoing  point  to  the  applicability  of  theae  compounds  for 
effecting  the  aiibfltitntion  of  poaiti?*'  groups  for  negative  elements  in  compound  bodies, 
an  appUcntion  which  hoa  not  fniled  to  attract  the  notii'c  of  chemists.  In  addition  to 
the  r^^ctions  of  this  d;i83  given  alxuve  as  examples  of  the  formation  of  orgaoo-metallia 
bodies  by  the  third  method^  the  following  have  been  realised : 


With  Nitric  Oridr.f 


2N*0«     + 
Nitric  oxide. 


Zn 


ZiDc>otctK]rL  Dtnttro-inetlijUte  ofilnc. 

It  will  bo  perceived  that  this  reaction  is  the  exact  analogue  of  the  one  alredtly  mrn- 
tioned  in  the  sodium  and  potassium  series,  where  carbonic  anhydride^  treated  with 
stjdium -methyl  and  sodium-ethyl,  forma  acetic  and  propionic  acids.  In  fact,  dinitro* 
melhylic  and  dinitro-clhylic  ocids  muy  b*;  regarded  as  the  analogues  of  acetic  and 
propionic  acids  respectively ;  tlie  nitrogen  here  sustaining  a  diatomic  chaiaeterf  anJ 
replacing  an  atom  of  carbon. 

With  Sulphurous  Oxidf.l 


2S0« 


Iv 


Zn  jcH- 

Ztnc-meth;!. 

.Zinc-ethjI. 


S^CH')'0''fo. 

Zu"y 

Methyl'dttftionjile  of  ttnc. 

Zn'l" 
EtUjrI-trllhlonAte  of  »lnc. 


•  Fraalctind;  Ch«ni.  Soc.  Qu,  J.  ».  »7.  and  IIL  41 1  Pm.  Traoi.  exUl.  431,  wad  ntw.  S]^> 
Wanllfii,  rh«m.  Soc.  Qu.  J.  x«i.  124.  FmnkUnd  and  DurfN,  Cbem.  Soc.  Qu.  J.  {%)  ♦al. 
ii  39.  R<eth  and  Bet  Isle  In,  Ann.  Ch.  Fharni.  cxxUf.  14A.  Butl^row,  Dull.  S«x%  Clilm.  Au^.  lUtii, 
p.  \W. 

t  FriTiklinJ,  PliiL  Tran*.  IS%7,  p.  fiO.  %  Ilobion,  Chcm.  Six-.  Qu,  J.  s.  |A,%  und  Sa. 

vof.  IV.  a 
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With  Trichloride  of  Pho§pkorus,* 

2P'"C1»     +     8^Zn"(CH«)^         -        2F"(CH")»     +     ZZaoTCP 
Zinc-methyl.  Trimethjlphotphine. 

2fa»     +    8[Zn''(C*H»)T        -        2F"(C*H*)*     +     3Zn"Cl*. 
ZlDC-etbyL  Trlf«hyIpho»pbiiie. 

There  is  no  apparent  obstacle  to  this  reaction  being  pushed  to  its  extreme  Umit  in 
the  case  of  pentatomic  bodies  snch  as  phosphoms,  arsenic,  or  antimony.  Mr.  Bnckton 
hss  attempted  this  in  the  case  of  antimony ;  but  although  evidence  of  the  exist- 
ence of  a  pentethide  of  antimony  was  obtained,  the  body  could  not  be  isolated  nor  its 
composition  satisfactorily  fixed.  The  great  stability  of  the  triatomic  compounds  of 
these  bodies  will  probably  present  considerable  difficulty  in  the  way  of  obtaining  pen- 
tatomic compouniu  of  an  exclusively  positive  character,  such  bodies  being  doubtless 
easily  resolved  into  the  more  stable  groupings  represented  in  the  following  equation : 

sb'(c«H»)»      =      sb'^(cm*y   +    c»h».c»h^ 

Antimonle  ctbide  Trieibylstibino.  Etbyl. 

With  Boric  Ether.f 

B-|o||     .     3(Zn-jCH:)         .        B~g     .     3(Zn-  g^) 

Boric  ether.  Zinc-metbyl.  Boric  met  hide.       EthyUte  of  sinc-meChyl. 

With  Oxalic  Ether4 

When  oxalic  ether  is  heated  with  zbc-ethyl  and  water  is  afterwards  added,  lende 
ether  is  produced  according  to  the  following  equation : 


c\^'      ^    Zn"j^:  +   2H.0  =   C» 


(C»H»)» 
OC»H* 


Oxalic  ether.  Zinc-ethyl.  Leucic  ether. 

With  Tetrachloride  of  Silicon, 

Si»'Cl*     +     2[Zn''(C«H»)T         -         Si«^(C«H»)*     +     iZn^a*. 
Zinc-ethyl.  Silicium-ethyl. 

Whilst,  on  the  one  hand,  organo-zinc-compounds  are  thus  capable  of  effecting  tba 
substitution  of  their  positive  organic  eroaps  for  negative  elements,  they  can,  on  the 
other  hand,  in  certain  cases  replace  hvdrogen  by  zinc,  forming,  for  instance,  with  am- 
monia and  its  homologues,  a  series  of  zinc-amides.  In  this  direction  the  following 
reactions  amongst  others  have  been  recorded :  § 

Zn''(C«H»)»     +     2N''^     -  .S'Zn'^*       +       2(C»H».H) 
Zinc-ethyl.  Ammonia.  Zincamide.  Hydride  of  ethyL 

Zn-'CC^H*)'     +     2[N70W)H«]     -       #(C^»)2Zn'^«     +     2(C«H*.H) 
Zinc-ethyl.  Aniline.  Zinvphenyliroide.  Hydride  of  ethyU 

Zn(C«H»)«     +     lJ'«(CK)«)H*     =     #(C^»)«Zn'^      +      2(C«H».H) 
Zinc-ethyl.  Ojcamide.  ZIncoxImide.  Hydride  of  ethyl. 

By  losing  one  atom  of  aloohol-radide  the  organo-zinc-compounds  become  monatomie 
compound-radicles,  forming  compounds  which  have  been  but  little  examined.  Tbe 
following  however  have  been  described :  I 

Dinitromethylate  of  zinc-methyl  .    ^^IJo. 

Dinitroethylate  of  zinc-ethyl     ....    ^z^I^SJo. 

Cadmiuic  Sbbies.^ — Only  one  member  of  this  series  is  known,  and  that  very  imper- 
fectly.   Its  properties  appear  however  to  be  analogous  to  those  of  the  zine-componnds. 

Tin  Series.** — A  laige  number  of  organo-metallic  bodies  containing  tin  have  been 
described.  The  following  will  suffice  as  examples  of  the  several  dasees  of  these  com- 
pounds : 

•  HofmannandCahours.Plill.  Trans.  1857,  p.  578.    f  Fran  k1  and.  Phil.  Trans.  lfl68,n.lC7. 
t  Frankland.Proc.  Roy.Socxil.p.896.  k  Frank  l»nd.  Proc.  Roy.  Soc  ▼ill.  p.SOt. 

IIFrankland.  Phil.  Trans.  1857.  p.  W.  S  W a n  k  1  y n,  Chem.  8oc.  Qo.  J.U.  198. 

••  Frankland,  Phil.  Trans.  185S.  p.  417.and  1859.  p.  401.  Cahours  and  Ricbe.  Compc.  rind. 
XXXT.91.  and  xxxvi.  1001.    Lfiwig,  Ann.  Ch.  Pharm.  Ixxxiv.  908.    A.Grimm.  Ann.  Ch.  Phara. 


xcU.383.    Buckton.  Phil.  Trans,  for  1859.  p.  433.    Cahours,  Ann.  Ch.  Pbys.  IrliL  tt.    St  recks. 
Ann.  Cli.  Pharm. cxxill.  365.  '  »rr«:»«. 
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a.  Sitmnouf  C&mpounds, 


Trimetyde  of  tin     . 


b,  TriatOTKtc  Compound*. 
[Sii'"(CH«)*P    I    lodo^methide  of  tin  .     [an"'(CH')*I]. 


c.  Stannie  Ormpeund*, 

StAtinic  methide       .....  Su»'(CH»)* 

Stannic  iodo-trimpthido    .         .         ,         .  Sn»'{CH»)*I 

Stannic  iodo-diincthido     .         .         ,         .  Sa*'(CH»)*I', 

It  is  ieorcelj  oecc-itsarj  to  obB(>nre  that  the  iodine  in  (ho  abore  compoanda  admits  of 
ft^LtubMBiont  bj  Eny  Siilt-furmiag  ntdicles  And  also  hy  oxygi^n  or  sulphar. 

StimwDM*  compomida  are  oil?  liquids  solubW  in  aleubol  and  ether,  but  insolnble  in 
waiter,  iind  posseM  a  pungent  oduur.  Thoy  cunuut.  hv  distilled  vrithoat  do^rompoaition, 
bciiig  rcfeolrc^  into  stannic  compounds  and  ni>  l^iliic  tin.  Thoy  are  iu  a  Htate  of 
jjiirtiiil  c'heraicul  aatnration  oaly,  and  th«>rpfortj  perform  the  part  of  radicles,  combin- 
ing dirwtly  with  chlorioOi  oxygen,  &c.«  and  forming  weill*iii»rked  lx>dic8  of  great 
stubilily. 

Stannous  componntla  are  dtatomie,  and  unite  dirt*ctly  with  frveoxyjfen,  chlorine,  itc, 
to  prwiuce  bodiea  of  the  itannie  furm.  Thna  stmmous  ethide  (onus  with  oxyg^'n,  stannic 
oxidiethide : 


SUnnoiu  etbldr, 


grannie  oxldietKide. 


Stiinnona  coRiponnda  hare  nPTor  xH  been  oliB<'rved  to  play  a  mnnntomit?  part.  No 
triufomic  rt)njpoun<l  bos  l>wn  dir»'ctly  formed  from  a  etannouK  body  ;  the  latter,  under 
the  influence  of  iodine,  oxygen,  &C,.,  EM:'emB  to  paaa  at  once  into  the  stAnnic  form. 

THttttmic  i^mpoHHda  of  the  form  (Sn"!!*  +  )'baT©  hitherto  b«'en  verv  bttle  examined. 
Tbry  are  oily  liquid*,  uniting  directly  with  ne^ttTe  radiele§»  forming  an  extenuTe 
series  of  compounds  belonging  to  the  stannic  cUss,  a  con«»idemUe  number  of  which 
have  b<?en  (itudie<L  The  following  examplea  will  serve  to  show  the  mode  iu  which 
triatoiuic  compounds  of  tliis  form  |>a8a  into  bodies  of  the  stannic  elAS»  : 


[SnlC?H71«   + 
TH-cthiil«  of  till. 


1*      » 


2Sn''(C*'H*)«r. 


Sn''(C*H*)'I 
SuoDk  li«Nlulrl- 


+     I' 


Sn"(C«H*)*I« 


i*l]ii)iI. 

Ko  reduction  of  a  triatomic  ooropouud  to  a  alannouii  compound  bia  yet  been  eflTecteJ, 
hlrhough  it  can  8carce!^  be  doubtni  that  an  ucfueouii  soluMrm  of  diethiodide  of  tin,  for 
iiistaut'*^,  if  iPeated  with  sine,  would  yield  stannous  ftbidt*.  On  the  other  baod, 
stannic  ethide  or  methide  in  contact  with  iodine  is  tran^ifurmed  into  a  trtatomk  ooid* 
poond,  Ti«.,  diethiodide  of  tin: 


2Sn'*(CH*)^Cn»)«   +   !• 
stannic  ethjIo-dinM^hldp.    V 


-      2.Su"(C*H*)q 
or  Un» 


+   4CH«L 

ludld*  of 


Triatomic  compounds  of  the  form  f  Su"'^H+  ) '^irc  very  little  known. 


In  fiict  tbe 


diethiodide  of  Lin,  the  production  of  which  from  stannic  ethylodimethidu  baa  juflt  been 
tnentioQed,  is  the  only  one  known  with  certainty*  It  is  a  colourless  mobile  liquid, 
boiling  with  partial  df^sompotdtiou  at  208°»  and  poesessiog  a  most  insupportabte 
odour,  reaembling  essential  oil  of  must^ani  Heated  witli  excesa  of  iodine^  it  is  trans- 
fonued  into  stannic  iododiethide : 


ISn'VCH*)'!]*   +    r» 
DiethWid*  or  tin. 


-      2Sn''((?H»)1». 
SUnnle  iododtKhlde. 


Slannic  e^mpounds  of  Ihc  form  Sn^'B*  +  are  colourless  mobile  liquids,  possessing 
a  slight  etherc!«d  odour.  Thry  nro  volaf  ile  without  decompotsition^  and  are  very  stable. 
Being  in  the  condition  of  ehemietil  ;^aturation,tbey  are  incapable  of  direct  combintttioa. 
No  body  can  act  upon  them  niiihout  expelling  one  Cft  moim  atoms  of  positiTe  radide. 
Thus,  when  heated  with  hydrochloric  acid,  stannic  ethide  yields  stannic  chlorotriethide 
and  hydride  of  ethyl: 


Sn'^CCH*)* 


+    HCl      - 


Stannic  rbtarDtrl* 
Q  2 


Hydrtdfi 
of  ri;ti||, 
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■p  _  commonly  called  compounds  of  seaqoi- 

stannethyl,  have  been  comparatively  well  studied.  The  oxides  are,  in  the  anhjrdroos 
condition,  volatile,  limpid,  oily  liquids  which  readily  unite  with  water,  forming  crys- 
talline hydrates  which  have  a  powerful  alkaline  reaction,  and  neutralise  the  strongest 
adds,  forming  an  extensive  series  of  salts.  These  salts  are  almost  all  soluble  in  water, 
readily  crystallisable,  and  of  a  very  pungent  odour. 

T»t__  have  also  been  very  completely  inves- 

tisated.  The  oxides  are  white  amorphous  powders,  insoluble  in  water,  alcohol,  and 
e&er.  They  dissolve  in  hydrochloric,  hydriodic,  and  hydrobiomic  acids,  forming 
colourless  and  inodorous  salts,  which  ciystadlise  in  fine  prisms.  Most  of  the  oxysalts 
can  fdso  be  obtained  in  the  crystalline  form,  either  from  aqueous  or  alcoholic  solutions. 
Stannic  compounds  of  this  form  are  readily  reduced  to  stannous  compounds ;  thus, 
when  a  piece  of  zinc  is  plunged  into  a  solution  of  stannic  chlorodietliide,  stannous 
ethide  is  produced : 

Sn"(C*H*)«Cl«  +  Zn"     =     Sn^CC'H*)*  +  Zn^OT. 
Stannic  chlorodi>  Stannous  etblde.' 

etbide. 

Bismuth  Series.* — ^These  bodies  have  as  jet  been  but  verv  imperfectly  investigated. 
Bismuthous  triethide  is  a  colourless  or  slightly  yell6w  mobile  liquid,  having  an  un- 
pleasant odour  like  that  of  stibethine.  Exposed  to  the  air,  it  gives  off  dense  yeUow 
fumes,  inflames  spontaneously,  and  finally  explodes.  It  is  veiy  unstable,  begins  to  de- 
compose at  6(P  or  G0°  C,  and  explodes  violently  when  heated  to  150°  C,  a  temperature 
still  below  its  boiling  point.  No  direct  compound  of  this  body  has  yet  been  obtained  : 
it  behaves  like  a  chemically  saturated  substance,  and  when  slowly  oxidised  in  contact 
with  water,  yields  alcohol  and  hydrated  oxide  of  bismuth. 

When  an  alcoholic  solution  of  mercuric  chloride  is  added  to  an  alcoholic  solution 
of  bismuthous  ethide,  mercuric  ethochloride  crystallises  out,  whilst  bismuthous  dichlor- 
ethide  remains  in  solution : 

Bi"'(C^»)«  +  2Hg''Cl«     «     Bi"'(0*H»)Cl»  +  2Hg''(C«H»)CL 

Bbmuthous  Bltmuthous  Mercitrle 

ethide.  dicbloreihide.  chloretbide. 

From  the  bismuthous  dichlorethide,  the  diiodide  and  dioxyethide  are  prepared  by 
double  decomposition,  whilst  the  simultaneous  action  of  sulphuretted  hydrogen,  water, 
bismuthous  etbide,  and  atmospheric  oxygen  is  raid  to  produce  the  double  compound  of 
bismuthous  sulphide  and  bismuthic  sulphotriethide. 

Lbad  SKRiRS.t — Plumbic  ethide,  Pb*'^(C*H*)*,  and  its  derivatives  only  are  known  in 
this  series. 

Plumbic  ethide  is  a  colourless  limpid  fluid,  soluble  in  ether,  but  insoluble  in  water, 
and  possessing  a  faint  odour.  It  is  not  acted  upon  by  oxygen  at  ordinary  temperatures, 
but  dilorine,  bromine,  and  iodine  act  violently  upon  it.  Plumbic  ethide  belongs  to  the 
dass  of  saturated  bodies,  and  is  consequently  incapable  of  forming  compounds.  When 
it  is  treated  with  hydrochloric  acid,  hydride  of  ethyl  separates  and  plumbic  chloro- 
triethide  is  formed : 

Pb»»(C«H»)<     +     HCl      =      Pb»'(C«H»)H:!l     +     0*H»H. 
riumbic  ethide.  Plumbic  chloro-  Hydride  of 

triethide.  ethyl. 

From  plumbic  chloro-triethide  the  sulphate  and  other  salts  can  be  prepared  by 
double  decomposition.  These  salts  may  also  be  obtained  still  more  readuy  from  the 
oxide,  which  is  a  crystalline,  volatile,  pungent  body,  possessing  a  powerful  alkaline  re- 
action, and  attracting  carbonic  acid  from  the  air. 

Mb&cubic  Sebies.^ — ^This  series  is  conflned  to  bodies  of  the  mercuric  type,  no 
OTgano-mercurous  compound  having  been  yet  produced.  The  following  are  examples 
of  bodies  belonging  to  this  series : 

SrjTTt 

NO" 

*  B  reed,  Ann.  Ch.  Pharm.  Ixzxii.  106 ;  D  U  n  h  au  pt,  Ann.  Ch.  Pharm.  xcil.  871. 

t  LSwig,  Ann.  Ch.  Pharm.  Ixxxviii.  818 1  Buck  ton,  Phil.  Trans.  lM9,p.  417. 

t  Frankland,  Phil.  Trans.  18St,p.  436,  and  Phil.  Trans.  IS.'iQ.  p.  409  ;  Daohanpt,  Ann.  Ch. 
Pharm.  xciL  371  ;  S  t  r  e  c  k  e  r,  Ann.  Cfh.  Pharm.  xcli.  57 ;  B u  c  k  t  o  n,  PhU.  Trans.  ISM.  p.  163  and 
i859,p.417.    Frankland  and  Doppa,Joam.  of  Chem.Soc.xri.  p.  415. 
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_       Mt'K'uric  melhid^^  mcreuric  •ihide  and  tnerctmc  Hmylid<«  *re  i<olQarU>««,  ttheiyal, 

■Yvilntilt*  liquida,  insoluUein  water,  but  solDble  in  uJcohol  and  ether,  and  pcN?s«88ioggr«at 

*  itiibility.     They  are  in  a  vt4kte  of  maxiiuuta  saturation,  and  cannot  therefore  unite  vritJi 

Hny  other  body  without  the  displacement  of  an  e<]iiiyalent  of  positive  radicle.      Thus 

with  bromine,  mercuric  ethide  gives  bromide  of  ethyl  and  aennuic  ethylobromide : 

Hg-lC*!!*)*    4    Br»      ^      Hg"(C«H»)Br     +     (?H*Br. 
Hifrcuric  rthlde.  Mt^rcLirtc  Broinld*  of 

cth)lobromide,  cthyL 

MeTLniric  methide  poaaeAsei  the  highest  specific  gravity  of  any  known  noQ<metallJc 
lu^itid  (3^069).  Flint-glass  consequently  fbats  upon  its  surface.  Brought  into  contact 
with  mercuric  iodide,  mercuric  mcthide,  meFeurie  ethide  and  mercuric  amylidc  are 
converted  respectively  into  mercuric  methiodide,  mercnric  ethiodide  and  mercuric 
amyliodide : 

Hg^(CH')'    +    UgP      -      2[Hg(CH»)I]. 
Mfrciirk  Mercuric 

in«U»l<Je,  tncthfodldft. 

The  reaction  with  mprcuric  chloride  is  exacttr  analogous.  The  hydrates  of  mercuric 
methoxide  and  mercuric  ethoxide  are  caustic  alkaUDe  bases,  capable  of  ejtpelling  am- 
monia fiom  its  soltK,  and  behaving  in  a  manner  aimHar  to  the  corrc«ponding  mon&tomic 
compounds  of  tin  and  lead.  The  remaining  mprcury-compounds,  which  may  be  con^ 
ttidered  as  dmvativea  of  these  two  bodies,  are  represented  in  the  abov«  list  hr  the 
iodides  and  nitrates :  they  genemlly  <3ystallise  venr  rendily,  and,  with  the  exception  of 
the  haloid  compounda,  are  solublo  m  water.  The  behaviour  of  mercuric  methide, 
ethide  and  amylide  in  contact  with  zinc  has  already  been  described  as  the  basis  of  a 
methocl  for  prtx'uring  the  woe-compounds  of  the  respective  hydrocarbon  radicles.  When 
the  iodide,  bromide,  or  chloride  of  an  organo-mercurial  body  is  treated  with  an  organo- 
zinc  compound,  the  negative  element  becomes  repUoed  by  the  akohol-radLcle  of  the 
zinc'Compound  ;  thus,  when  mercuric  mr'thiodide  is  treated  with  zinc^methyL,  mercnric 
met  hide  is  produced.  And  it  is  baEcred  that  by  acting  upon  mercuric  ethochloride 
with  zinc-mot  byl,  mercuric  ethylomediide  is  formed: 

2[Hg"(C«H*)Cll     +     Zn-CCH')*      -      2fHg''(C»H»)(CH>)]     +     Zn'-Q', 

mercuric  ethochloride.  Zl(ie-tnetti|'l.  Mercuric  «th}'L(m)ethkl«. 

bijt  this  body  has  not  yet  been  obtained  in  a  Ktute  of  purity  ;  distillation  gradually  rc- 
Njlves  it  into  mercuric  metbide  ruid  mercuric  ethide: 

2[Hg"(CH*)(CH")]       ^       Hg-fCH*)'     +     Hg''(C*H')'. 

MercuHc  ett>y1oiuel)ilii«.  M«rcuric  Mt-rcuric  rihtdei 

tai^Llilde. 

AimicoxY  SsniKS,* — This  important  sen  is  of  oipuio-metallic  bodies  contains  a 
greaternumber  and  variety  of  compounds  than  any  other,  with  the  n[ceptJon  of  the 
araanic  aeriea.  The  remarkable  pol^y atomic  ciiaracter  of  antimony  and  arsenic  not  only 
renders  the  poasible  number  of  their  organo^conipounds  verj'  large,  but  the  variations  In 
the  proportions  of  the  positive  and  negative  molecules  gives  an  extremely  wide  range  to 
their  chemical  character,  extending,  as  it  does,  from  nighly  caustic  bases  on  the  one 
hand  to  powerful  bibasic  acids  on  the  other.  The  following  are  the  principal  compounds 
belonging  to  this  series : 

Trim  e  thy  Istibine         ,...,....  Sb'iCHY. 

Antimooic  Trimethoxide 8b*(CH')*0, 

Iodide  of  tetramethylstihoninm  or  antimonic  tetramethiodide        .  Sb»(CH')*L 

Hydrate  of  tetramethylstiboninm  or  ant imonic  tetramethylhydrate  Sb»( CB*)*(  HO). 

AntimonicTrimethosulphate Sb%CH*)\i^O*)" 

AniimouicTriamylniLrate 8b'(CIl\)"^N0*)^ 

It  is*  remarkable  that  we  have  us  yet  no  decisive  evidence  in  this  series,  of  the  ex- 
t.H(€Qce  of  a  compound  eorreapondiitg  to  cacodyL  It  is  true  that  such  a  bod^  h&s  been 
described  under  the  name  ol  tttbfnmttgl,  bnt  subsequent  cxfieriments  have  failed  to  con- 
firm its  existence.  Amongst  orTSfano-antimony  compounds,  therefore,  the  moat  eiraplo 
form  is  Sb^'K'^  .  Bodiefl  of  this  form  are  the  analogucH  of  ammonia,  and  need  not 
be  here  further  noticed.     The  peutatomic  orgHno-antimoiUHl  compounds  of  the  form 

^^*  in  ~.^^^  ^^'^  '^^  ^'^^  analogues  of  ammouium-oompounds. 

R'— 
Whc^n  two  atoms  of  K—  are  replaced  by  diatomic  onygun,  these  compounds  constitute 

•  t.riMifr.  Afin.  Cli.  VUstrm.  ix%v,3t\  ;i;!7  j  La  u  do  II,  lA^*  Jxjivijj.  til  i  Buck(oti,  Clicm.  Soc. 
Q  J.  J.  a»UK  Uj  ,  Hut  111  aD  II,  tbiit.  xU  2Uk 
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what  may  be  termed  biadd  antimony  bases.    TUey  are  formed  either  by  the  direct 
union  of  the  stibaminee  Sb'^'  +  with  oxygen: 


ill  ^  ^  -  ^M 


or  as  hydrates  by  the  deoompoeition  of  the  corresponding  haloid  compounds  by  means 
of  potash:  thus — 


Sb'l^p"**     +      2KH0       -      Sb-I^i,,    +    2KC1. 


i(OH)« 


The  stibamioes,  although  in  other  respects  the  perfect  analogues  of  the  nitraminee 
here  eridently  exhibit  a  much  more  highly  positive  character,  uniting  with  oxygen  eo 
energetically  as  to  be  spontaneously  inflammable  in  the  lower  portion  of  the  tsenCB. 

The  biacid  antimony  bases  are  colourless,  transparent,  amorphous,  and  viscous 
bodies ;  the  ethyl  base  is  easily  soluble  in  water  and  alcohol,  but  somewhat  less  soluble 
in  ether.  They  possess  a  bitter  taste,  are  non-volatile,  and  do  not  suffer  any  change 
when  exposed  to  the  air.    Treated  with  potassium  they  are  reduced  to  stibamines : 

Sbj^^V      +     2K         «         Sb'~|K+      +     2KH0. 

Fuming  nitric  acid  decomposes  the  biacid  bases  with  ignition  ;  but  when  they  are 
treated  with  dilute  nitric  or  other  add,  the  respective  biadd  salts  are  produced.  The 
o^salta  are  soluble  in  water  or  alcohol;  most  of  them  crysUdlise  without  much  diffi- 
culty, as  do  also  the  antimonic  biniodides  ;  but  antimonic  triethobromide  and  trietho- 
chloride  are  liquids  not  volatile  without  decomposition,  insoluble  in  water,  but  soluble 
in  alcohol  and  ether. 

The  existence  of  antimonic  triethoxiodide  has  been  proved  by  Strecker.  It  had 
previously  been  regarded  by  Merckasa  protoiodide  of  stibethine  (Sb(C'H^)^). 

Absknic  Sbbiss.* — This  series  is  perhaps  the  most  important  and  interesting 
amongst  organo-metallic  bodies;  it  contains  the  first  discovered  oigano-metal,  cacodyl, 
the  classical  investigation  of  which  by  Bun  sen  not  only  imparts  a  completeness  to 
our  knowledge  of  this  series,  but  has  afibrded  the  clue  to  the  successful  intei^nvtation 
of  many  phenomena  met  with  in  other  analogous  families.  It  will  be  convenient  to  divide 
its  very  numerous  members  into  throe  groups. 

A.  Oigano-arsenical  compounds  of  the  type  i*  i  j  R^ 

B.  Organo-arscnical  compounds  of  the  type  A8'"R*. 

C.  Oxgano-arsenical  compounds  of  the  type  As'R*. 

All  arsenical  compounds  permit  of  being  arranged  under  these  three  types.  The 
following  are  a  few  of  the  pnndpal  bodies  already  investigated : 

A.  Oigano-arsenical  compounds  of  the  type  As»|5, 

Cacodyl As«(CH«)* 

Ethylic  cacodyl .  ,        As«(C«H»)«. 

B.  Organo-arsenical  compounds  of  the  type  As^K*, 
Chloride  of  cacodyl    .         .         .         As'"(CH»m 


Chloride  of  cacoplatyl         . 
Arsenious  oxymcthide 
Arsenious  dichloromethide 
Trimethylarsine 


A8'"(CH»)(CPt'"H)Cl 
As'XCH'VO" 
As'"(CH«)Cl« 
As'"(CH«)«, 


C.  Organo-arsenical  compounds  of  the  type  As^K». 
This  group  may  be  conveniently  divided  into  four  families  or  sub-types,  viz. : 

a.  Bodies  of  the  form  As^  I ]^<^  and  their  derivatives: 

Monomethyl-arsenic  acid    .        .        .        ,        Afl'(CH")0''(HO)* 
Arsenic  oxydichlormethide .  .  As'(CH*)0''Cl* 

Arsenic  tetrachlormethide  •        .        ,        ,        A8'(CH«)C1*. 
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Lies  of  the  form  As* 


5R»  + 


nod  tbeir  denTatiTes : 


Ciicodylic  acid Ab'(CH»W7H0) 

Tenshlorideofcacodyl        ,        ;        ,        .     Ai'(CH'ya". 

e.  Bodies  of  the  form  Aa'I^^ ,  and  thm  deiivntiTefl  : 

AMenic  triethooddft Ai'(C«H*)*0" 

AisenicfriethoKilphMe       ....    Ai»(C»H*)\80*r 
Artesnic  tricthocWoride       ....     As*(C*H*)*Cl». 

d,  BodiM  of  the  form  A«^  |  ^  ^ 

Hydmted  oiidc  of  tetramctbyUrsomum  or  anenic 

Mmmethydfate       .         .         .         .         .         .         A»'(CH»)*(HO> 

Iodide  of  tetiumethylit»omum  or  ftrsoDic  tetrameth- 

iodide     .        .        .        .        .        .        .        .        Aj*(CH7L 

Nitxate  of  dimeth^l-diethyliLrsoQiiim   or    anenic 

dimethyUdipthyluitmte As'(CH»)XCm»)»(NO*). 

The  OFgano-arsenieal  compounds  belonging  to  the  type  As'jt?!  contain  onlj  posi- 

tiT«  radicles.  Thej  are  rolutiio  poisonons  liqoids,  ineoltibk  in  water,  but  very  soluble 
in  aJrohol  and  ether,  tmd  jiosseta  an  insupportable  odour,  Th«  lower  members  of  thn 
family  are  spontaneously  inflammable,  wnibt  the  higher  ones  also  rapidly  oxidise  in  air. 
They  tmite  with  negative elemetits  with  great  energj',  manifeatingin  theircombiiiatlons 
cither  a  monatomic  or  a  triatomic  character,  and  producing  bodies  eirhcr  of  the  form 

1^  _     or  As*j^,_.     Thus  caoodyl  forms  with  chlorine^  chloride  of  caoody) 

aud  trichloride  of  cocodyl : 

^i(CH»)'      *     *^^'       ^      2[As*"(CH^*Cl]. 
C*cod]rl .  Cbtoride  of  CAC«jd;  J . 

A^icCH'^     +     ^''      -     2[As•(CH')•a^. 

C4cud/1.  Trichloride  of  cacodjt. 

Heated  te  400^,  cocodyl  splits  up  into  metallic  arsenic,  hydride  of  methyl,  and  olefisnt 
giis: 

Ak*(Cn'}*       -       As*     4-     2(CH"H)     +     C*H1 

CNjrodjrI.  Hjdrldfl  of  methyl.        Eihylme. 

BodicK  of  this  typo  cmii  bfi  regenerated  by  reducing  ugenta  from  mauy  of  their  mon* 
atomic  compounds ;  thus  chloride  of  eaco^iyl  aud  metallic  zinc  give  cacodyl  and  chloride 
of  tine : 

Organo-arsenicaJ  compounds  of  th«  tjrpe  As"'A'  are  of  three  forms,  tis.  : 

(I)    A.-E«+  (2)    A."j5'l  (3)     Ai.-j|,t 

Those  belonging  to  the  first  are  termed  artinet,  and  are  the  analogues  of  ammonia; 
but,  like  the  corresponding  antimony  compoands,  in  addition  to  their  alkaloid  fanction, 
they  have  the  power  of  eombining  with  two  negatiTo  atoms,  forming  bodies  of  the 

sub- type  Ah^  !  j.^    .     Thus  tricthylarBine  combinea  with  oxyge»  to  form  arsenic  oxy- 

triethide.  The  lower  members  of  the  type  poasesa  this  property  to  such  an  extent  as 
to  render  tliem  spontaneously  inflammable  in  the  air. 

Compounds  bt longing  to  the  Recondof  the  above  forms  are  produced  by  the  direct 
combination  of  the  cacodyls  with  negative  elements.  When  the  raegative  element  ia 
oxygen,  the  diatomic  character  of  the  latter  doubles  the  tyxw,  which  then  bei^omes 

As*JE^-f .     The  oxides  are  bases  of  oompaiu lively  feeble  power^  slowly  combining 

with  water  and  two  additional  atoms  of  oxygen*  to  form  acidsi.  Thus  oxide  of 
cacodyl,  by  ex|)OffQrc  to  air  and  moisture,  slowly  pasbes  into  cacody lie  acid  i 

A«XCH')<0"     -♦-     0-^     +     mo       =      2As'(CH»)'0''(0H). 
Oxide  of  cftcodyl.  C^wnlj  lie  acta. 

The  rldoriue,  bromiDcs  and  iodina  compounds  of  the  form  wc  arc  now  cousidcring 
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are  volatile  neutral  bodies,  which  may  be  regarded  as  the  haloid  salts  of  caoodyl 
Heated  in  contact  with  platinic  chloride,  the  cacodyl  presents  an  intereBting  reaction 
two  atoms  of  hydrogen  in  the  chloride  of  cacodyl  become  replaced  by  a  diatonic 
molecule  of  platinum,  producing  chloride  of  cacoplatyL 

fCH»  fCH« 

As'"JcH«     +     Pt^a*        -        As'"JcPt'^     +     2HCL 
la  I    CI 

CMorlde  of  cacodyl.  Chloride  of  caoopUtjl. 

Cacoplatyl  forms  a  series  of  compounds  anal(^us  to  those  of  cacodyl. 

The  only  compounds  of  the  third  form  yet  known  bebng  to  the  methTlie  group. 
Arsenious  oxjrmethide  is  a  crystalline  body  of  a  neutral  character,  soluble  in  water, 
alcohol  and  ether,  unchanged  bjr  exposure  to  air,  but  transformed  by  distillation  with 
hydrate  of  potassium  into  arsenious  acid  and  oxide  of  caoodyl : 


An«Dioai  ozymethide.  O&ide  of  caeodyl. 

Hydrochloric  add  conreits  it  into  azsenious  diehlonnethide : — 


r 

sits  it  into  azsenious  diehlonnethide : — 

As'"  r^.   +   2Ha    =.    As"'!  a  +   gjo*, 

Anenioot  oxym^thlde.  ArMoioui  diehl  onnethid«i 

Hydrobromic  and  hydriodic  acids  produce  a  perfectly  analogous  change,  whilst  sul- 
phuretted hydrogen  transforms  it  into  arsenious  sulphomethide. 

The  chlorine,  bromine,  and  iodine  compounds  are  neutral  bodies  of  considerable  sta- 
bility ;  the  two  former  are  liquid,  the  latter  solid  and  crystalline.    By  the  action  of 

chlorine  or  oxidising  agents,  they  are  transformed  into  bodies  of  the  form  As^  ]  ^^ 

Organo-arsenical  compounds  have  been  more  thoroughly  iuTestigated  in  the  direction 
of  the  type  As^B*  than  in  any  other ;  consequently  we  find  these  bodies  rather  nn- 

■D  _  which  latter  bodies  are 

the  strict  analogues  of  the  compounds  of  ammonium. 

The  Sub-type  As'Jj^i^  has  yet  only  been  explored  in  the  methylic  group.     Tho 

oxygen  compound  constitutes  anhydrous  monomethyl-arsenic  add,  a  direct  derivatiTe 
from  arsenious  oxymethide  : 

As7CH»)0"     +      AgK)"     -     A8'(CH«)(5«     +     2Ag. 

Arsenious  oxymethide.  Monomethylaneoic  add. 

This  add  is  dibasic,  forming  stable  and  well-defined  crystallisable  salts,  the  fonnuls 
of  which  are  represented  by  the  general  expression :  AB\CH*Y)''(MOy, 

The  chlorine  compound  is  exceedingly  unstable ;  it  may  however  be  formed  at  — 19^  C, 
but  is  transformed  at  0^  C.  into  arsemous  chloride  and  chloride  of  methyl: 

As»(CH»)Cl*       -       As"'a«     +     CH«CI. 
Artenic  tetrachlormetbide.  Chloride  of  methyl. 

Arsenic  oxydichlormethide  is  a  somewhat  more  stable  body  formed  by  the  direct 
union  of  chlorine  with  arsenious  oxymethide. 

As^XCH")©      +     Cl«      «      As'(CH»)0-a«. 
Arienloiu  oxymethide.  Anenic  oxydichlormethide. 

NcTerthdess,  even  this  compound  readily  decomposes,  with  evolution  of  chloride  of 
methyl 

Sub-type  As^  jj^,_  The  oxygen-compounds  are  feeble  monobaedc  adds  of  which 
cacodylic  add  may  be  regarded  as  the  representative.    They  are  derived  firom  the 

bodies  IlbH  R'  +  <iiroct  oxidibioa      as  already  described.    Cacodylic  add  is  remazk- 

lo 

able  for  its  stability;  neither  fuming  nitric  add  nor  a  mixture  of  sulphuric  and 
chromic  adds  attack  it,  even  at  the  boiling  point,  and  it  may  be  heated  to  200^  with- 
out alteration.  Although  it  is  soluble  in  water  and  contains  upwards  of  64  per  cent, 
of  arsenic,  yet  it  is  not  in  the  least  poisonous.    Several  agents  reduce  cacodylic  add  to 
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th<^  urBetiiotw  or  erren  to  thti  dmionuc  Ibfin.    Tbai  pEosphofus  ftcM  tranafomu  It  into 

C«eodf  lie  acid*  C^rodyl.  PtMsphorlc  idd. 

Zbc  Abo  prodocefl  th«  came  f«siilt    Hjdhodic  acid  giui  cooTerU  emoodjlic  acid  bio 
ftiMiikiiifl  dimethiodida: 


2^Vj»' 


ucwr 

i    OH 


SHI       - 


-((CH»)' 


2IP0. 


Thft  ftcid  chancti^r  of  this  bodjr  is  so  aU^htly  mark«d  as  to  render  it  cafmblci  of 
forming  compomid*  in  which  it  appears  to  ptay  the  pstrt  of  a  basei,  Thua  with  hydro- 
fluoric,  hydrochloric  and  hjdiohroouc  odds,  it  formn  the  foUowing  compouods : 


-■{i' 


E0)\ 


Ab* 


(CH"V 
(HO)' 

a 


aad    Ab" 


ncwy 

CHO)« 
1  Br 


Sulphocacodylic  add  hHA  not  jet  been  isolntCMi,  but  its  saltt  prrsent  ihe  sain«  rela* 
tiona  to  tboge  of  cacodylic  acid,  as  aaUs  of  gulphur-iicid*  geueniily  bear  to  ihoee  of  ojtj- 
acidi.    Their  fonmihi  is,  A»*(CH")»8'XMS), 
( R.'    -^ 

The  8ub-typ€  As'  j  j^,   _  halt  hithertg  been  xrry  little  explored,  but  so  far  aa  it  a 

known,  iti  memb«n  bear  bo  doie  a  resemblatico  to  their  analognea  in  th^  antimony- 
seriM,  aa  to  require  no  farther  notice. 

TKLxtTBirjic  BiBixa.* — ^The  close  relations  of  tdlurium  toBulphor  and  Bcleniam  pliice 
tbe  bodifls  of  this  series  in  the  same  positioa  with  regitrd  to  the  sulphidoB  and  eelenidett 
of  the  alcohoUmdiclofi  as  thi>  anttmony  and  arsenic  series  stand  in  relation  to  the  cor- 
responding compoun^lB  of  phosphoruu  aod  nitrogen. 

The  following  are  some  of  the  chief  bodies  belonging  to  this  i 

TeUnriiun -TO  ethyl 
Ti^Uurous  dimethoxide    - 
Telltirons  dieihiodide       « 
Telliiroas  diethosnlphate 

The  oompoiindit  of  the  alcohol-radicles  with  tellurinm  are  Toktile  liquidii  of  most 
tinbearablp  odour.  They  oxidise  readily  in  contact  with  air,  forming  the  respectira 
oxides.     Telluriam-amyl  has  not  yet  been  obtained  in  a  state  of  purity. 

The  oxides  of  these  bodies  are  powerful  ba^es,  pxp<:'Uing  ammoniii  from  its  salts,  and 
nttmcting  carbonic  acid  from  the  air.  They  form  fialLa  of  con.Hi  Jerable  stability,  which. 
Bfl  well  na  the  oxides  themselves,  yield  the  original  orgunott'llurinm  componnds  whsn 
treated  with  sulphuroiis  acid : 


Te(CH^* 
Te(CH«)»cr 

Te(C«H»VP 
T«<C«H*)»(SO»)". 


Te" 


u(m*y 

Trllirrout 


+     S'' 


^o- 


)(0H)» 

Sutphuroiii 


=    Te"(C'H*)*     + 


Tellurluni 
cCJijl. 


="ir 


HOH)' 

Su1t>Hurle 
Mid. 


Constitution  of  Organo-metnUre  Bodict. 


Otigano*metallic  bodies  may  be  regarded  as  constructed  upon  tbe  types  of  the  in- 
organic chlorides,  EulpbideB,  oxides,  «c.,  of  the  respectire  metals  which  they  contain, 
the  chlorine,  oxygon,  Eulphur,  &o.,  being  replaced  in  equiralent  proportion  and  fre- 
quently st^'p  by  strp  by  ih«»  alcohol- radicles. 

A  rttference  to  the  formuiro  of  organo-potassimni  sodlnm,  and  lithinni  compounds 
when  disentangled  from  that  of  the  ainc-com pound  with  which  they  have  hitherto 
remaiDed  insepamtely  associated,  ^ows  that  thcnr  are  formed  npon  ihe  monatomio 
type  of  the  protochloridea,  kc,  of  these  metals,  MCL 

The  zinc,  cadmium,  and  TOGfctuy  compounds  are  all  formed  upon  the  diatomic  type, 
represented  by  the*  chloride  of  zinc,  Zn'Cl* 

In  like  manner  organ  o-alnminium  compoundii  ore  formed  upon  the  type  of  the  tri- 
chloride of  that  metal,  AFCl*. 

Organo-tin  compounds  arc  represented  by  the  three  chlorides  of  tin:  Sn'Cl*,  Sn""Cl\ 
en^'ClT 

•  WJibltr,  Ann.  Gb.  PhArm.  aur.  113,  luab.  69*  MalU(,  ibid,  luia  ta%  Wdhlir  aad 
0c*n,tfiU.xclLi.S^ 
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The  componnds  of  the  bismuth-sciiflf  are  represented  by  the  trichloride  of  biomiith 

and  by  bbmuthic  acid :  Bi'Tl"  and  Bi'  j  ?Q^\t 

Organo-lead  compounds  are  arranged  under  the  type  of  peroxide  of  lead :  Pb*^  ]  q.» 

The  arsenic  and  antimony  series  have  for  their  types  the  following  inorganic 
compounds : 

Xk«||I  As'^a*  Afl'l^g  Sb'Tl"  Sb-Cl*. 

The  inorganic  models  for  the  tellurium  series  are  chloride  of  tellurium  and  telluroos 
acid :  Te'Cl'  and  Te*'0«. 

Occasionally  an  abnormal  compound  has  made  its  appearance,  such  as  ethostibilic 
acid,  Sly»(C«H*)*0»  or  iodide  of  triethylstibine,  Sb(C«H»)»J ;  but  further  research  has 
inrariably  demonstrated  the  incorrectness  of  such  formuls  and  the  conformity  of  the 
bodies  with  the  normal  inorganic  types.  Indeed  this  law  may  now  be  regarded  as 
completely  established  so  as  to  be  applicable  to  the  control  of  the  formulss  of  new 
or^no-mctallic  bodies. 

From  the  point  of  view  thus  afforded,  it  is  interesting  to  watch  the  effect  of  the 
substitution  in  metallic  compounds,  of  basylous  or  positive  for  chlorous  or  negatiye 
radicles.  Such  a  substitution  affords  striking  evidence  of  the  dependence  of  the 
chemical  character  of  a  compound  upon  that  of  each  individual  constituent.  The 
highly  polvatomic  metals,  such  as  arsenic  and  antimony,  exhibit  this  dependence  in  the 
most  conclusive  manner.  Thus  tribasic  arsenic  acid,  by  the  substitution  of  methvl  for 
half  an  atom  of  oxygen,  yields  the  dibasic  monomethyl-arsenic  add,  a  well-defined  acid 
of  considerable  energy,  though  inferior  in  chlorous  power  to  arsenic  add.  The  like  sub- 
stitution of  a  whole  equivalent  of  oxygen  by  methyl  reduces  the  chlorous  character  of 
the  body  t^  the  comparatively  feeble  condition  in  which  we  find  it  in  cacodylic  add, 
which  is  incapable  of  forming  an  ammonia-salt  A  similar  substitution  for  the  third 
time,  over{>owers  the  add  attribute  of  the  compound  altogether,  and  we  now  have  a 
feeble  biadd  base,  the  arsenic  oxytrimethide,  wnich  again,  by  the  exchange  of  oxygen 
for  a  fourth  atom  of  methyl,  is  transformed  into  the  oxide  of  tetrameth^WBonium,  a 
base  of  such  energy  as  to  be  comparable  with  the  caustic  alkalis  themselves. 

The  behaviour  of  the  oivano-metallic  bodies  teaches  a  doctrine  which  affects 
chemical  compounds  in  general,  and  which  may  be  called  the  doctrine  of  atomic  satu- 
ration. Each  element  is  capable  of  combining  with  a  certain  limited  number  of  atoms ; 
and  this  number  can  never  be  exceeded,  although  the  energy  of  its  affinities  may  have 
been  increased  by  combination  up  to  this  point  Thus  zinc  appears  to  attain  its  atomic 
saturation  by  uniting  with  two  atoms  of  another  body ;  in  other  words  it  is  diatcnnic ; 
consequently  the  zinc  compounds  of  the  alcohol-radicles,  notwithstanding  their  intense 
affinities,  are  incapable  of  direct  union  with  other  bodies.  The  action  of  chlorous 
elements  upon  them  is  one  of  substitution,  not  of  combination.  Polyatomic  metals  ex- 
hibit the  same  phenomenon.  An  atom  of  tin  cannot  combine  with  more  than  four 
atoms,  an  atom  of  arsenic  or  antimony  with  more  than  five  atoms  of  other  bodies ;  but 
in  the  combination  of  polyatomic  metals,  we  frequently  notice  between  the  lowest  and 
the  highest  compound  one  or  more  intermediate  points  of  exalted  stability ;  thus  anti- 
mony has  a  triatomic  stage  of  comparative  stability ;  nitrogen,  phosphorus,  and  arsenic, 
whilst  exhibiting  a  similiu:  triatomic  stage,  have  also  a  diatomic  one,  though  of  greatly 
inferior  stability ;  whilst  the  existence  of  nitrous  oxide  and  of  the  organic  compounds 
recently  discovered  by  Griess  renders  it  more  than  probable  that  nitrogen  has  a  third 
and  monatomic  stage. 

In  bodies  possessing  at  least  one  stage  of  stability  below  saturation,  and  in  which  all 
the  atoms  united  with  the  polyatomic  element  are  of  the  same  kind,  the  stage  of  max- 
imum stability  is  very  rarely  that  of  saturation.  Thus,  in  nitrogen,  arsenic,  and 
bismuth  compounds  of  the  kind  just  mentioned,  the  stage  of  maximum  stability  is 
decidedly  the  triatomic  one  ;  in  antimonial  compounds  of  a  similar  nature  the  triato- 
mic is  also,  though  less  decidedly,  the  stage  of  maximum  stability,  whilst  in  phospho- 
rous compounds  the  points  of  maximum  stability  and  of  saturation  generally  ooindde. 
When,  however,  the  atoms  united  with  the  polyatomic  element  are  not  of  the  same  kind, 
then  the  stage  of  maximum  stability  usually  coincides  with  that  of  saturation.  Thus 
the  oxide  or  dichloride  of  triethylarsine  or  triethylstibine  are  more  stable  than  triethyl- 
arsine,  or  triethylstibine  themselves  ;  but  this  pentatomic  stability  reaches  its  dimax  in 
arsonium,  stibonium,  and  phosphonium  compounds,  as  it  does  also  in  the  corres- 
ponding compounds  of  nitrogen,  although  the  latter  element  exhibits  a  much  strongrr 
tendency  towards  universal  triatomic  stability  than  its  chemical  associates. 

In  polyatomic  organo-metallic  bodies,  it  is  remarkable  that,  with  few  excetpfions, 
the  positive  hydrocarbons  hold  their  position  much  more  tenaciously  than  the 
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Luiyttigii  cionaUtucntu ;  and  we  thtu  frifqariitlv  Hud  the  farmer  ftcTomcKftii ji d^ 
thtf  tbit/lal  thn>ngh  a  ^Mt  number  of  compaaiiaB*  Heoee  tLd  group  forniea  by  the 
metiil  and  poftitir<»  hjilrocarbon*  has  come  to  be  irgarded  as  s  compound  radiclt*.  rhti» 
cm(»djl  ia  conGeiT«d  to  be  the  radide  of  th*»  whale  aenes  of  cacodyl  conipoundi*-  Bat 
however  grrat  may^  be  tb<*  couvenience  of  this  nuAe  of  Tiewiug  or^ano-inftaUic  coni- 
potiudii,  and  the  aiima  taod«  haa  Dotonotislijr  been  oxtcndiHl  to  noarly  all  ot^ganic  bodies, 
il  mmH  not  be  forgottan  that  it  is  a  pnrolj  ailificial  distiiictbn,  which  haji  no  tv'aI  <<x- 
iat«iie«4  either  in  tba  eaaa  of  organo^metallic  bodies,  or  in  that  of  organic  bodies  in 
g(*nrniL 

A  clo»e  cXAmmatioD  of  tha  habita  of  the  ao-caUed  origan o-metallio  radidea  ahowa 
i^li^^rly,  that  thpir  atomic  power  dependfl  upon  their  poaitioD  with  regard  to  the  etagv^ 
of  stability  and  maximum  aaturation ;  tbu&  thoj  aro  mouatomic  when  tho  number  of 
positive  gruupa  is  one  leaa  than  thiit  rt^nired  to  reach  either  the  maximum  satoration 
of  the  metal,  or  a  lowpr  stage  of  htability.  Cacodyl  and  t«^trdmelLylar«onium  (the  aingli- 
(item),  for  inttiance,  arc  niouiitonifc  ru<iie](«,  becuuae  they  at^  rc8{^)«c'tiYcly  one  atom 
abort  of  the  stage  of  stability,  and  of  maximum  saturation : 
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It  is  obrious  that  a  compound  radido^  tlie  ntimli^r  of  whoee  posiitire  atomjt  iis  below 
that  of  a  etaga  of  stability,  can  have  u  double  atomic  chardcter.  Thus  cocody]  in 
aoRiethnea  mooatomic,  ah  in  oxide  of  cacodyl;  iiml  sometiinea  triutomic,  xus  in  e^ctxiylic 
aeid.     Agftin   ancQio-monomethyl  (AtiCH')   is  diulomic   in   un^enioua  oxymc'ttiid(\ 

(CH"  .  .      .  i^^ 

^"*]n'*  t    andtetnitomiein  moQomethyUraeiiieaeid:  Afi^  10" 

'"  {(OH)' 

ORfftAjriTM.     See  MAOJOiUM. 
OH'OPIOir*     Syn.  with  Rock-sojlp, 
OSPXBiSVT.     Native  trisulphido  of  arsenic  (i.  387). 
OSBSZIitiS.     Syn,  with  Archil. 
0mSSXiIt£6XC   ACI9.     Syo.  With  OttSELLiNic  Acid. 

OR8£liI«ZC  ACXO,  Stenhouae  deatgiiated  the  add  obtained  from  South  Ameriean 
RocvtlU,  by  maceratioo  with  milk  of  lime,  &c.,  as  nH^rsellic,  and  thjit  pre[iared  in 
like  manner  firom  South  AMcan  MotXtJIa  as  3^rfleUio  add  The  formrr  is  very  much 
like  lecanoric  add  (iii.  5S5\  and  perhaps  identical  with  it.  Thi>  Litter  is  con- 
tained, together  with  rocct:llioiu  {q,  t?.)  m  the  predpitute  thrown  down  by  hydro* 
chloric  add  from  the  Ume-extract  of  the  Cape  lichen  ;  on  exbnuAting  this  prt-cipitate 
repeatedly  with  water,  the  roceeUiuin  remains  undiiH«olved,  while  the  ^ntelHe  add 
dTstaUises  from  the  filtrate^  It  appears  to  be  aomewhut  le«8  Aoluble  in  boiling  water 
fhnn  o-oraellic  acid,  and  gires  u  black  predpitate  with  acetate  of  lead.  It  has  however 
the  F^ame  comDoeitioD  as  a-orf^eUic  and  lecanoric  add,  forms  salts  exactly  resembling 
the  latter,  and  behaves  in  the  same  manner  with  alcohol,  alkalis,  hypochloritee,  &c. 
The  two  acids  are  therefore  often  regarded  aa  identical  (feJee  Gm,  xii.  377  ;  xvi,  294 ; 
Oirh.  ill  7&7.) 

ams£X.X.X]rZC  ACZH.  C*H*0*.  0rt4/ic  odd.  Orntllrmc  acid.  (Stenhousc, 
Phil  Tmus,  1848,  p.  66  ;  I'hiL  Mag.  [S]  xixii,  300 :  Proc.  Roy,  5V)c,  xii.  263),— This 
acid  is  produced :  1.  By  boiling  lecanoric,  a-orsellic,  or  iS-oraellic  add  with  water, 
alcohol,  or  idkalis: 

C'-H'^O^  +   IPO     *     2OH»0'. 

2,  From  erythric  acid  (er^thrinX  sironltaneously  witli  picro-erythrin,  when  the  barium* 
or  Ciildum-iiidt  of  that  acid  is  boiled  with  water : 


Erjrtlirk  Mid* 
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3.  From  eyemie  acid,  simuItaDoously  with  eTerninic  acid,  by  boiling  with  bar^ta- 
wator: — 

C"H'«0'     +     H«0       -       C»H'»0«     +     C«H«0«. 
Evernic  acid.  ETerninic  add*    Onelliolc  acid* 

To  prepare  the  acid,  lecanoric  add  suspended  in  water  is  careftdly  neutralised  with 
lime  or  baryta,  and  the  liquid  is  boiled,  care  being  however  taken  not  to  cootinae  the 
boiling  too  long,  as  otherwise  the  orsellinic  acid  will  be  resolred  into  carbonic  anhy- 
dride and  orcin.  The  calcic  or  barytic  orsellinate,  being  much  more  soluble  than 
the  lecanorate,  dissolves  in  the  liquid,  and  on  adding  hydrochloric  add  to  the  solution, 
orseUinic  acid  is  deposited  as  a  gelatinous  predpitate,  which  may  be  purified  by 
crystallisation  from  wat«r  or  alcohol. 

Orsellinic  acid  forms  colourle^  prismatic  crystals  much  more  soluble  in  water  and 
alcohol  than  lecanoric  acid  ;  it  is  also  soluble  in  ether.  The  aqueous  solution  has  a 
slightly  rough  and  bitter  taste  and  reddens  litmus.  When  boiled  for  some  time,  it 
gives  off"  carbonic  anhydride  and  leaves  ordn :  C'H'O*  •■  C'HK)*  +  CO".  Chloride  of 
lime  imparts  to  it  a  very  fugitive  red-brown  or  violet  tint  With  bromine  it  forms  tri- 
bromorcin.     (Hesse.) 

The  orsellinatcs  of  the  alkali-metals  and  alkaline  earth-metals  are  soluble  in  water ; 
in  presence  of  excess  of  base  they  are  easily  resolved  into  ordn  and  a  carbonate. — The 
barium-salt,  C*H'BaO"  or  Cn*H"Ba''0*,  is  very  soluble  in  water  and  in  alcohol,  and  is 
deposited  therefrom  in  four-sided  prisms.  It  is  obtained  by  adding  caustic  baryta  to 
an  alcoholic  solution  of  orsellinic  acid,  keeping  the  add  in  excess  to  avoid  decompo- 
sition. The  liquid  is  then  concentrated  to  a  syrup,  the  add  is  saturated,  and  the  liquid 
left  to  crystallise. 


OMB&&ZWZC  STKS&8.  These  compounds  are  produced  by  boiling  lecanoric 
or  erythric  acid  with  the  corresponding  alcohols. 

1.  Meihylic  Orsellinate,  C»H'»0*  =  C«H'(CH»)0*,  crystallises  fipom  boiling 
water  in  silky  needles,  volatile  without  decomposition,  more  soluble  than  the  ethylic 
ether, which  it  resembles  in  its  chemical  characters.     (Stenhouse.) 

2.  Ethylic  Orsellinate,  C"H««0*  «  C*H'(C«H»)0«.— This  compound,  called  also 
Orsellic,  Lecanoric,  and  Erythric  ether,  was  discovered  in  1830by  Heeren(Schw.  J.  liz. 
341)  who  called  it  pseudo-erythrin  ;  and  has  been  further  examined  by  Liebig  ^ 


Ann.  xxi.  32),  Kane  (PhiL  Trans.  1840,  pp.  237,  279),  Schunck  (Ann.  Ch.  Pharm. 
xli  160;  Ixi.  72),  Rochleder  and  Heldt,  t^wf.  xlviii.  6),  Stenhouse  (&c.  cit.\ 
Strecker  (Ann.  Ch.  Pharm.  Ixviii.  Ill),  and  Hesse  (ibid,  cxvii.  297).  It  is  obtained 
by  prolonged  boiling  of  an  alcoholic  solution  of  lecanoric,  o-orseUic,  /3-orsellie,  or 
erythric  acid,  or  by  repeatedly  exhausting  Boccelia  tinctoria,  or  other  colour-yielding 
lichens  with  boiling  alcohol,  evaporating  the  united  liquids  to  diyncss,  and  boiling  the 
residue  with  water.  It  separates  from  the  aqueous  or  alcoholic  solution  in  crystalline 
scales  or  needles,  tlie  mother-liquor  retaining  a  large  quantity  of  ordn :  it  may  be 
purified  by  reciystallisation  from  boiling  water.    Another  mode  of  preparing  it  is  to 

C  hydrochloric  acid  gas  in  excess  into  a  warm  saturated  alcoholic  smution  of 
none  acid,  evaporate  over  the  water-bath  to  expel  the  greater  part  of  the  hydro- 
chloric add,  and  treat  the  residue  with  water.  Orsellinic  e3ier  is  then  predpitated  as 
a  blackish-green  resinous  mass  which  may  be  purified  as  above. 

Ethylic  orsellinate  forms  snow-white,  very  thin  laminse  or  needles,  nearly  insoluble  in 
cold  water,  very  soluble  in  alcohol  and  ether,  as  well  as  in  alkaline  solutions,  whence  it  is 
predpitated  by  acids  in  its  original  state.  The  aqueous  solution  is  neutral  to  test-paper. 
It  quickly  turns  brown,  especially  when  dissolved  in  a  fixed  alkali.  The  ammoniacal 
solution  assumes  a  wine-red  colour  when  exposed  to  the  air.  It  melts  without  loss  of 
water,  at  a  temperature  above  120^  (Heeren) ;  at  104*5°  (Kane);  and  solidifies  to 
a  crystalline  mass  at  127*6°  (Hesse);  when  heated  in  water,  it  melts  at  100°.  It 
may  be  sublimed  without  decomposition. 

Ethylic  orsellinate  dissolves  in  caustic  alkalis,  also,  according  to  Hesse,  in  hot 
aqueous  carhcmate  of  sodium,  and  is  reprecipitat'ed  by  acids  in  the  crystalline  state. 
When  boiled  with  alkalis,  it  gives  03"  alcohol  and  yields  orcin  ;  with  caustic  baryta,  a 
precipitate  of  barytic  carbonate  is  formed. 

The  ether  dissolves  easily  in  strong  sulphuric  acid,  and  is  repredpitated  by  water  in 
its  original  state  :  the  solution  turns  brown  when  boiled.  Nitric  add  conveits  it  into 
oxalic  acid  (Schunck),  and  if  the  oxidation  be  carefully  conducted,  a  crystalline  body 
is  likewise  formed,  which  mdts  at  60°,  and  appears  to  consist  of  C*H'*0*  (Hesse). 
With  bromine  and  chlorine,  orsellinic  ether  form  substitution-products.     (Hesse.) 

Ethylic  orsellinate  does  not  precipitate  the  aqueous  solutions  of  mercuric  chloride^ 
ctipric  sulphate  or  neutral  acetate  of  kad,  but  forms  with  the  basic  acetate  a  copious 
precipitate  containinp,  according  to  Kane,  806  per  cent,  lead-oxide,  approadmatelv 
with  the  formula  C'«H'=0*.4Pb''0. 
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BkMmmwMnU,  C^*CI\C*H*)0\  abtniiKHl  bjr  Uie  a4*tioii af  cbbnne  on  an 
I  Bohition  of  vthjlie  anellinftte,  crystalliiMi  in  thin  pmiuH,  nielli  at  162^,  nud 
Mlidillei  «t  U^fi"^.     (U  e s i  ei ) 

EiM^  DihromorMeiimaU,  C*H*Brf(C*H*)0\  prepared  in  liki*  manner.  melLqat  144°, 
fftlilKfr*  at  138^,  and  fonns  with  neutral  aci^Cate  oflead,  a  white  precipitate  containing 
C3'"'WBi'Pb''0*,    (H«i8e,  Sti^nhonee,) 

S«  Amylic  Orstltinate,  On  boiling  dried  eiythnc  acid  with  amylio  alcohol  far 
^reral  hoiini,  and  rumoring  the  exeesB  of  alcohol  by  distillationj  the  reaidne  jrii^lded  on 
itanding.  a  maw  of  lostroua  flaky  crjstaU  contaminated  with  reatnoua  mattar  from 
which  it  could  not  be  aepaiated.     (Stenhonae.) 

omTBXTBi  AJlanite,  Cerin, — A  silicate  of  alnminiom,  iron,  cfTinm,  ytfjinm,  &c.» 
occurring  in  granite,  gneiss^  ayenite  and  gmnalar  Uin<*sfone,  in  Swe<len,  ^Norway, 
Greenland,  the  Ur^  some  parts  of  Germany,  and  aeveral  localities  in  the  United  Statea. 
The  varietiea  oontaming  yttrium  were  fonneriy  called  orthite,  the  rest  allanife, 
and  those  among  the  latter  which  were  rery  rich  in  iron,  were  fmihcr  distinguiahed  jia 
cerin,  but  as  th^ae  diffcrt  nces  of  compodition  arise?  merely  from  the  mutual  replacement 
of  iaomorphoua  constituentf,  and  have  no  effoct  on  the  crystallino  forra^  they  are  now 
recfuded  aa  unoasejitial,  and  the  name  orthite  ia  extended  to  the  whole  grpnp. 

The  crystals  of  orthite  are  moDodinic  pHi^ma,  horaaximorphouawitb  epidote.  Eatio 
of  axes,  ai  b  ',  c  •  0  56137  :  1  :  0-8902.  Angle  of  ineiined  axes  «=  $d^  b\  The 
erystala  are  either  long  and  slender,  or  flat  talukr.  Twins  occur  like  those  of  apidote. 
CfeaTage  nuallel  to  oP  in  traces.  It  occura  a](»o  massive  and  in  gruinH.  Hardness  ^ 
5'6— 6w  Speeiflc  garity  =  3*3 — 42,  Luatrr  BubmrUillic  and  pittrhy  or  resinuus 
oocasionally  Titnoua.  C*jlour  pitch-brown,  brownish-black  or  yellowiwh,  8ub1ran»- 
lucent  to  opaque.  Fracture  uneven  or  subeonchoidtiL  Brittle.  Before  the  blowpipe 
most  ortliitSB  swell  up  and  fuse,  with  eballitiun,  to  dark-co!our«>d  tumefied  gluaa^s. 
With  fluxes  they  ^'ve  the  reactions  of  iron^  manganese  and  silica.  MoMt  of  them  are 
decomposed  by  acids,  forming  a  jelly ;  some,  however,  resist  the  action  of  ucida  itlto* 
gether. 

Analyses:  a.  AUauUc  from  Bygdin-V^and  on  JotunQelJ,  Norway,  Black:  speciitc 
grairity  —  3"63 — 3"54 ;  pyrognomic  (that  is,  exhibits  incandescence  when  heated) ; 
decomposed  by  acids  (Schecrer,  De  /o9silium  Allanitef  Orthiit,  Ctrin,  GadUinUque^ 
dissrrtatio.  BeroL  1S49), — b.  AUaniU  from  Suarum  in  Norway.  Brownish- black : 
specific  gmrity  =  3*79:  undecompo»ibl**  by  acids  (Scheerer). — c.  Ctrin  from 
Kiddarhyttnn,  Sweden,  Specific  gravity  377— 3'80.  Undecompo«ible  (Soheerer)* — 
rf,  UraH&rihUe  from  yimnk  inthel^ral.  Black:  specific  gruiity  =  3  647-  Decom* 
poaible  ( R  n  m  m  e  1  s  b  e  r g,  Minrral^hrmie,  p.  7  4  7  X — e.  So-Cid led  BHckianditr.     Specific 

Gravity  ==  3'48— 3-66  (Hermann,  J.  pr.  Cbem.  xxiii.  273  ;  3tljii.  36,  99).—/.  From  the 
hiiringerwald ;  partly  crystallised  in  the  form  of  epidote.  Black.  Specific  gravity  — 
3  79.  Undecomposible  (C  red  nor,  Pogg,  Ann.  Ixxix.  144). — g.  From  Wemheim» 
Baden,  in  syenite.  Specific  gravity  =  3"44— 3-47.  Undecomposible  (8 tif ft.  Ram- 
mdibfrg**  Mintrahhemk^  p.  74fl> — A.  Berks  Co.  Pennsylvania.  Specific  gravity  — 
3782.     Deoompoaible  (Genth,  J.  pr  Chem.  Ixiv.  471)^ 
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These  nnalyticil  remilt*  may  be  repreaent<^d  by  the  gen  cm!  formuhi  35nSiO*.(Ar; 
Fe ')*Si'0"  (M**  denoting  diatomic  iron,  ctriuni,  yttrium,  calcium,  &c.),  l*oth  terraa  of 
which  arc  oitho«ilicates, 

Xanthwthitf  in  a  yellowish  variety  of  orthite,  of  specific  gravity  278 — 2  1%  and 
eoQtaininc;  much  water. 

PyrortAite  is  an  irnpixfe  variety  from  the  neighbonrhood  of  Fiihlun  in  Swede u,  con- 
taining bitumen.  BenEclioa  found  in  it  1043  eilicn,  3*69  alumina,  tVOg  femma  oxide, 
1'39  mang&noufl  oxido,  13*92  ceroiis  oxide,  4  87  jttriu,  18 1  liuie,  36 '50  water, 
and  31*41  Cftrbon  (by  losa).     It  ia  probably  the  residue  of  decomposition  of  an  orthite. 

Baffrofhnite  from  Achmatow^k,  having'  the  form  of  Bucklnndito  (rpidotc,  ii.  100), 


288 


ORTHO-CARBONATE-ORTHO-SALTS. 


haidness  6*5,  and  specific  gravity  3*46,  and  containing  38*88  per  cent,  siliea,  20*19 
alnmina,  9*82  ferric  oxide,  3'82  ferrous  oxide,  3*60  protoxide  of  cerinm,  Unthanuni, 
and  didyminm,  17*37  lime,  1*98  magnesia,  and  1*60  water  (»  97 '26),  is  composed, 
according  to  Hermann  (Jabresb.  1862.  p.  730),  of  6  molecules  <k  bnckUndlta 
(epidote),  and  1  molecule  of  uralorthito,  cr}'8talli8ed  together. 

A  mineral  called  Bucklandtte*  from  Laach  in  the  Eitel,  has  been  shown  by  ▼.  Rath 
(Jahresb.  1863,  p.  814)  to  have  the  form  and  composition  of  orthite;  it  contains  31*83 
per  cent  silica,  13*66  alumina,  17*95  ferrous  oxide,  0*40  manganons  oxide,  20*89  eerous 
oxide,  11*46  lime,  and  2*70  magnesia  (=»  98*89). 

A  black- brown  mineral  resembling  orthite,  of  specific  sravity  3*44,  and  hardness 
between  fluorspar  and  apatite,  contains,  according  to  Michaelson  (Jahresb.  1863, 
p.  815),  29-21  per  cent,  silica,  2*81  alumina,  6*42  ferric  oxide,  5  44  ziroonia,  4*27 
gittcina,  9*79  eerous  oxide,  15*60  oxides  of  lanthanum  and  didymium,  1*63  yttria, 
14*93  lime,  0*45  magnesia,  2*45  soda,  and  5*50  water. 

OHTBO-CASBOVATB  OV  8TBT&.  (C*H»)*CO«.  (H.  Bassett»  Chem.  Soc. 
J.  xviL  198.) — This  ether  is  produced  by  the  action  of  sodic  ethylate  on  chloropicrin  : 

CNO'Cl*  +  4C»H»NaO  =  3Naa  +  NaNO'  +  (C-'H»)KX)*. 
To  prepare  it  40  grms.  of  chloropicrin  are  heated  with  300  grms.  of  absolute  alcohol 
to  the  boiline  point  of  the  latter ;  24  grms.  of  sodium  are  addra  by  small  portions;  and 
AS  soon  as  the  reaction  is  finished,  the  alcohol  is  distilled  off  and  water  added  to  the 
residue.  Ethylic  orthocarbonate  then  rises  to  the  surface  as  an  oil  which  most  be  washed 
with  water,  diried  by  chloride  of  calcium,  and  purified  by  fractional  distillation. 

Ethylic  ortho-carbonate  has  a  peculiar  aromatic  odour,  specific  grari^  -■  0*925, 
and  boils  at  158<^ — 150°.  Vapoui^density  obs.  =  6*80  ;  ode.  «  6*65.  It  is  decom- 
posed by  alcoholic  potash  at  the  boiling  heat,  yieldinij^  a  considerable  quantitr  of 
potassic  carbonate.  When  digested  for  some  hours  with  boric  anhydride,  it  yields 
acid  ethylic  borate  (i.  650)  and  diethylic  carbonate : 

(C»H»)*CO*     +     2B«0»       -       (C«n»)«B«0'     +     (C«H»)«CO«. 

OHTBOCZiASB.    See  Felspar  (ii  619). 

OHTBO-BAZiTS.  The  prefixes  ortho  and  meta  have  been  introduced  by  O  d  1  i  n  g 
to  denote  two  classes  of  salts  of  the  same  acid,  which  differ  from  one  another  by  one 
or  more  molecules  of  metallic  oxide,  M*0,  M-Q,  &c,  the  more  basic  salts  being  called 
ortho-  and  the  less  basic,  meta-salts,  as  in  the  following  examples : — 

Borates. 


Orthoborate  of  Sodium 
MeUiborate   . 

Na»BO» 
NaBO« 

Orthoborate  of  Lead  . 
Metaborate 

Difference 

Pb-'BK)* 

Difference 

NaK) 

2Pb''0 

Carbonates. 

Orthocarbonate  of  Ethyl 
Metacarbonate 

.  (C«H*)*CO* 
.  (C»H*)«CO« 

Orthocarbonate  of  Caldnm   . 
Metacarbonate 

Oa'-CO' 

Difference 

.      (C«H*)«0 

Difference 

Ca-O 

mtrates. 

Orihonitrate  of  Mereorosnm 
"Metanitrate 

HgNO« 

Orthonitrate  of  Copper 
Metanitrate 

Difference      . 

Cu«NW 

Difference 

HgHO 

2Cu-0 

Orthonitrate  of  Bismuth        .        .        Bi'T^^O*         —        bT'NK)" 
Metanitrate Bi'TJH>» 

Difference                Bi^k)* 

Phosphates. 

Orthophosphate  of  Sodium 
Metaphosphate    . 

Na«PO* 
NaPO» 

Orthonhosphate  of  Barium 
Metapnospnate 

Difference 

Bi«PK)« 
BaTH)« 

Difference 

Na«0 

2Ba''0 

See    BoRiTBS  (i.  640^ 
SlUCATM,  &c 

Carbonatss  ( 

I  778),    Nitrates  (iv.  82),   PHosPHATsa, 

•  TbU  name  having  been  applied  both  to  orthite  and  to  a  varietj  of  epidote  it  best  givsn  op  attafldbcr. 
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OATHOSB.    %n.  with  OitTitoctJkf^ 

OftBCAJT-OSmc  ACZB.       S>-n.  with  OsMCAwrc  Acm 

OSBCA.XOMS  (from  ^<r^^  odour,  dud  Cw/i^f  Wj(iO>  A  tuime  tppli^  bjThdnard 
to  IhAfc  fOKtloQ  of  the  aqueous  extmct  of  meat  which  i^  soluble  in  alcohol  and  conUina 
tliciii  tOMlitiieuttf  of  the  flesh  which  determine  it«  Ukbie  and  smelL 

OSME2iZT£.     Sjn,  with  pBCTOLrTB. 

08Bx:aM2C  ACZll.  Il'OB^X*0*.^Thi«  acid,  dia<!OTCT«d  hj  Fritzsche  and 
StruT  e  (J.  pr.  Chom.  xii.  97),  is  produced  by  the  ficf ion  of  amnioniA  on  osmic  tetrr>xide 
in  prfWMJCe  of  fixed  bjiseji.  The  potassium  •salt,  K*Ott*N*0',  is  obtuined  by  adding 
ammonia  to  a  hot  ftolntion  of  the  tetruxide  in  eTcesR  of  potu^h ;  thf*  drep  orange 
colour  of  the  liquid  then  changes  to  light  yellow,  and  the  potn>*iom-Balt  ^eparatea  as 
a  ytdlow  cfyatalline  powder,  which  may  be  purified  by  re<*rystalliftation  from  the 
loMt  poBBible  qnantity  of  boiling  water.    The  reaction  is : 

eOaO*     +     »NH*     +     6KH0     -     3K»0»«K=0*     +     N^     +     IfiH'O. 

The  potasfiium-aalt  may  be  conyerted  into  Ihc  silrer-Balt  by  precipitation,  and  from 
thb  the  aqueous  acid  may  be  prepared  by  deeoroposiiion  with  hydrochloric  neid.  It 
mny  be  kept  fur  some  daya  when  oilute,  but  soon  decompose*  in  the  concentrated  state. 
Ui&a  strong  cicid,  decompoeing  not  only  the  carbonates  but  even  the  chlorides  of  potas- 
sium and  ftodium. 

Osmiamtc  licid  isdibaaic,  ita  salts  haTiiig  the  composition  M*Os»N'0*  —  M-O.Oa'N'O*, 
Fritzsche  tiud  Strnve  regard  the  anhydride  Osi^NK)*  (not  j«>lated)  as  a  compound  of 
OsN*  with  OhO*,  and  call  it  OBman>osmtcacid,  Oerhardt  (Compt.  chim,  1847, 
p  304),  who  suggest <^d  the  name  osmiamicacid,  supposes  the  salts  to  contain  I  at. 
oitygen  more  than  in  the  formula  above  given,  regarding  therefore  the  hypothetical 
anhydride  as  Og'N'O*,  and  representing  its  formation  (in  the  aalta)  by  the  equation 
20»0*  -»-  2NH«  -  Os'NK)*  +  3H*0;  but  Fritzsche  and  Struve's  forarnk  ogreea 
U'Bt  with  the  com  position  and  reactions  of  tlif*  salts. 

The  osmiamatea  of  tlie  alkali-  and  alknline  enrth-metdf  SM  soluble  in  water; 
the  lejid,  mercury,  and  sOver  salts  arc  insoluble.  The  amm^niHrn^SQli,  {NH*)*Oi*KH}*, 
forms  large  yellow  crystals  ifomorphous  with  those  of  the  potassium-salt,  easily  soluble 
in  water  and  alcohol,  and  detouivting  at  126*^.  The  barivm-mlt,  Ba^Ds^'O*,  crystal- 
lises in  yellow,  shining  needles,  moderately  soluble  in  water  and  detonating  at  about 
150°  The  iMd-mlt,  Pb"Os»N*0*,Pb*0  ?,  obtained  by  mixing  an  alcoholic  solution 
of  the  potas!«iuiu  or  ammonium  salt  with  nitrate  of  load,  is  a  yellow,  crj'stalline  precipi- 
tate which  becomes  dark-coloured  during  wasbiug.  The  mtrcuric  mtlt,  obtained  by 
decomposing  the  silver-salt  with  mercuric  chloride,  forms  prismatic  easily  decompoaible 
crystals.  The  mtrcurous^alt  is  a  light  yellow  amorphous  precipitate  which  volatilises 
quickly  wheu  heated. 

Ttit  pottutium-mlt,  K^Os'N'O*,  crystallises  in  yellow  dimetric  octahedrons  with  ter- 
minal angles  of  106°  16' and  lateral  angles  of  116*^5'.  It  is  much  less  soluble  in 
aleohol  than  in  water,  insoluble  in  ether;  may  be  heated  to  180^  without  alteration, 
but  detonates  at  higher  temperatures-  Heated  with  hydrochloric  acid  and  chloride  of 
iM^t^ssium,  it  gives  oflf  ehlonne  and  is  converted  into  poiussio-Oi'Tnioso-osmic  chloride 
(chloTx)«mite  of  potassium)  (Clau  s) : 

K«Os'N*0*  +   4KC1  +   18HC1     «     2(3KCL08C1»)  +   2NH*C1   +   6H^0   +   Q"- 

The  «7ivr-*a//,  Ag'Os'N'O*,  obtained  by  precipitation,  or  by  dissolving oemic  tetroxide 
in  an  annnonimcal  solution  of  the  ailYer-sfUt  and  Biipen<at uniting  with  nitric  ucid^  is  a 
lemon-yellow  crystalline  powder,  very  slightly  soluble  in  water  and  in  cold  nitric  acid* 
easily  soluble  in  ammonia.  It  blackens  when  exposed  to  light,  detonates  violently  at 
SC^,  also  by  percussion,  or  when  sulphydric  acid  gas  is  passed  over  it. 

The  fodiumsali  is  very  soluble  and  crystallbes  from  a  syrupy  solution   in  rather 


large  prismatic  bydmted  crystals. 
The    ■         '  *  '  " 


he  rinc-sait  is  Tezy  soluble. 
An  ammoniaenl  rinc-saitf  4N'n'.Zn"0s*N*O*,  separates  on  mixing  an  ammoniacal 
solution  of  osmic  tetroxide  with  a  zinc-salt,  as  a  light  yellow  czystalline  powder, 
permanent  in  the  air,  easily  decomposible  by  water,  nearly  insoluble  in  ammonia. 
Cadmium  forms  a  similar  salL 

OBWXAimSS.  The  nnme  given  by  F rimy  to  the  compound  N*H*(OsO»)",  which 
hf  suppoa**8  to  exist  in  comhination  with  sal-ammoniac  in  the  yellow  Kubsta  nee  prod  ucetl 
by  digesting  oc^mite  of  potassium  in  a  cold  solution  of  sal-ammoniac  (pp.  244,  246). 


OSBtZC   ACID. 


[     See  Ojntfiof,  Oxiprs  of  (pp.  2  »5,  246); 
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OSMXSniXXrM  ur  /nf/offmfjii'.^Tlie  niitive  aUoj  of  iridium  and  osmium,  <M?ciijTti]g 

fogefln^r  with  jjlatinuQi,  &c»  in  TrariouM  loealities.  Ifs  composition  and  ptopprties  hn\« 
been  nlreud/  givfU  under  Iridosmixk  (iii.  326)i  and  several  methods  of  decomposing  it 
under  luiDiust  (iii.  314).  The  following  are  additional  methods:— o.  90  gmis,  of  tlip 
ore  a.re  mixwi  with  180  grms,  saltpftre  and  90  grm-s.  caustic  poUu^h,  and  the  m^ixture  is 
expotsed  in  separute  portions  to  a  strong  red  hejit  for  an  hour  or  aa  hour  and  a  half  in 
H  Wkg  Biiver  crucible,  plaj?ed  within  a  hessian  crucible  containing  miignesta,  each 
mfllted  portion  bein^  poured  out  into  an  iron  dish  and  the  still  mideeomposcd  residue 
heated  twice  or  thnce  more  with  the  earn©  quantity  of  flux,  before  a  fresh  p<>rtiuu  of 
the  original  mixture  is  introduced  into  the  crucible.  The  cooled  and  pulreri^eJ^  itia£«  i 
ig  then  introduced  into  a  vessel  which  can  bo  closed,  aad  briskly  a^tiited  for  ibtir 
hours  in  a  dark  place  with  14  litresj  of  distilhd  water,  and  the  clear  deep  oraagv- 
eoloured  Bolution  (A)  ia  decanted  from  the  black  flcdimrnt  (B)  which  Letter  la  washed 
with  water  in  a  funnel  plugged  with  asbestos.  The  solution  A  gmells  slightly  of  ctsmic 
tctpoxide^  and  contains  free  potash^  nitrite,  osmite,  ruthejiiateand  nitrate  of  potassium^ 
together  with  a  small  qtiiintity  of  oamic  tetroxide;  no  other  platinum-metal*  The 
residue  7?  ia  s  velvet-bhick,  somowhat  crystidliuo  powder,  consisting  principally  of 
iridic  oxide  and  add  iridiate  of  potassium,  with  portions  of  ruthenic  sesquioxide^  osmic 
dioxide^  ferric  oxide,  and  tniees  of  cupric  aiid  palladic  oxides, oil  soluble  in  acids;  also 
of  a  residue  insolubb  in  ttinds  consisting  of  oxides  of  iridium^  platinum,  and  rhodittm, 
with  a  certain  quantity  of  undecompo#ed  ore. 

To  extract  the  ruthenium,  li  in  fused  a  second  time  with  the  fluxes  aboTv  men^ 
tjoned ;  Ihf  solution  obtained  by  treating  the  fused  masa  with  water  is  added  to  A; 
and  tho  still  undissulved  residue  to  B.  The  solution  ia  next  n''Utralbed  with  Tery 
dOute  nitric  acidj  whereby  a  black  precipitjvte  b  is  thrown  down  ;  the  clarified  solution 
tf  is  decanted,  and  the  precipitat«  oonaisttng  chiefl|r  of  osmic  hydmte^  OsO^,2li'<>. 
eonta^tning  from  15  to  20  per  cent,  mthenic  aesquioxide,  is  washed.  To  separate  the 
metals,  this  precipitate  is  introduced  into  a  lai^e  retort  fitted  with  a  luted  and  well- 
cooled  receiv^er,  togetlier  with  2  lbs,  bydroeldoric  and  3  lbs.  nitric  acid,  and  slowly  and 
carefully  distilled  till  the  greater  part  of  the  acid  has  passed  over,  and  the  residue  ia 
the  retort  has  become  viscid.  This  residue  consists  cnieflv  of  ruthenic  tetrachloride, 
KuCP,  with  a  small  quantity  of  trichloride.  (For  the  method  of  obtaining  the  metal 
from  it,  see  RuTMENTtrji-) 

The  faintly  yellowish  soktion  a  still  contains  oxides  of  rutheaium  together  with  a 
large  quantity  of  osmic  totmxide.     It  is  distUJed  witli  2  lbs.  of  hydrochloric  acid  till 
fs!l  tho  osmic  tetroxide  has  pai«e<l  over,  and  the  residue  in  the  retort  has  become  rose- 
coloured  (from  formation  of  red  nithe uic  chloride) ;  Ihe  red  liquid  is  concentrated  :  thm 
I  greater  port  of  the  potassic  nitrate  crystallised  out ;  tliu  Cfjucoutntted  solution  then 
I  eraporatcd  to  drynesi;  the  residue  dissolved ;  and  the  ruthenium  precipita.ted  firom  tfift 
I  solution  by  sulphide  of  ammonium,  with  addition  of  a  little  free  acid.     The  osmic 
I  tetroxido  obtained  at  the  same  time  may  be  separated  by  fractional  distillation ;  or  the 
[  nolution    containing  it»  may  be  treated  accortiing  to  Fr^ray's  method  (Ann*  Ch, 
Pbys.  [3]  xii.  521),  b^  mixing  it  with  cntintic  potash  and  a  little  alcohol,  and  ajiding 
pulverised  sal-am montac-     The  greater  part  of  thf  osmium  is  then  thrown  down  in  the 
lorm  of  a  compound  of  osmiamic  acid  with  sal-ammoniac. 

The  powder  B,  which  contains  considprable  quantities  of  ruthenium  and  osmiimi*  is 
distilled  with  excess  of  nitpomuriatic  acid  till  the  whole  of  the  osmic  tetroxide  boa  passed 
over;  and  the  residtial  liquid  is  strongly  concentrated  and  left  to  cool,  whereupon  it 
deposits  the  greater  part  of  the  iridium  as  black  chloriridiate  of  potassium,  K'li^^Cl*. 
The  iJiotb**r-Itquor,  after  filtration,  is  mixed  with  a  little  sal-ammoniac  to  throw  down 
the  rest  of  the  iridium;  filtered  after  standing  firom  the  crystalline  precipitAte  of  chlor- 
iridiate of  ammonium  ;  and  the  liquid  is  then  mixed  with  a  large  quantity  of  powdered 
sal-ammoniac.  T!ie  resulting  brown  crystalline  mass,  after  wa*ihing  with  sal-ammoniae 
and  weak  spirit,  vields  rutTunium  in  the  form  of  the  double  salt,  (NH*/Ru'^Cl*, 
(Clans,  N.  Petersb,  Acad.  BuIL   v.  453;  Jahre&b.  1861,  p.  322.) 

0.  The  following  method  of  treating  Calif omi an  osmiridium,  which  contains  a  eon- 
sidemble proportion  of  ruthenium,  is  given  by  Gibbs  (8ill.  Am.  X  [2]  xxxL  63)*  The 
cm:«  is  first  freed  from  silica  and  other  impuritreM  by  fusiou  wkh  3  pf*.  dry  carbonate  of 
sodium,  and  subsequent  lixiviation ;  I  pL  of  it  is  then  fui^ed  with  1  pt.  caustic  potmsh  and 
2  pts.  saltpetre;  and  the  cooled  mawi  broken  into  lumps  is  boiled  with  water  containing 
^  of  its  bulk  of  Btruug  alcohol,  till  completely  disintegrated.  The  liquid  togoiher  witli 
the  lighter  particles  of  oxide  is  then  decautedt  and  the  residue  is  a^ain  treated  with 
water  and  decanted  after  standing  for  some  time.  There  is  thus  obtained  a  solution  of 
potassic  osmite,  a  large  quantity  of  black  oxides  (probably  a  miihire  of  RuO',  Ru*0*. 
or  their  hydrutes)  and  a  coarse  hea^-y  powder  chietly  consisting  of  undecomposed  aw-. 
The  latter  is  again  fused  with  bydmte  and  nitrate  of  potassium,  and  the  moited  moss 
treated  t\s>  aboTe.     Th»*  solntion  containing  thr»  jvilassic  osuiitc  and  tho  salts  af  the 
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taUtali- metals  U  diNisftiiied  from  the  dcpofiited  bWk  oxidi^  still  containing  oAroium  *  and 
llbMe  oxideB,  tfter  iraBhiiig  wttJi  hot  water  and  ulcoho),  art*  iulroducpd  Ltito  «  capacloiu 
■  l«toft  provided  with  a  safety- tuW  and  coanwled  nitli  a  ticrht^fit ting  cooled  r<«e)T«r, 
which  again  ia  eoiiDected  by  wide  tnbM  with  two  or  thr^e  Worutfp's  bottles  containing 
a  strong  ftolntioQ  of  potujih  and  a  little  alcohol.  A  large  exc«$>s  of  strong  hydroehloric 
acid  ii  th«o  caadonflly  poar^ni  throngh  the  safety-tube  into  the  retort,  and  after  the 
Unit  TioleDt  metioQ,  which  cannea  a  part  of  the  oemic  tetroxide  to  distil  o^er  9poQta* 
oeootlj,  ia  over,  the  dintillauon  ia  continued  at  the  heat  of  a  sand-bath  till  no  mora 
osmic  tetroxide  collects  in  the  neoJc  of  the  retort,  and  that  which  is  previoiiBly  coodejiBed 
flows  oat  in  oil^  drops.  At  the  end  of  the  distillatioQ  the  retort  ta  left  to  cool; 
tha  reecdTer  is  diaermnFCfed  from  it  and  clotM^I  by  a  cork,  and  the  osmic  t<>tToxido  is 
driY«i  Ofvar  by  a  moderate  heat  into  the  Wottlfe's  bottles;  and  the  contents  of  theaa 
Te«seta  are  mixed  with  the  solution  obtained  by  lixirialing  the  original  fused  mass. 
The  Ijqnid  evaporated  OT<>r  the  water<bath  yields  on  cooling  crystals  of  potaasic  osniite. 
The  mothcr^liqnor  contains  only  traces  of  osmium  and  is  worthless^ 

The  dark  brown  solution  poured  out  from  the  retort  is  OTaporated  to  dryness,  the 
residue  is  redissolved  in  hot  water  ;  the  solution  is  erapomted  again  after  addition  of  a 
little  hydrochlonc  acid  ;  this  proeefls  is  repeated  till  the  odour  of  osmic  tetroxido  ifi  oo 
longer  nerceptible  ;  and  a  cold  saturated  solution  of  chlnrideof  |K)tassium  h  then  added, 
which  aiflsolves  the  chlorides  of  iron  and  paEadium,  while  pbitinum,  iridium,  rhodium, 
and  mtheniuni  remaiD  as  double  salts  iniioluble  in  a  strong  solution  of  chloride  of 
potBMium.  The  latter  are  well  washed  with  a  saturated  solution  of  potaasic  chloride, 
which  remoTea  almost  all  the  iron  and  palladium^  and  leaves  the  double  chloiidee 
together  with  the  insoluble  imparities  of  Uie  oro. 

OSIttZTOYSZa,  OZMb  of.  O^mtcpmg  tuteriteotdegj  an  aromab'c  plant  of  (lie 
eoiziposite  ardrr  (growing  near  Cape  Town,  yields  an  essential  oil  possei^ing  tx>Dic  and 
antispasmodic  propertiei.  It  is  greenish -yellow,  has  a  burning  taste,  and  a  pungpni, 
not  rerj  agreeable  odour  recalling  that  of  camphor  and  ml  of  cs^'eput,  Specific  gravity 
*=  0*S3L  It  reduces  aDainmoniacal  solution  of  silver- nitrate  on  long  b* tiling,  When 
distilled,  it  begins  to  boil  at  130^,  and  enters  into  regular  f-bullition  between  176^*  «nd 
17fl^,  twrv-thiitla  of  the  oil  passing  ovrr  between  thia  point  and  188^;  the  thermometer 
then  euntiuues  to  rise  till  it  reaches  208^,  and  a  small  quantity  of  camphor  sublimes 
on  the  sides  of  the  Tcssel.  The  rwrtion  collected  between  178*^  and  182^  contains  77't> 
per  cenU  carbon  and  11*79  hyorogen,  agreeing  nearly  with  the  formula  C'H'O, 
ftCQording  to  which  oil  of  osinitopais  is  i&omerie  with  bomeol  (i.  62$)  and  oil  of  etijoput 
{i.  712), 

OftaSZtrat*  Symbol  Os.  Aiomie  ymght  11^9. — A  metal  belonging  to  the  pliitinani 
group,  discovered  by  Ten n ant  (Phil,  Trans.  1804,  p.  41 IX  and  further  exaimined  by 
Btirielius  (Pogg,  Ann.  xiii.  46  1 ;  xr.  208  and  527),  Fr^my.  Compt.  rend,  xxxviii. 
im%\  Glaus  (Ann.  Ch.  Pharm.  lix.  234;  Ixiii.  341;  N.  Petersb.  Acad.  Bull.  ii. 
W8;  IT,  463;  vi.  146;  JahrwtK  1860.  p.  204;  1861,  p.  320;  1863,  p.  29o),  Deville 
and  Debray  (Ann.  Ch,  Pharm.  civ.  227  ;  cxiv,  78;  Ann.  Cb.  Phya.  [3]  Iri.  38A; 
Jahresb.  1857,  p.  260,  1869,  p.  231^  And  Oibbs  (Sill.  Am.  J.  xxix.  427  ;  xxxi.  63  ; 
Jahresb.  I860,  p.  217  i  1861,  p*  328).  The  name  of  the  metal  is  derived  from  ^M 
(odoof )  oti  account  of  the  strong  and  ppcuHar  odour  of  ita  highest  oxide. 

Osmium  occurs  comb  in  pd  with  iridium,  forming  the  alloy  called  oamiridium  or 
in'd^^mirif,  in  native  platinum,  partly  in  diKtinct  white  metallic  grains,  partly  intimately 
mixed  or  combined  with  the  platinum  and  other  mt^tals,  and  remaiaingiii  blac^  acalea 
when  those  metals  arc  dissolved  in  nitro- muriatic  acid ;  oam iridium  alao  occurs  with 
chrfime-iron  in  irite  (iii.  325). 

The  aeparation  of  osmium  from  iridium  and  the  other  metals  with  which  it  ia 
asaoeiated,  depends  chiefly  on  its  ready  oxidation  by  nitric  or  nitro-muriiitic  acid,  or  by 
^nitioD  in  air  or  oxygen-gas,  and  the  volatility  of  the  oxide  thus  produced.  The 
methods  of  effecting  the  separation  have  been  already  described  under  Ialuiuh  (iii. 
814—316,  KoB.  1,  2,  4,  6,  7%  and  Ojumnnirii  (iv.  241). 

To  obtain  metallic  osmium,  the  distilled  osmic  tetroxide  is  digested  with  hydro- 
chloric acid  and  metallic  mercury  in  a  well-closed  vessel  at  140<^.  The  osmium  ia 
reduced  by  the  mercury,  and  an  amalgam  formed,  which,  when  distilled  in  a  retort  through 
which  hydrogen  is  passed  till  all  the  mercury  and  calomel  are  expelled,  leaves  osmium 
as  a  black  powder  without  metallic  lustre  (Berzelius).  Metallic  osmium  may  also 
be  obtained  by  digesting  osmic  tetroxide  with  hydrochloric  acid  and  metallie  xinc, 
(Vau<i  u  e  1  i  n),^-or  by  pasnng  the  Tapour  of  the  tetroxide  mixed  with  hydrqgen  through 
a  glass  lube  heated  to  redness  fbr  about  an  inch  of  its  length,  the  osmium  being  there 
depoeited  as  a  compact  metallic  ring  (Berse lias),  or  by  igniting  a  mixture  of 
ehtmromiiiate  of  ammc^ninm  with  sal-ammoniac  (Berxolius), 

The  fbUowing  is  the  method  adopted  by  DevHle  iind  Deb  ray.  A  very  intimate 
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mixture  of  osinindiuTn  with  G^  pta.  barium-p^Toxidd  is  h«^t«>d  for  an  bouf  OT  two  in  m 
well-clofted  cNHiftlii'U  crucible  tu  tbo  rnelting  point  of  silver;  th(>  re^ultmg  black  must 
coarsely  powdt»red  i«  drenchwl  in  a  gkes  retort  with  a  little  wat^r,  aud  then  with  a 
mtxture  of  8  pts.  hydrochloric  ami  1  pt  ordinary  nitric  acid;  the  oiixture  is  distilled  in 
a  retort  proTideil  with  a  clo«eIy  fitting  atid  well  cooled  receiver  containing  aqneona 
ammonia^  as  long  as  Taponre  of  osmic  tetroxide  continue  to  paas  over ;  the  osrnate  ai 
ammoQtura  thu^  obtniEed  is  sQpersatnmted  with  aulphydrio  acid ;  the  liquid  containing 
the  suspended  sulphide  of  oemiuni  in  boiled  for  some  time  and  filtered;  and  the 
mlphide  of  osmium  im  dried  at  a  regular  temperature,  as  it  might  t^dte  lire  if  too  strong- 
ly Wted.  The  dritd  sulphide  is  then  LDtrodnced  into  a  crucible  made  of  gas-coke, 
poliahed  on  ita  inner  surface^  and  fitted  with  a  weU-gronnd  cover«  and  this  cructHle, 
k  placed  within  an  earthen  crucible  containing  sand  and  likewise  weU  cloaed  with  a 
'  ground  cover,  is  exposed  for  four  or  six  hours  to  the  melting  heat  of  nickel.  The  sol- 
phide  of  osmium  is  thereby  reduced  to  the  metallic  state, 

Propertiee,— The  properties  of  roetalHo  osmium  Taiy  according  to  the  mode   of 

nrepfirtitiou.     In  the  pulverulc-nt  state  it  ia  black,  destitute  of  metallic  lustre,  which 

I  (oworer  it  acquires  by  bumii^hing,  and  haa^  according  to  Bentelins,  a  densitf  of  onl^  7 ; 

I  Vut  in  the  compact  state,  as  obtained  by  Berselius's  method  above  deecribe<(  it  exhibits 

I  inetallic  IuMto  and  a  density  of  10.  When  reduced  by  the  wet  way  it  hasa  blnisli  tinge.  It 

f  is  raalkflble  enough  to  bear  rolling  into  thick  pktes,  but  is  easily  reduced  to  powder  under 

tilA  hammer  (Berzeliua).     Devi  lie  and  Debray,  by  the  method  jiii^t  described, 

flibteiDed  it  in  easily  divisible  lumps  having  a  bluish  colour  lighter  tbin  that  of  ainc; 

Jt  may  be  reduced  to  a  more  compact  state  by  heating  it  to  the  melting  point  of 

1  rhodium,  when  it  attaiiitt  a  density  of  213  to  214,     When  heated  with  7  or  8  tjnia« 

its  weight  of  zinc  in  a  charcoal  crucible  to  bright   redne&S;,  it  dissolves  in  the  sine, 

I  separates  on  slow  cooling  in  the  crystalline  state,  and  remains  after  the  sine  has  been 

[  femoTed  by  hydrochloric  acid^  as  a  very  hard  ciystalline  powder.     If  osmium  be  melti^ 

[%itb  sine  and  th«  resulting  alloy  treate^l  witi  hydrociiloric  acid,  the  whole  of  the 

I  osmium  remains  undiBSolTea  as  an  amorplious  very  inflammable  powder ;  but  if  the 

I  »inc  be  expelled  from  the  alloy  by  a  strong  heat,  ana  the  r^-maining  o!*mium  healed  in 

n  charcoal  crucible  before  an  oxy-hydiTirgen  blowpipe  capable  of  melting  rho^liumt  the 

i  OiBmium  is  obtained  as  a  bluish  metallic-shiuing  mass,  having  the  dennity  of  'il'i,  hard 

[  enough  to  scratch  glass,  not  however  quite  compact,  but  penetrated  by  cavities.     At  a 

I  ttill  higher  temperature,  capable  of  melting  ruthenium  and  iridium  and  volatilii^ing 

rflaLinttm^  osmium  likewise  volatilises,  but  still  does  not  melt^  it  ia  in  fact  the  moat  in- 

I'fnsible  of  all  metab. 

Osmium  in  the  finely  divided  state  h  highly  combustible :  continuing  to  bum  when 
[  let  on  tire  till  if  is  all  volatilised  as  tetzoxide.  In  this  state  also  it  is  easily  oxidised 
hy  nitric  or  nitpo-muriatic  acid,  being  conTerted  into  tetroxide-  But  after  exposure  to 
la  red  heat,  it  becomes  much  less  combustible  and  is  not  oxidised  by  nitric  or  nitro- 
jjBuriatie  acid  (Berzelius).  Osmium  which  has  been  heated  to  the  melting  point 
I  of  rhodium  does  not  give  off  any  vapour  of  tetroxide  when  heated  to  the  melting  point 
lof  Einc,  but  takes  fire  at  higher  temperatures,     (D  e ville  and  Debray.) 

OMWSXUWKm  CBIiOAXI^Efl  OF^  Osmium  forms  three  chlorides  having  the 
Ifcrttiula^  OhCI-,  OsiCl',  aud  OsCl*.  A  hexchhiride  OsCl*  is  also  said  by  Bereeuiisto 
ex.ist  in  certain  double  saUs ;  but  its  existence  ia  n^t  well  establishedi  There  is  no 
c^oride  corresponding  to  the  t^^troxide. 

BlcUlorlde  «f  Oaixamm  or  Oamlona  Cblorlde.  OsCl*. — When  pidveiised 
osmium  is  heattd  in  perfectly  drj' chlorine  gas  free  from  air, there  is  formed, finit  ahlii^ 
black  sublimatt!  of  osmious  chloride,  then  a  re<i  sublimate  of  oemic chloride,  OsCl*.  (The 
greein  chloride  mentioned  by  Berselius  is  fomieil  only  when  moii^ture  is  not  com- 
plelely  excluded)  The  osiuious  chloride,  which  is  produced  in  relatively  small 
quantity,  and  is  difficult  to  obtain  pure,  die^solvos  in  water  with  dark  violet-blue 
colour.  A  similar  *volution  may  l>e  obtained  by  dissolving  oemious  hydrate  in  hydro- 
chloric acid,  or  by  the  action  of  pt>ducing  agents  (such  as  zinc,  tannic  acid,  ferrocyanide 
of  potassium,  or  alcohol)  on  a  solution  of  the  tri-  or  tetra-chlorido ;  but  it  is  psit 
unstable,  oxidising  as  quickly  as  ferrous  chloride,  and  changing  in  colour  to  dark  red, 
aud  ullimateiy  to  yellow.  The  addition  of  chloride  of  potassium  renders  it  more  stable^ 
by  fonu  i  rig  a  dou  bl  e  salt,     ( C I  a  u  ». ) 

Trtehlorld0  or  OaiiQiDflo^oaiEiio  ObloHdA.  O&Cl'. — This  compound^  whieh  is 
alw  very  uuRtHbli^nnd  rann^Hbe  obtained  in  the  free  Rratet  is  contained  in  the  solution 
produced  by  disaolviug  the  mixture  of  the  di-  aud  tri-chlorides  resulting  ft-oin  the 
action  of  chlorine  on  pulverised  osmium,  in  water.  The  s<ilution  has  at  first  a  chrome- 
pTCPU  or  blue-grveti  colour,  but  soon  becomes  purple- violet,  from  formation  of  tri- 
chloride, and  finally  eolnurles5i,  in  ccjrtj't'quence  of  the  resolution  of  this  compound  into 
osiuic  tetroxide,  hydrochloric  aeid,  and  a  mixture  of  o^miousaud  osmic  oxides  which  ia 
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thmwn  ddvn  in  Ih*  furni  of  a  black  powder.  TUe  trichloride  w  sotnetiiiiwialftd  fuimetl 
b^  trraLiDga  solution  of  the  yeltow  tetrachloride  with  a  large  quantity  of  bjdrochlDrio 
add,  or  by  the  aciioo  of  sulptiydric  acid  on  a  solation  of  otnmc  ti^troud<»  contJiintxig  a 
iitrge  qoaotity  of  hydrochloric  acid. 

BUa9*iO'Otmi0*o^mmic  chUrtd^Gf  CkhrMmiU  of  Potattium,  K*OaCl*  or  3KCL0»C1*» 
U  prodnced,  together  with  poUwio-omiic  chloride*  whcjiainiztiut>«>fpiilT^riftedoemtam 
mod  chloride  of  potasaium  is  atroDgly  ignitKl  in  chlerine  gas.  Oo  diiaolving  the  ignited 
maat  in  water,  and  PTaporating,  the  ot^mic  salt  crysialliira  out  first,  aod  afterwarda 
tba  ficmioao-oimic  talt  in  small  quantirj.  The  latter  is  more  easily  obtained  by  the 
aetion  of  hydntchJoric  acid  and  chJonde  of  potsftsium  on  osmiaoiate  of  potassaum 
(p.  239)  r  a  concentrated  aqoerMUi  solution  of  o«>mic  tctroxide  is  mix^d  with  caustie 
potash  and  lunmonia,  then  sataratdd  with  dilute  hydjvehloric  before  tt  tarns  yellow 
and  deposits  osmiamate  of  potaasiam  and  quickly  evaporated  to  dryness  over  the 
water-bath  ;  and  the  residoe  is  freed  from  sal-ammo  niac  and  chloride  of  potassiiun  by 
carsful  washing  with  ice-cold  water. 

Tho  double  chloride  is  thns  obtained  io  dork  red  or  red-brown  crystals,  3KC1.0sCP. 
3H*0,  which  gire  off  half  their  water  by  effloresence  in  the  air,  becoming  rose-red  at 
the  same  time,  and  the  whole  between  160°  and  180°.  It  dissolves  eaaily,  with  deep 
cherry-red  colour  in  water  and  in  alcohol,  but  is  insolublft  in  ether;  has  a  nauMous 
Btmngty  astringent  taste,  and  de^'omposrs,  esp^H^ially  when  heated,  turning  brown,  and 
yielding  a  black  ozychloride.  I'he  aqneous  solnlion  gires  with  poUisk,  ammonia,  or 
atrhtmate  of  poiauiumt  a  brownish- red  precipitate  of  hydrated  oemioso-oamic  ojdde, 
which  dissolTee  in  ammonia,  bnt  only  partially  iu  potash  (and  is  pre*?ip«ted  therefrom 
at  the  boiling  heat.  The  same  aolntioo  givoe  with  nitraU  of  mlwr  a  dirty  grey-brown 
precipitate  soluble  in  ammonia.  Heated  with  tannii^  acid^  or  aieohot  (with  addition 
of  hydrochloric  acid)  it  is  reduced  to  the  blue  dichloride.  With  tulpkydric  at^id  and 
Mulphide  ofamrnotLium^  it  yields  brown-black  sulphide  of  osmium,  insoluble  in  sulphide 
of  anunomium,     (Claun,) 

Ammonkhomtioso'osmic  Chloride.  3NH*CL0»G1'.3H'0,  resembles  the  potasaium- 
sulr, 

T«trAohlorld«  of  Oamliim  or  Oamlc  OMoHda.  OsCP. — This  is  the  red  com- 
poiind  which  constitutes  the  principal  part  of  the  pro<lu€t  obtained  by  igniting  osmium 
in  chlorine  gas.  It  diseolTea  n-ith  yBllow  colour  iu  water  and  alcoholi  andisdecomposutl 
quickly  in  dilute  solution,  more  slawly  in  preience  of  hydrochloric  acid  or  metallic 
chlorides,  yielding  a  black  precipitate  of  osmic  oxide  ami  a  solution  of  oamic  tetro  .ide 
and  hydrochloric  acid. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkitli -metals  forming  salts  sometimei 
called  chlorosm at es.  From  the  s^dutions  of  tliiKo  salts^  Mulphi^dricacid  and  sulpkidf 
ofammcntHm  slowly  precipitate  a  yellow-brown  sulphide  insoluble  in  alkaline  sulphides. 
Nitraig  ofnlvcr  forms  an  olive -green ;  ttnnnous  cmcrid*  a  brown  precipitate,  lannic 
add  on  heating  pKwtui^es  a  bine  colour,  but  no  precipitate  ;  ferrocyamde  of  potassium, 
first  a  gppen,  then  a  blu<»  c^donr ;  iodidt  of  potassiupn^  a  deep  purple-red  oolour.    Pt}ta4h 

SVes  a  black,  ammonia  a  brown  precipitate,  alowly  in  the  cold,  immcdiAtely  on  boiling. 
etaHic  fine  and  formate  of  todium  throw  down  metallic  osmium.     ( B  e  r  z  e  1  i  us.) 

Ammtmiiho^mie  Chloride  or  Chlorosmate  of  Aminonium,  2NH*ClOttCl*,  is  formed 
cm  mixing  a  solution  of  the  sodium-salt  with  sal-aromotiinr,  as  a  re^l-bn^^wn  precipitate, 
and  separates  from  ihe  moth*?r^liquor  in  black-brown  octalMHlrons,  It  is  even  more 
decompceible  than  the  potaftsium-salt,  and  Wvea  when  ignited  a  residue  of  spongy 
osmium.    (ClanK) 

ArgentiO-^ismic  Chloride.  SA^LOsCl'. — Obtained  as  a  dirty  green  precipit^tte  on 
addi:^  ammonia  to  the  solution  of  the  sodium -salt  (Clans).  In  contact  with  ammoiiia 
it  is  converted  into  a  minium- red  very  nn^stable  compound,  Ag'09Cl*.2NH'»  soluble 
with  yellow  ooloiir  in  a  large  quantity  of  water  (Eichler,  Jahresb.  1860,  p.  216,  CI  aus)» 
The  same  eompotind  is  formed  on  adding  nitrate  or  ammonio-chloride  of  eulver  to  a 
solution  of  potaasio-osmic  chloride  containing  ammonia.     (Eichler.) 

Poiassio-^>mme  Chloride,  K^OsCl'  or  2KCLOsCl\  is  obtained  by  gently  igniting 
a  mixture  of  chloride  of  potasdura  and  metallic  osmium  in  a  stream  of  chlorine 
(Berscl  i  us),  or  by  precipitating  a  solutiou  of  the  eodium-salt  with  chloride  of  potas* 
sium  (C 1  a  u  e).  It  forms  brown  or  minium -red  octahedrons,  sparingly  soluble  in  water, 
insoluble  in  alcohoL  Paper  moistened  with  the  aqueoaa  solution  aoqulrei  a  bine  cdtoo7 
not  removablf^  bv  washing  (Berzelius).  The  aqueous  solution  becomes  greenish 
after  a  while,  ancl  black  on  b<jiling,  the  o^mic  chloride  being  decomposed  in  the  man- 
ner aboTe  mentioned.  P^ttash  decolorises  the  solution,  and  on  boiling  throw**  down  a 
blue-bkck  precipitate  of  osmic- hydrate.  Dilute  awmojtia  throws  down  a  yellowish* 
white  precipitiite  which  changes  after  a  while  into  a  brc»wn  ammoniacal  compound, 
K«H»OhO'.    (Clans.) 

Eichler  (Jahresb.  1860,  p.  21IX  by  diesolritighypo-oemitc  of  potassium,  K"0*50bO* 
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(obtained  by  exposinff  an  alcoholic  solution  of  the  osmite,  K'O.Os'O'  (p.  247X  to  i 
shine),  in  cold  hydrochloric  acid,  obtained  a  dark  violet  solution  of  potaMio-oemie  chlo- 
jide,  which  was  more  readily  decomposible  than  the  greeniah-yeUaw  solution  of  the 
octahedral  double  salt  above  described,  inasmuch  as  it  p;ave  with  potash  an  immediaU 
black  precipitate  of  osmic  oxide,  a  similar  precipitate  with  a  small  quantity  of  ammonia, 
also  with  phosphate  of  sodium.  By  exposure  to  the  air  it  was  gradually  couTPrted  into 
the  vellow  solution  of  the  octahedral  salt.  [  ?  Bid  not  this  violet  solution  eontain 
osmious  as  well  as  osmic  chloride.] 

Sodio-osmic  chloride^  2NaC1.0sCl^  prepared  by  heating  a  mixture  of  sulphide  of 
osmium  and  chloride  of  sodium  in  a  current  of  moist  chlorine,  crystallisea  in  onnge- 
coloured  rhombic  prisms  an  inch  long,  easily  soluble  in  water  and  in  alodhoL    (CI an  a.) 

Hagcblorida  of  Oemimii.  OsCl*  ? — Not  known  in  the  free  state^  bat  said  \rr 
Berselinstobe  obtained,  in  combination  with  chloride  of  ammonium,  when  a  sol- 
ution of  osmic  tetroxide  mixed  with  ammonia  is  treated  with  hydioehlorie  acid,  mer- 
cury being  also  placed  in  contact  with  it  After  a  few  days  the  liquid  loses  the  odour 
of  osmic  tetroxide,  and  leaves  the  double  chloride  on  evaporation  in  biovn  dendritic 
crystals. 

O8MXIFBI9  ABTSCSTZOV  AVB  BflTlMATXOV  OV.  All  osmium-com- 
pounds,  when  boiled  %ith  an  excess  of  nitric  acid,  give  off  the  unpleasant  pungent 
odour  of  osmic  tetroxide.  By  ignition  in  hydrogen  gas,  they  are  reduced  to  metaUie 
osmium,  which  as  wall  as  the  lower  oxides,  emits  the  same  ocbur  when  heated  in  contact 
with  the  air.  Those  which  contain  iridium,  however,  offer  greater  resistance  to  the 
action  of  oxygen  or  oxidising  agents  than  those  which  are  free  from  that  metaL  Such 
compounds  should  first  be  reduced  b^  hydrogen  to  the  state  of  an  alloy  of  osmium  and 
iridium,  in  which  state  small  quantities  of  osmium  are  more  easily  detected  by  oxi- 
dation. 

For  the  reactions  of  osmium  salts  in  solution,  see  pp.  243,  246. 

Quantitative  Estimation  and  Separation.  Osmium  is  generally  estimated  in  the 
metallic  state.  The  best  mode  of  separating  it  froth  the  metals  with  which  it  is  usnallT 
accompanied,  is  to  volatilise  it  in  the  form  of  osmic  tetroxide — hj  distillation  with 
nitromuriatic  add,  if  the  compound  be  perfecfly  soluble  therein,  or  l^  roasting  in  a 
stream  of  oxygen — ^receiving  the  vapours  of  osmic  acid  in  a  strcns  solution  of  potash ; 
and  to  reduce  the  resulting  salt,  by  the  addition  of  a  few  drops  of  alcohol,  to  osmite  of 
potassium,  which  is  insoluble  in  the  alcoholic  liquor.  The  osmite  of  potassium  is  then 
digested  in  a  cold  solution  of  sal-ammoniac,  whereby  the  compound  2NHK3JT'H50sO* 
is  produced,  and  the  osmium  reduced  to  the  metallic  state  by  igniting  this  last-men- 
tioned compound  in  a  current  of  hydrogen  gas.    (Frimy.) 

Another  mode  of  proceeding  is  to  condense  the  acid  vapours  evolved  by  ^^^aHntng  a 
compound  of  osmium  with  nitro-muriatic  acid  in  a  well-cooled  receiver,  and  psec^ntate 
the  osmium  from  the  solution  by  metallic  mercury.  A  precipitate  is  thereby  obtained 
consisting  of  calomel,  a  pulverulent  amalgam  of  osmium,  and  metallic  mercury  con- 
taining a  very  small  quantity  of  osmium.  This  mixture  is  heated  in  a  gfam  bulb 
through  which  a  stream  of  hydrogen  is  passed,  whereupon  the  mercniy  and  its  ^oride 
volatilise,  and  metallic  osmium  is  left  in  the  form  of  a  black  powder.  The  liquid,  how- 
ever, still  retains  a  small  quantity  of  osmium,  which  may  be  isohited  bv  saturating 
with  ammonia,  evaporating  to  dryness,  and  calcining  the  residue  (Berzelius).  The 
osmium  may  also  be  precipitated  from  the  distilled  liquid  by  sulphydric  add,  the  sol- 
ution, after  complete  saturation,  being  left  for  several  days  in  a  stoppered  botde^  till 
the  sulphide  of  osmium  is  completely  deposited.  The  sulphide  is  then  washed,  dried, 
and  weighed ;  but  as  it  is  apt  to  retain  moisture,  and,  moreover,  oxidises  to  a  certain 
extent  in  the  air,  the  method  is  not  very  exact.  It  is  recommended,  however,  fbr  the 
estimation  of  small  quantities  of  osmium,  the  method  of  predpitation  by  mercmy  being 
better  adapted  for  laiger  quantities. 

The  most  difficult  of  all  compounds  of  osmium  to  decompose  is  the  native  alloy  of 
osmium  and  iridium,  especially  the  pale  variety.  The  dif&culty  arises  in  a  great  mea- 
sure from  the  extreme  hardness  of  the  mineral  The  best  method  of  disintegrating  it 
is  that  siven  by  Deville  and  Debray,  which  consists  in  igniting  it  with  six  times 
its  weight  of  pure  zinc,  till  the  latter  is  completely  volatilised.  The  osmiridium  is 
then  left  behind  as  a  spongy  mass,  easily  reduced  to  very  fine  powder.  The  decom- 
position may  then  be  effected  by  igniting  the  pulverised  mineral  mixed  with  chloride 
of  sodium  in  a  stream  of  chlorine  (Wohler);  or  by  ignition  with  nitrate  and 
hydrate  of  potassium  (C 1  a  u  s) ;  or  with  chlorate  and  hydrate  of  potassium  (Fri  ts  sch  e 
and  Struve,  J.  pr.  Chem.  xxxvii.  483);  or  with  peroxide  and  nitrate  of  barium 
(D  eville  and  Debray).     See  Ibioivm  ^iii.  314)  and  OsiORiDnTX  (iv.  241). 

Atomic  weight  of  Osmium. — Berzelius  determined  the  atomic  weight  of  this  metal  by 
^eating  potasdo-osmic  chloride,  2KC1.0sCl*,  in  a  current  of  hydrogen,  1*8106  gim.  of 
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lb«  a&lt  le»Tiog  O'iOt  grm.  KCl  nod  (1*535  gnn.  otimtuin  ;  hvuce,  if  KCt  «»   174  5,  we 


ndfH 


198-8. 


Different  na tubers  are  boweTcr  obtnined  by  cotnpariug  tbeorigioftl  wt*ight  of  the  ««lt 
with  that  of  the  chloride  of  pobftmium  left^  or  wita  the  quantity  of  chlorine  given  off 
(03805  grm.),  the  rMolt  bemg  in  the  fonn«r  caae^  Ot  —  196*4  ;  in  the  latter,  Oa  ^ 
200-32, 

Frlmy  (Ann,  Ch»  Phyi.  [3]  xii-  361).  from  expcrimenta  with  oemic  tetroxide,  the 
details  of  which  hare  not  been  publiahed,  astimatiM  the  atomic  weight  of  osmium  at 
1996. 

The  number  191>  may  therefore  be  regsrded  aa  veiy  near  the  troth. 

OSlCSlTMIv  OZXXISS  Ol".  Five  oxUlea  of  ORmititn  arei  knowiif  oamelj  OsO, 
Ob^O^,  0»0^  OsO\  OsO*.— The  first  three  form  salta  with  acidu  ;  the  third  appeara  i*Uo 
to  act  aa  a  weak  acid  formin^g  a  potjieaiam-wiit ;  the  fourth  iji  aleo  a  weak  acid  forming 
with  basea  a  few  aalta  called  oamites.  The  tt^troxide,  OaO*,  ia  usually  regarded  aa 
an  add  and  called  oemie  acid  ;  but  its  eolutiona  in  alkalis  are  very  unstiible  and  do  not 
yield  definite  aalta :  henoe  it  cannot  be  regarded  aa  a  true  add  oxide, 

Vr«t«Kltf«f  or.Osmlooa  dxlde.  OhO. — Obtained  in  the  anhydrous  state  by  ignit- 
ing ooniona  or  potaaaio-osmiouN  aulpbite  in  a  ntr^am  of  carbonic  anhydride.  A  blue- 
}mA  hydrate,  probably  OftH^*,  is  produced  by  heating  oemioua  aulphite  with  atroog 
potaah  solution,  in  a  doaed  TesseL  Wh^n  r*H!ently  prepared  it  forma  with  hydrochloric 
add  a  blue  solution  whidi  however  quickly  becoroea  violet^  dark-red,  and  finally  yellow, 
Oixidiaing  in  factaa  qnicldy  aa  a  solution  of  a  fenx^un  salt  (Claua).  Berseuaa  by 
predpitatinff  potaoaio-oemious  chloride  with  potash,  obtained  a  greeuish-black  hydrate 
which  diflsolved  slowly  in  acida,  farming  given  solutions^ 

Osmious  sulphite ^  OsSO*,  ia  obt«inea  by  mixing  an  aqueous  aolution  ofthetetroxido 
with  aulphurous  acid.  The  liquid  then  turns  ydlow,  rtA  and  finally  deep  indigo-blue, 
and  when  evupomted  or  heated  with  sulphate  or  carbonate  of  sodium*  deposits  the 
aaltaa  ablne  jellVf  which  eajtily  oxidises  while  moist,  but  forma,  when  dry,  a  very  stable 
powder  of  a  dull  black-blue  colour  The  salt  ia  insoluble  in  wati^r,  but  diaaolvea  in 
oydrodiloric  acid  with  indigo- blue  colour,  and  without  evolution  of  sul^buroua  anhy- 
dride. It  is  decompoeed  by  potash  at  the  bi^iling  heat,  and  is  resolved  by  heat  into 
aulphide  of  osmium,  osmic  tetroxide  and  sulphurous  acid,  the  two  latter  of  which  how* 
ever  oaaily  reproduce  the  original  salt,     (C 1  a  u  s.) 

F^>Ul§nth09fimu9  8uIpMie.  3K^80*.0sS0'.dH'0or  J^^^l!  O^JH^.^-Potasaio-oemic 

chloride  heated  with  aqueous  sulphurous  acid  l>ecoraea  celourlesa  and  depodta  this  salt 
as  A  white  pulvi^rulent  precipitate,  which  when  dried  forms  a  light  cryatalline  powder 
having  a  tinge  of  rose-coloar.  It  disaolvefl  slightly  in  water*  and  baa  a  icarcdy  per- 
eeptible  Inatre ;  decomposee  at  180'=',  assuming  a  dingy  violet  colour.  (Claua»  Ann.  Cb. 
Fharm,  xiii.  ^T}5) 

Acid  Oimioua  SulphiU  with  Chloride  of  Potassium, 
by  treat! pg  the  l/u$t*de8cribed  salt  with  hydrochloric  acid. 
anhydrooB  salt,  very  aolnble  and  having  a  aharp  taste. 
Ixdi,  375.) 

8«Bqiiloxld,«  of  OamlTLiHt  Os'O*,  is  obtained  by  heating  either  of  the  double 
salt^  of  the  trichloride  (p.  214)  with  carbonate  of  sodium  in  a  e>treamof  cari»onic  anhy- 
dride. It  is  a  black  powder  insdnble  In  adds.  The  hydmU^  08-0'.3H''0?  obtained 
by  precipitation,  baa  a  dirty  brown-red  colour,  ia  soluble  in  acids,  bat  doea  not  yield 
pure  s^dtB. 

IMoxlde,  or  Oai&lc  Osldei  OsO*,  ia  obtained  as  a  black  insoluble  powder,  by 
heating  potnasio-ottmic  chloride  (p.  245)  with  carbonate  of  sodium  in  a  stream  of  carbonic 
anhydiiae  (Beraelius,  Glaus),  or  In  copper-red  metallic«ehining  Imnpa^  by  heating 
the  c^kfTesponding  hydmte.  Osmic  KydraUy  OsO*.2H*0,  la  obtained  by  predpitating 
a  solution  of  potaseio^oemic  chloride  vrith  potaah,  at  the  boiling  heat  (Berzeliui^ 
CIrtus),  or  in  ^ater  purity  by  mixing  a  aolution  of  potasaic  osmite  {K*O.OsO')  with 
dilute  nitric  acid  (CI  a  us): 

20sO»         ^         DaO*     -i-      OsO*. 

It  is  then  precipitated  aa  a  black  somewhat  gummy  twwder^  which  dries  up  to  Inmps 
having  a  conchoid  at  fracture.     It  is  sparingly  soluble  in  adda^  and  when  heated,  oa 

nposM  with  sdutlllation,  giving  off  osmic  tetroxideand  hydr^on,  and  leaving  osmic 

ids; 

20aH*0«         =         OsO'     +      OsO*      +      H*     +     2EnO. 
CIhus  suppoMB  that  there  is  also  another  oemic  hydrate,  O80*,5ff'0,  which  is  soluble  in 
ptiflsh,  and  Is  converted  by  heat  into  the  preceding  hydrate. 

The  anhydrous  oxide  and  the  hydrate  are  both  insoluble  in  acids.    An  osm^  tuipkaU 


6Ka.OsS0».S0».— Formed 
It  ia  a  brown-red  ciystalline 
(Clans,  Ann.  Ch.  Pharm. 
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18  laid  to  be  obtained  by  dissolving  disulphide  of  osmium  in  odd  dihite  nitric  acid; 
but  the  only  well-defined  osmic  salts  known  are  the  doable  Btdts  of  oemie  chloride  with 
the  chlorides  of  the  alkali-metals  (p.  245). 

A  compound  of  osmic  oxide  with  potash,  K'O.SOsO',  which  may  be  called  ij^po^ 
(ttmiie  of  potassium,  is  obtained,  according  to  Eichler  (p.  245)  by  expoein^  a  adiitioii  of 
osmic  tetroxide  mixed  with  alcohol  and  excess  of  potash  to  direct  sunshiiie,  and  txaat* 
ing  the  black  precipitate  which  separates  after  a  while  with  dilute  nitric  arid. 

TrioaUde  of  Oamlnm.  Osmums  Anhydride.  OsO*. — ^This  oxide  ii  not  known 
in  the  free  state,  but  according  to  Mallett  (SilL  Am.  J.  [2]  xxiz.  491  when  tfaa 
mass  obtained  by  fusing  platinum-residues  with  3  pts.  taltpetre  ia  distillea  with  etraig 
sulphuric  acid,  a  mixture  or  compound  of  the  trioxide  with  the  tetiozide  pawee  otpt 
at  the  beginning  of  the  distillation,  and  condenses  in  yellow  drops  which  ilowiy  eolidl^r 
to  a  mass  resembling  unbleached  beeswax  ;  at  a  later  stage  of  the  prooeas  the  tetraod^ 
passes  over  pure. 

Osmites^—OCAO^  or  M'O.OsO*.— These  are  nlta  obtained  by  the  action  of  re- 
ducing agents  on  osmic  tetroxide  in  presence  of  alkalis. 

OsmiU  of  potassium^  OsKO'.HK),  is  obtained  as  a  roee-coloured  crystalline  powder 
on  adding  a  few  drops  of  alcohol  to  a  solution  of  the  tetroxide  in  caustic  potash  (oamate 
of  potassium)  or  in  octahedral  oystals  of  considerable  size,  by  mixing  the  same  sohi* 
tion  with  nitrite  of  potassium  and  leaving  it  to  evaporate  slowly.  It  may  also  be 
formed  by  dissolring  osmic  oxide  in  the  alkaline  solution  of  the  tetroxide.  Itissolnbla 
in  water^  insoluble  in  alcohol  and  ^/Aer,  permanent  in  drjr  air,  but  ehaufles  into  oamate 
under  the  influence  of  air  and  water.  Chlorine  converts  it  into  osmic  oxide  uid  osmate 
of  potassium.  It  is  decomposed  by  acids,  even  by  the  weakest^  osmic  oxide  beins  pre- 
ripitated  and  osmic  tetroxide  evolved.  Sulphurous  acid  introduced  into  a  solution  of 
this  salt,  previously  rendered  alkaline,  throws  down  a  yellow  crystalline  precipitate, 
containing  a  salt  whose  acid  is  formed  of  osmium,  oxygen,  and  sulphur.  Chloride  of 
ammonium  decomposes  osmite  of  potassium,  forming  a  nearly  insoluble  yellow  aaUtt, 
2NHH^1.0sO*N'H\  This  compouno,  heated  in  a  stream  of  hydrogen,  gives  off  ammonia 
and  sal-ammoniac  and  leaves  metallic  osmium. 

Osmite  of  sodium  is  prepared  in  the  same  manner  as  osmite  of  potassium,  but  does 
not  crystallise  so  easily ;  its  solutions  are  rose-coloured.  Osmite  of  ammomum  does  not 
appear  to  exist ;  the  osmites  of  potassium  and  sodium  are  rapidly  reduced  by  ammonia. 

Tetroxide  of  OsmiwiDf  commonly  called  Osmic  acid.  OsO^. — This  is  the  volatile 
strong-smelling  compound  produced  when  osmium 'or  either  of  its  lower  ooddee  is 
heated  in  the  air  or  treated  with  nitric  or  nitzo-muriatic  acid.  The  best  mode  of  obtaining 
it  pure,  according  to  Claus,  is  to  rectify  the  distillste  obtained  by  treating  finely 
divided  osroiridium  with  nitro-muriatic  add,  using  cood  means  of  condensation,  satur- 
ate the  fint  third  of  the  new  distillate  with  potash,  and  distil  a  third  time.  Pore 
tetroxide  of  osmium  then  collects  in  the  receiver,  partly  in  concentrated  solution,  partly 
in  large  beautiful  aystals.  Its  vapour  has  an  intolerably  pungent  odour,  attacas  the 
eyes  strongly  and  painfully,  and  is  excessively  poisonous.  As  an  antidote  to  its  poison- 
ous action  Claus  recommends  the  inhalation  of  sulphydric  acid  gas.  Its  taste  is  acrid 
and  burning,  but  not  acid.  It  softens  like  wax  by  the  heat  of  the  hand,  melts  to  a 
colourless  liquid  considerably  below  100°,  and  boib  at  a  temperature  a  little  above  its 
melting  point  It  is  dissolved  slowly  but  in  considerable  quantity  by  waier;  the  solu- 
tion hiM  no  add  reaction.  It  is  dissolved  also  in  alcohol  and  ether,  but  the  solntinos  ars 
apt  to  decompose  spontaneously,  depositing  metallic  osmium.  It  is  a  powerful  oxidising 
agent,  decolorising  indigo-solution,  separating  iodine  from  iodide  of  potassium,  conveit- 
ing  alcohol  into  aldehyde  and  acetic  add,  and  the  carbohydrates  into  oxalic  and 
carbonic  adds.    Ammonia  decomposes  it  in  the  manner  shown  by  the  equation  : 

30sO*     +     4NH*       «       SOsO*     +     N*     +     6H*0. 
If  the  ammonia  is  in  excess,  it  forms  a  base  with  the  osmic  oxide  thus  prodnoed : 

SOsO*     +     lONH"       -       3N»H«OsO«     +     N*     +     6HH). 
If  potash  is  likewise  present,  osmiamate  of  potassium  is  formed: 

eOsO*     +     8NH«     +     6KH0       =       SK'N^OsK)*     f     N«     +     15H«0. 

Osmic  tetroxide  dissolves  in  alkalis,  forming  yellow  or  red  solutions,  which  are  in- 
odorous in  the  cold,  but  when  evaporated  by  heat,  give  off  the  tetroxide  and  leave  solid 
residues,  regarded  by  Berzelius,  who  however  did  not  analyse  them,  a80Bmates(i.e. 
compounds  of  the  tetroxide  with  alkaline  oxides).    But,  according  to  Claus,  a  solution  of 

*  riaui  dMtgn«tet  thM«  taltt  at  otwuUet,  becmiM  the  mIU  so  called  bj  Bersalivi  do  not  SBpeer  to 
cxift  in  deaoite  form,  the  solutions  of  teUozide  of  osmium  in  alkaMs  being  alwayi  docnronosed  bi  etiii- 
oratioo.  But  it  is  scarcely  worth  while  to  altar  the  ordinary  nontnclature,  atpsdalljr  as  theoaostaK 
(salts  of  the  tetroxide)  auy  be  supposed  to  exisi  In  lelution. 
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th«  triroxide  in  ttrong  cunsHe  potiiali,  gives  oif  wheti  heutiHl  the  gfpnti^r  part  of  tho 
telro&idr,  while  the  remainder  la  r«solv(Hl  into  frrc  oxygc'n  and  osmitf  of  poU«8iutn« 
OsKO^  or  K^O.OtaO*.  A  modpiiLtpl;  strong  aqneons  solution  of  osmic  teUtnide  poured 
upon  »oUd  hjf  diate  of  poiusiuiDt  becomes  heatm  and  forms,  without  evoltttion  of  oxygen, 
&  blood -red  soltitioii  oontainiog  nothing  bat  oconite  of  pouwium.     (Clans.) 

OSMXIlMt  SirtFSXXIlUi  OF,  OBminm  bunu  in  anlphur-viipour.  Firi^  sul- 
phidf-s  of  ofmiiim  ATf  fiaid  to  piist,  tiTDilogouK  toth«oxidc».  the  first  four  being  produced 
by  deduffipo(»ing  th«  CQimnoading  chloride*  vitli  Milphydricacid^  and  the  tetmsulphido 
^  punag  tulph^rie  Acid  gas  into  ^  tcdutioii  of  tb^  t^troxido.  It  i$  a  Bulphur-n<id 
pafhetlj  Kklnbl*  in  w«t«r,  wbcM««  the  others  are  stilphur-baMS.  sHghtly  voluble  in 
water,  and  forming  de^p  yellow  adiitioiia  (B  «  r  £  e  I  i  n  a).  Aooording  to  C 1  a  n  s  ( Jahresb, 
lfi59,  p.  264),  A  pore  aottittoii  of  osmie  tetrozid^  yielda  with  solphuric  acid  a  precipitate 
linil^  Urn  solphnr  than  the  tetrai^ulphidt?,  OhO*  ;  but  the  latter  may  bo  obtained 


fMir  by  fvvfiODflly  acidulating  the  solution  of  the  tetroxide  with  hydn>chloric  aciti* 
wliieli  dM  not  reduce  it. 


H'H'OiO*  •■  H«0*r — '^^  subatance  La  obtalni'd  in  combination  with  1  at  water 
(T^lPOaO*  =  N'H*080'.H*0),  by  the  action  of  aramfiuia  in  excess  on  ammonio-  orpo* 
tasaiD'Otsmic  chloride,  or  more  easily  by  heatinc  an  aqneoua  solution  of  the  tetroxide  with 
ammonia  (p,  246).  It  is  a  brown-blu^k  tast^Tesa  powder,  which  decompuses  with  nHu- 
tilhitaon  when  heated,  diaaolTce  in  potash,  leas  easily  in  Hmmoniat  and  slowly  in  acids. 
The  potaah-aolution  when  heated  giTea  off  ammonia  and  depoaits  (ammuniacal)  o«tmie 
hydrate.  The  acid  solutions  are  red-brown,  leave  wheo  erapoiated  uncryatallia&blo 
biieiic  salt«,  only  partially  ioluble  in  water,  and  yit^ld  with  potash  or  ammonia  a  pre» 
cipitate  of  the  unalterpd  base.  The  chloride  which  remains  on  eraporatinc  the  sotution 
of  tb*  base  in  hydrochloric  acid,  is  a  brown-bbvck  brittle  maas  only  partially  soluble  to 
water  and  probably  consisting  of  N*H*08Cl',jrH*0.    (CI  an  a.  Jahresb.  1863,  p,  303.) 

$,  FrAmy  (Ann,  Ch.  Ph}-*.  [3]  xii.  221),  by  adding  a  cold  solution  of  potaasic 
osmite  to  a  solution  of  s^l^iuumoniac,  obtained  a  yeUow  crystalluie  precipitate  contain- 
ing, according  to  his  analysis,  N^H^'OsO^CH',  and  regarded  by  him  as  a  compound  of 
•aJ-ammoniac  with  osmiam idc,  2 N H  *Cl,  N 'H'OaOl  According  to  G  i  b  b  s  and  G  e  n  t  h 
(SiJL  Am,  J.  [2]  xiY.  248),  it  forma  a  double  salt  with  platinic  chloride,  and  wh^u 
txeated  with  various  silver-aalts,  yields  corrospondiug  oxy-salts  which  are  orange-yellow, 
nearly  insoluble  in  cold  water,  more  soluble  in  hot  witter,  forming  solutions  which  are 
eaaily  decomposed,  with  evolution  of  i:«mic  tetroxide.  According  to  Ckiis,  Fr^my'a 
compound  probably  cr»nsijita  of  N=H*OsCLH*0,  inasmuch  as  it  cloiiely  resembles  the 
ruthenium-compound  of  analogous  composition  (see  EcrTHXwn'M).  The  oorrpspondiiig 
sulphate  treated  with  baryta-water  yiehls  a  very  unstable  solution  of  a  base  wkicH 
Clans  auppoees  to  contain  oamions  oxide. 

OfiMOas.     See  Liquids,  Osmobs  of  (iii.  718). 

OSfi£nr.    Syn.  with  Boicr-cartilaoe  (t.  619). 

OSTSO^TFB.  A  tricalcic  phosphate^  Ca'PK)",  fotind  near  Hanau,  also  at  Amberg 
in  the  Eragebirge.  A  apmmen  from  the  latt<?r  locality  analyaed  by  Gorup-Besanea 
(Ann.  Ch.  Pharm.  btxxix.  221)  gave  4200  per  «-nt.  phosphoric  anhydride,  48  16  lime, 
4-97  silica,  r56  ferric  oxide,  0*75  magnesia,  004  potash,  002  suda,  2'21  carbonic 
unhydride,  and  L'31  wat(!T  (  --  101*02).  It  is  probably  an  &patit«  which  haa  lost  its 
fluorine  and  chlorine.  It  has  a  oompaci  texture,  like  lithographic  stone,  or  else  is 
earthy  and  adheres  to  the  tongue.  Specific  gnivity  ->  2'89.  (Bromeis,  Ann.  Ch» 
Pharm.  Ixxix.  I.) 

OSTSAVXTE,     A  greyifih^brown  zircon  from  Brevig  in  Norway, 

0BTSKOCOL^A.    A  name  of  earthy  limestone. 

Orarx  (contraction  of  Ox-fthyl),  The  name  gireu  by  Williamson  to  the 
acid  radicle  C*H*0,  commonly  called  actiyl,     (See  NoicsNCLiLTUKB,  p.  132.) 

OT0JiA«FAT.  Obtained  from  the  fruit  of  Myrittica  otoba.  It  ia  nearly  cotonr* 
lesa,  buttery,  smells  like  nntme^  when  fresh,  disagreeably  in  the  melted  Btat«*.  Melts 
*|  ib°.  Contains  myriatin^  clem,  and  otobite.  (Uricoechea,  Ann.  Cb.  Pharm.  xci« 
369*) 

Oiobikf, — ^When  otoba-fat  is  saponified  and  the  soap  is  treated  with  alcoholic  acetate 
of  magnesium,  a  precipitate  is  formed  contattiing  otobite  and  mvTiBtic  acid;  and  on 
diesolTing  out  the  lalt^'r  with  alcohol,  the  otobite  remains  and  may  be  purified  by  r«j- 
CTyatalliaatiou  from  hot  alcohol  or  ether.  It  forms  large  colonrlc^  prisma  having  a 
glaaay  liistre,  tastelt-ss  und  iriodofijua,  lutlting  at  133^,  and  solidifying  i n  the  crystalline, 
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OP  if  more  »trongly  heated,  in  the  amorphous  state.  It  is  not  volatile,  bnt  creeps  up 
the  sides  of  the  tube  when  heated.  Contains  on  the  average  7302  C,  6*40  H,  and  20*68 
O,  agreeing  nearly  with  the  formula  C**H'*0*.     (Uricoeche&) 

OTTKB&ITB,  A  silicate  of  micaceous  stractoi^  oocomng  at  Otties,  near  Stovelot, 
on  the  borders  of  Belgium  and  Luxembourg,  in  small  shining  sealfls  or  platea  dioMiiu- 
in&ted  through  the  gangue.  Specific  gravity  *  4*4.  Scratches  ehus  with  diiBeiilty, 
has  a  blackish,  ereenish-grey  or  black  colour,  and  pale  green  stredk.  Before  the  bloir- 
pipe  it  fuses  wiUi  difficulty  to  a  black  magnetic  globule,  and  gives  with  flozea  the  ro- 
actions  6f  iron  and  manganese.  Contains  43*34  per  cent,  silica^  24*68  alumina,  16*72 
ferrous  oxide,  8*  18  manganous  oxide,  and  6*66  water  (  —  98*68)  agreaing  approxi- 
mately with  the  formula  3(Fe;  Mn)''SiO«.iI*Si»0'«. 

Phyllite  (q.  v.)  from  Sterling,  Massachussetts,  is  regarded  by  Dana  as  identical  with 
ottrelite,  but  the  analyses  of  uie  two  minerals  differ  considerably. 

OWAHO VITB.  Lime-chrome  garnet  from  Bisserak  in  the  UraL  (See  Qammmt, 
ii.  772.) 

O^B^jOAA  or  Opochala.  A  le^minous  plant  growing  on  the  Gaboon  and  near  Fer- 
tuindo  Po,  the  seeds  of  which  yield  a  fieit  oil.  (Amend on,  J.  Fharm.  [3]  xzxvu. 
404.) 

irWWXTa.    Thuringite  from  the  Potomac.    (See  THVBiNOiTa.) 

UC"H»)" 

OZABBVZZDZBB.     C>«H'«NK)'    -    N«j  (CH)^".— A  snbstanee  obtained  by 

^       H* 
heating  oxalate  of  benzidine,  C»«H»«N«.CmK)«  -  2H«0  -  C^H^NH)*.    It  is  pul- 
verulent, quite  insoluble  in  water,  alcohol,  ether,  dilute  acdds,  and  alkalis,  and  is  re- 
solved by  strong  potash  into  oxalic  add  and  benzidine.    (Borodin a,  Zeitsdir.  Ch. 
Pharm.  1860,  p.  583.) 

OZAOAlfCXTB.    Native  oxalate  of  calcium  (p.  256). 

OZAOarzO  AOZB.    Syn.  with  Gltooluc  Acn>. 

OZA&ACBTZO  AOZB.  A  name  applied  by  Dumas  and  Piria (Ann.'Ch.  Phya. 
[3]  V.  353)  to  tartaric  add,  from  a  peculiar  view  which  they  held  of  its  oonatitation. 

Syn.  with  Oxaluhamidb  (q,  v.). 


OZA&JUmw.    C«H<N«0.    (Limpricht,  Ann.  Ch.  Fharm.  exi.  188.)~A  bodj 

produced  by  the  action  of  nascent  hydrogen  on  parabanic  add: 

2C«H«NK)«     +     H«        -        C«H*N*0».H«0; 
Psrabaoic  acid.  Ox«lantin. 

it  is  related  to  parabanic  add  in  the  same  manner  as  alloxantin  CH*NH>',  to  allozaB 
C*H«N«0\ 

It  is  obtained  in  the  form  of  a  zinc-compound  by  the  action  of  zinc  and  hydrochlorie 
add  on  parabanic  add ;  on  treating  the  ciystalline  powder  thus  produced  with  anl- 
phydric  acid,  and  evaporating  the  filtrate,  oxalantin  is  obtained  in  hard  white  crasta, 
having  when  dried  at  100°,  the  composition  C*H'NH)*.H'0.  It  is  sparinffly  soluble  in 
water,  nearly  insoluble  in  alcohol  and  ether ;  the  aoueous  solution  has  a  sught  add  re- 
action. It  IS  not  oxidised  by  nitric  add  or  peroxiae  of  lead  at  the  boiling  heat,  bat 
when  its  aqueous  solution  is  heated  with  mercuric  oxide  or  silver-nitrate  and  ammonia 
is  added,  reduction  takes  place  immediatelv.  Oxalantin  dissolves  easily  in  alkalis  and 
alkaline  carbonates,  with  effervescence  in  the  latter  case.  The  solutions  when  evapo- 
rated appear  to  contain  oxaluric  add. 

OXAZiZO  ACZB.    C*H'0«  »  ^^^^  |o<.  Oxahdure,  Kleesaure,  SauerkUe^Sure. 

Kohli^e  Sdure.  Acide  oxalique,  Acide  carboneux. — This  acid,  the  first  of  the  seriea  of 
dibasic  adds,  C"H'°~^0\  including  malonic,  sucdnic,  pimelic  add,  &c  (i..52),  was  first 
obtained  by  Savary  in  1773,  andWiegler  in  1779,  in  the  form  of  a  sublimate  and  an 
aqueous  distillate,  by  heating  salt  of  sorrel.  Scheele  first  prepared  it  ftota.  salt  of 
sorrel  by  means  of  basic  acetate  of  lead,  and  showed  that  the  add  thus  obtained  waa 
identical  with  the  acid  oftugar  previously  prepared  from  sugar  and  nitric  add,.uid 
investigated  by  Bergman.  Its  composition  was  established  by  Dnlong,  Dober« 
einer,  and  Berzelius.  (For  the  literature  relating  to  it,  see  Gmelin^s  Handbook. 
ix.  111.) 

Occurrence, — Oxalic  acid  occurs  very  frequently  in  living  plants ;  as  a  potassiom-aah 
in  various  species  of  Rumrx  and  Oxalis  ;  as  a  sodium-salt  in  most  spedes  of  Salsola 
and  Salicornia,  plants  growing  in  salt-marshes ;  as  a  caldum-salt  in  a  great  number  of 
plantb,  in  the  root,  bark,  leaveb,  &c.,  being  often  found  in  the  cells  in  the  form  of 
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■niiiU  cnrstaK  th«  M^-odled  rapkidet,  Hany  lichens  are  \erj  rich  ia  oxaliAtfl  of  cal- 
cium, r  ^rroufl  oxalate  occurs  id  d«po«it«  of  lignite.  The  &i^  aeid  (hjdnc  uxaktr)  ia 
found  in  BUetus  igniarita,  &adt  according  to  Booi«  itat^meiits^  in  Uie  juice  of  the  chick- 
pea. Oxalate  of  oilciuisi  ia  also  of  frequent  oocnrreDce  is  the  aDimal  body,  being  found 
in  urine,  urinary  drpnsits,  and  calculi ;  in  the  allantoic  liquid  of  the  cow ;  in  the  mucus 
of  the  gall'bUddor  of  men^  oxen,  dogs^  riibbits»  and  pikes ;  and  in  the  MaJptghian  V4«- 
Bek  of  the  caterpiUnT  of  Sphifn  ConvolvvlL 

Formaitan.^l.  Oxnlic  acid  ia  a  v^ry  frequent  product  of  the  oxidation  of  other  or- 
ganic compounds^  Win^  in  fict  the  most  highly  oxidi»:4'd  of  all  carbon -compounds 
except  carbonic  anhydnde.  Some  eomponnds,  namely  Hlc<->hol  CH*0,  glycol  Cn*0', 
and  gfyeoilic  add  C'H^O',  are  oonverted  into  oxalic  acid  by  a  compaiatiTely  simple 
proetas  of  oxidation ;  but  in  moat  easee  the  reaction  ia  more  complex,  resnlting  in  a 
complete  breaking  up  of  the  molectde.  In  this  manni*r  oxalic  acid  ie  produced  in 
great  abundance  from  tJie  mtire  highly  carboitiaed  orgnniu  stihatancee,  snch  as  the  cht- 
bohydratea,  enoar,  starch,  cellulose,  ic ;  a,  by  the  action  of  nitric  acid ;  0.  by  fusion 
with  caustic  aUtatis.  It  is  also  produced  in  conaidcrabb  quantity  by  the  action  of 
moist  chlorine  or  chtorine-water  on  uric  acid, — 2.  As  an  ammonlum*salty  togt^ther  with 
other  prodncta,  in  the  decomposition  of  cyanogen  by  water : 

CN"     ^     4H'0       -       C«(NH*)»0*. 
3.  As  a  potaasium-salt  by  hmting  potasatc  formate  with  axoeff  of  potasaic  hydrate^  the 
action  being  attended  with  evolution  of  hydrogen : 

2CHK0»       -       C«K*0«     +     H*. 
4'  It  is  alto  fonnd  among  the  secondary  products  obtained  in  the  preparation  of  potai> 
nam  by  heating  potasaic  carbonate  with  chaiooaL 

Preparaiion. — I,  From  Add  Oxalate  of  Potat9ium{Mklt^miTel)  by  precipitjitingtbe 
■olution  of  the  salt  with  acetate  of  lead,  and  decoDiposing  the  precipitated  oxalate  of 
lead  with  sulphuric  or  sulphydric  acid.  This  is  tlie  oUe»t  mode  of  prepiiration,  but  it 
has  given  place  to  the  foUowiug  more  productive  methods. 

2.  Fh>m  8mar. — 1  pt,  of  loHf-sugfir  ie  heated  with  8  pto.  of  nitric  acid  of  Bp<*cific 
gravity  I'SS  nltimatf'Iy  to  the  boiling  point,  and  the  solution  is  evaporated  down  to 
one'sixth ;  it  thrn  on  cooling  deposit!}  white  cryatiila  of  oxalic  acid.  It  ts  important  in 
this  pn^cess  to  use  n  sufficient  quantity  of  nitric  Hcid,  as  the  mother-liquor  then  ciys* 
talHaes  in  the  form  of  oxalic  acid,  down  to  the  last  dr^p;  but  if  less  nitric  add  haa 
b«en  added,  saccharic  acid  and  other  intennediste  prodncta  remain  in  the  mother- 
lt(^uor,  which  tbt^n  becomes  yellow  and  brown  on  evaporation.  The  crytftals  of  oxalic 
acid  may  be  purilied  from  atUi^^ring  mother-liquor  by  recrystalllsing  them  from  wnter 
containing  a  little  nitric  scid,  then  drHining  them  on  a  fkinnel,  washing  with  a  little 
cold  water,  and  drying  between  bibulous  paper  at  a  medium  temperature.  Oxalic 
acid  prepared  with  nitric  add  is  often  contaminated  with  tlie  latter,  which  may  however 
be  removed  by  allomnng  tho  crystnls  to  effloresce  in  warm  air,  then  recrystalli(»irig  from 
hot  water»  again  Icji^'ing  them  to  eflloresce,  and  recrj^atallising.     (Berselius.) 

Moist  sugar,  trt'Ac!i%  stnrcli-ftng«ror  starch  may  also  be  used  instead  of  loaf-sugar  for 
the  ppi'paration  of  oxalic  add.  The  nitrous  fumes  pvolred  in  the  process  may  ^  util- 
isfnl  for  the  manufiicture  of  sulphuric  add ;  or  they  may  be  reconverted  into  nitric  add 
by  the  action  of  air  and  water.  (Fur  a  description  of  the  mannfacture  of  oxalic  add  on 
the  lai^e  scale,  and  of  several  patented  processcj*  for  utilising  the  nitrous  fumen,  sea 
Urt^s  Dieiumary  of  ArU,  4^.  iv.  367.  alao  Richardson  and  WatU§  Chemical  Technoioffj^^ 
▼ol.  i*jpt  6,)    "^ 

3.  Ftom  Starch,  Crtfulo»fand  other  Organic  tubttametthyfimofi  with  olkaHnr  hydratee, 
—When  lOO  pU.  of  starch,  sawdust,  straw,  hay,  bran,  tobacco-cuttinpw,  &c.,  is  mix*»d 
with  II  solution  of  aK>ut  SOO  pts.  hydrate  of  potassium,  the  liquid  nvaporatt-d,  and  the 
r*^idue  hmted  to  200** — 250°  for  four  or  Ave  noiirs,  a  quantity  of  oxalic  add  is  obtained 
amounting  to  between  10<i  anrl  160  pts.  of  the  crystalliived  acid.  When  soda  is  used 
ipfttead  of  potash,  the  product  is  much  less;  but  with  a  mixture  of  1  pt.  hydiute  of 
eodium  to  2  pta.  hydrate  of  potassium,  it  is  somewhat  greater  than  with  potash  alone 
(PossojE,  Compt  rend,  xlvii,  207,  648).  A  process  founded  on  this  reactjon  hat  been 
pHtcntM  by  Mensrs.  Roberts  Dale  and  Pritchard  of  Manchester,  who  prepare 
oxalic  acid  on  a  considerable  scale  by  heating  sawduRt  with  a  mixture  of  potasaic  and 
tw()dic  hydrates.  On  treating  the  product  with  a  small  quantity  of  water,  sodie  oxalate 
alonc^  remains  undissolved.  This  salt  is  converted  into  calcic  oxalate  by  treatment 
with  chloride  of  caldum  ;  the  calcic  oxalate  is  decomposed  by  dilute  sulphuric  acid  ; 
and  the  oxalic  add  is  left  to  crystallise  from  the  ftltrate  by  cooling.  {Chemical  Tfchno* 
tf*gti,  loc,  cit.) 

PrnpFTiifS. — Oxalic  acid  cmtaUisea  easily  m  large  tranNparent  colourless  cry  stain, 
coilaining  2  at.  wuter :  CH'0^2H'0.    They  l)eloug  to  the  monocUnic  syst^^m^  usually 
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exhibiUng  the  combination  c»P.  oF.   +  Poo .  —  Poo .  [Poo  ].    Ratio  of  aacM»  a:  b:  e 

-  0-690  :  1  :  1  969.     Angle  b  :  e  -   73°  48' ;   ooP  :  ooP  -  lie<>  52';  ooP :  +  Pod 

-  m^  2'  ;  -  Poo  :  oP  -  129<>  20*;  -  Pao  :  +  Poo  .  127°  16';  +  Poo  : 
oP  »  103<'24';  odP:  [P<x>]  »  140<>  19^.  The  OTStaltarearaaUyprinnatuaUj  ckm- 
nted  in  the  direction  of  the  orthodiagoniJ.  (Brooke,  Aon.  PhiL  xxii.  19.— X>e  la 
ProTostaye,  Ann.  Ch.  Phm  [3]  iv.  453. — KammeUberg,  Po^.  Ann.  seiH.  24.) 

Oxalic  acid  is  Teiy  soluble  in  Ufcter  and  in  alcohol^  dissolving  in  15*6  pts.  wmtar  at 
10°,  in  9*5  pta.  at  13*9° and  in  a  veiy  small  quantity  at  100°  (Turner).  Thefloliition 
is  strongly  acid  and  very  poisonous,  reddens  litmus,  and^  decomposes  ctabooMteu  with 
effervescence.  Oxalic  acid  contaminated  with  nitric  add  dissalves  in  2  pts.  of  cM. 
water  (Berzelius).    (See  further  Storer*s  Dictionary  of  Solubilities,  p.  419.) 

Crystallised  oxalic  add  melts  at  about  98°  in  its  water  of  aystaUisation ;  on  eon- 
tinned  heating,  part  of  it  sublimes  as  dry  oxalic  add,  CHH)^,  while  the  greater  part 
suffers  decomposition.  It  also  gradually  gives  off  its  water  over  oil  of  vitriol  at  20°, 
being  completely  dehvdrated  in  the  com«e  of  a  few  weeks  (Erdmann,  J.  pr.  Cbem. 

Ixxxv.  213).    Aocordingto  Bodeker  (Jahresb.  IMOi >  17)»  the  spedfie  a '^  ^"*-- 

crystallised  add  is  1*63 ;  of  the  sublimed  add  2*0.    The  aod  dried  at  16 

at  165°  in  slender  white  needles,  ^art  of  it  however  bdng  deoompoMd,  and  in  | 

proportion  as  the  temperature  is  higher. 

Decompositions, — 1.  Oxalic  acid  is  resolved  by  heat  into  carbonic  anhydride  and 
fbrmic  add,  part  of  the  latter  being  further  resolved  into  carbonic  oxide  and  water: 
<7H»0*      «      C0«     +     CHW 
C»H»0*      -      C0«     +     CO     +     HK). 
The  same  decomposition  takes  place  when  the  add  is  heated  with  plaHmtim  9pcmgSt 
pumice  or  sand.    When  oxalic  acid  is  heated  with  an  equal  weight  olfflfDerm,  ibeoni- 
podtion  takes  place  at  about  100^,  carbonic  anhydride  being  evolved,  and  the  iwddne^ 
probably  a  compound  of  formic  add  with  glycerin,  yields  formic  add  by  distillation 
with  water  (iL  686). 

2.  Oxalic  acid  heated  with  dehydrating  substances,  such  as  concentrated  sulphuric 
or  phosphoric  acid,  is  resolved  into  water  and  equal  volumes  of  carbonic  oxide  and  car- 
bonic anhydride : 

C«H«0«       -       HK)     +     CO     +     C0«. 

8.  An  analogous  deoompodtion  is  produced  by  pentachlorids  of  phosphorus,  the 
products  being  carbonic  oxide,  carbonic  anhydride,  hydrochloric  add  and  oo^diloride 
of  phosphorus : 

c«H«o«   +    pci»    -     CO    +    co«   +    2Ha   +   Poa». 

As  this  and  the  preceding  reaction,  when  applied  to  other  dibadc  adds,  yield  the  cor- 
responding anhydrides  (1.  52  X  and  as  moreover  the  reaction  with  pentacUoride  of 
phosphorus  takes  place  in  exactly  the  same  manner  when  the  two  bodies  are  lirocm^t 
togeUier  in  stronefy  cooled  ether  or  sulj^hide  of  carbon  (Kekul^),  it  appears  probflible 
that  the  anhydride  of  oxalic  add,  CK)',  is  unable  to  exist  under  any  ooncutiona  that  we 
are  able  to  command. 

4.  Trichloride  of  phosphorus  acts  on  the  dry  add  in  the  same  manner  as  the 
p^tachloride ;  wiUi  crystallised  oxalic  add,  however,  it  yields  crystallisablephoBphoioiis 
add  (Hurtzig  and  Geuther,  Ann«  Ch.  Pharm.  cxL  170): 

C»H«0*.2HK)     +     Pa«       «      CO     +     C0«     +     SHG     +     PHK)». 
6.  Oxalic  add  is  not  readily  attacked  b^  nitric  acid;  it  may  indeed  be  cryatalliBed 
from  hot  nitric  add ;  by  continued  boiling  therewith  however  it  is  slowly  fflridiffi*d, 
yielding  water  and  carbonic  anhydride. 

6.  By  other  oxidising  agents,  oxalic  add  is  easily  resolved  into  cariwnic  anhydride 
and  water.  Thus  it  is  oxidised  slowly  by  the  oxygen  of  the  air  in  presence  of  i^tinum 
black ;  quickly  by  peroxide  of  lead  or  peroxide  of  manganese  in  presence  of  an  acid :  e.  y. 

Cm*0*     +     MnO«     +     H»SO*      =       2C0«     +     2H«0     +     MnSO«. 
On  this  reaction  is  founded  a  convenient  method  of  valuation  of  commercial  oxide  of 
manganese  (iii.  814).    When  these  peroxides  act  on  aqueous  oxalic  add,  the  prodneta 
are  carbonic  anhydride  and  a  metallic  oxalate^  e,  g, 

2C»HK)«     +     MnO       =       2C0«     +     HH)     +     C«MnO«. 
When  4  pts.  of  dried  oxalic  add  are  triturated  with  21  pts.  peroxide  of  lead,  the  maas 
becomes  incandescent.     Oxalic  acid  is  likewise  rapidly  oxidised  by  potassie  permam^ 
ganate,  chromic  acid  and  vanadic  acid, 

7.  Chlorine  does  not  act  on  dry  oxalic  add;  but  in  presence  of  water,  deeomporitioa 
quickly  takes  place,  thus : 

C«H*0*     +     Cl»      «       2C0«     +     2HCL 
A  similar  reaction  is  produced  by  bromine,  hypochlorous  acid,  and  the  ciloridet  ofeami§ 
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rtducibU  meiitU,  Hnoce  oxalie  acid  predpriUtca  metalHc  gold  from  auric  tkhridt^  Fspfr* 
•iftUj  on  boiling;  sIao  inctaU^lie  plAtttium  £roai  platinic  chhrid*^  bat  only  und^r  the 
iiiAii»iiice  of  direct  BaBibine.  With  merctim  ehloride^  oxalate  of  ammoniiim  quickly  fbntui 
mtreuiDua  cbloridt^ 

8w  P»ta§9mm0itdmMtmhffittd  with  dry  oxalio  add,  deoompose  it  with  incandes^xnoe^ 
ebiTKMl  beiof  •<«i)«nit«d  and  bydtog«n  erolriKi 

9,  When  ojulic  add  U  heatod  with  exoeoi  of  pQtat^ia  or  bartftk  hydtmU^  hydrogea 
it  efolred  and  a  carbonat«  ij  form  ad:  './. 

C'H»0*     -►     2KH0       «       2KBC0»     +     H», 

10.  Niutceni  hydrogen ^  evolved  by  the  iM?tioii  of  Bodium- amalgam  on  water,  oif  of 
dnc  on  dilate  sulphiiric  acid,  conrcrU  oocalio  into  glyojEjHc  acid:  CHK)*  ^  H* 
*  CH*0*,H«0.    (Church,  ii,  921) 

Oxalatea*  OxJilic  add  is  dib««it%  yiVlding  with  monatomic  metals,  neutral  saltit 
containing  C^SPO*,  and  idd  talti  0*ttMO*«  With  potAseium  mid  ammonium  it  liki> 
wiiHj  form*  hyper-add  tidU,  #.  g.  C»HKO*.C"HK)\  or  C*H»KO*.  With  most  diatomic 
met«U  it  form«  only  one  salt ;  with  burium  and  atrontiumi  bowerer,  it  formii  acid  salt  a 
analogous  to  the  hyppmdd  oxalatrs  of  the  alkali-motala.  It  alao  forma  aumeroue  well- 
cryataUiand  double  buUh.  It  in  one  of  the  atrofigp«t  addii^  dcizomposing  dry  chloHde 
of  andium  when  heat«d,  with  evoluuoo  of  hydrochloric  acid^  and  conTcrting  chloride 
or  nitrate  of  aodinm  in  aqo«oua  iolution  into  add  oxalat<.\ 

The  MxaUtea  of  the  alkali-meCak  aro  iioltible  in  u^atir,  the  reat  are  for  the  moKt  part 
iujiolublf*  In  water,  but  eoluble  in  dilute  acids, 

A\{  oxtdatea  ar««  decomposed  by  hfat.  The  oanlatea  of  tho  alkall-metala,  and  alao  of 
the  alkaline  eaitit-metala,  if  not  too  strongly  heated,  gire  qW  carbonic  oxide,  and 
leave  «arfaoDat««i  whila  the  oxalatea  of  thos«  mctala  whoae  carUrnatea  are  deoomiKieed 
by  heat  (ainc  and  magnfmium  for  example)  give  off  carbonic  oxide  and  coruonic 
anhydride  and  leave  met^dlic  oxidea.  The  oxalates  of  the  mom  raeily  r«diidblij 
metals  (ailver,  copper,  ^,)  give  oflT  carbonic  anhydride  and  leave  the  metal ;  the  lead* 
salt  learea  suboxido  of  lead,  and  girea  off  S  voL  carbonic  anhydride  to  1  Tcd.  carbonic 
oxide: 

2C«Pb-0*     -»     Pb»0  +  3C0»  +  CO. 

Oxalatea  heated  with  sulphuric  acid  gire  ofiT  carbonic  oxide  and  carbonic  anhydnde, 
and  leave  a  residue  of  eulphate.  In  this  coae,  as  well  as  in  the  decompooition  by  heat 
alone,  no  separation  of  carbon  takea  place,  and  conecquentty  th&  residue  doe^  not 
blacken  ;  this  character  distinguish^  the  oxalatea  from  the  salts  of  all  other  carbou- 
acids. 

Oxidic  add  and  the  soluble  oxalates  gire  with  cAlorids  of  calcium  a  predpttato  of 
calcic  oxalate,  insoluble  in  water  and  in  acetic  add,  but  soluble  in  hydrochloric  and 
nitric  acid.  This  reaction  afTorda  a  very  delicate  test  for  the  presence  of  oxalic  acid : 
the  insolubility  of  the  precipitated  oxalate  in  acetic  acid  diatinguit^es  it  at  onte  from 
the  phosphate. 

Precipitation  with  Boluble  caldum-aalta  acrrea  also  for  the  qnantitatire  estimation  of 
oxalic  acid,  the  prf^cipitate  beiiig  ccmrerled  at  a  low  red  heat  into  carbonate  C-Ca^O', 
100  pta.  of  which  an;  equi\*a]ent  to  128  pts.  ealdc  oxalate  C^a^O^  90  pta^  dry  oxalic 
acid  C*H*0*,  or  126  pta,  of  the  oyatallieed  acid  C-IP0'.2e*U  The  carbon  and 
hydrogen  in  oxalatea  may  also  be  estimuted  by  combustion  with  «mide  of  copper. 

Thn  com  position  and  propertiea  of  the  oxalates  have  been  made  the  stibjcct  at 
numerouH  reeeorches,  espedally  by  Berielius,  and  more  recently  by  Kammelsberg 
(Pogg.  Ann.  xdii.  24)  and  Souchay  and  Lenssen  (Ann.  Ch.  Pharm.  xcix.  31; 
e.  808;  cii,  Z6  and  41 ;  ciii.  303^  cv.  245;  Johreab.  1856,  446;  1857,  p,  289;  lU^ 
p.  243). 

OxaLATB  OF  ALtJMiM tux. — A  Bolution  of  alumina  in  oxalic  odd  leaves  on  eva- 
poration an  amorphooa  transparent  moss,  which  has  a  sweetioh  astringent  (aate,  reddena 
litmiui^  deliqueaoea  in  the  air,  and  swells  op  when  healed. 


8odio^alumime  Oxalate,  Al«O*.2Na»O.4C*O*,l0lPO  or 


AT»  Na«  ) 


IOH*0,  is  pro- 


duced when  an  excess  of  basic  sulphate  of  aluminium  (obtainKt  by  predpitating  alum 
with  exeeaa  of  aodie  carbonate)  is  boiled  for  a  long  time  with  a  solution  containing 
I  at.  Bodic  carbonate  to  3  at.  oxolio  acid.  The  liquid  if  left  to  itself,  for  eome  months  d©- 
|tositB  the  doable  salt  tn  rhombic  crystals,  permanent  in  the  air,  and  miartngly  soluble 
in  water  with  separabcin  of  alumina  or  basic  aalt,  (Lenssen  and  Lowenthal^ 
J.  pr.  Chem.  Ixxxvi.  314,) 

0x*L4T«ftOFAiiM0Niu  M.— «.  Nmtt^  mH,  C^NH*)*D«.H*0.— This  salt  has  bivm 
fbund  in  guano.     It  is  obtained  by  aaturaling  oialic  acid  with  ammonia  or  its  carbo- 
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nate,  and  crystallises  in  colourless  rhombic  prisms  generally  exhibiting  tba  oombinatioii 
ooP  .  oP  .  oojfoo  2too  .  AP.  lUtio  of  axes,  a  :  6  :  c  «  0*7837  :  1  :  0*8711.  Angl* 
ooP:  QoP  -  76<»10';  ooP :  odPao  -  128°  6';  oP :  4P  -  148^  66';  2Pao  :  oP  - 
1480  26' ;  2^«>  :  ^P  »  161^30'.  The  crystals  are  partly  hemibedml,  only  two  of  tha 
four  fiices  ^P  being  present  at  each  end.  One  of  the  £u»b  ^Pqo  and  the  a^acent 
face  2Pao  are  usually  of  larger  dimensions  than  the  posterior  fitoes  at  the  same  end ; 
xdoreorer  the  crystals  are  ofUn  flattened,  two  of  the  prismatie  £u»b  ooP  then  disap- 
pearing (De  la  Provostaye,  Ann.  Ch.  Ph^s.  |^3j  iy.  454. — ^Brooke,  Ann.  FhiL 
zxiL  374).  The  crystab  effloresce  in  warm  air,  giving  off  1  at.  water.  Th^  diasolTe 
in  3  pts.  of  cold  water,  but  according  to  Heinta  (J.  pr.  Chem.  IzzxriL  309)  axe 
much  lees  soluble  in  water  containing  ammoniacal  salts,  so  that  the  salt  is  precipitated 
from  a  moderately  strong  solution  on  addition  of  chloride  or  acetate  of  ^rni"*^^*"™- 
The  salt  is  decomposed  by  dry  distillation,  yielding  oxamide  and  other  prodocts. 

3.  Acid  OxaUUe,  Di-oxalate,  or  Bi-oxalate,  C7H(NH«)0«ja'0.— Produced  l^mizing  the 
solution  of  the  neutral-salt  with  oxalic  acid,  or  with  any  other  add,  soch  as  snlplraric^ 
hydrochloric,  or  nitric  It_  crystallises  in  rhombic  prisma,  usually  exhibiting  tlie  com- 
Imiation  ooP  :  f  oo  .  ^  .  Poo ,  with  the  terminal  faces  qP,  oof  ao  and  ooj^oo .  Batio 
of  axes,  a:b:e^  0-4533  :  1  :  0*5593.  Angle  ooP  :  ooPoo  -  II40  28';  ^ao  :  oP  - 
15g<>  47';  c»P<x)  :  c»P  =  155**  37';  oP  :  »Pco  -  90<^;  oP :  ooPoo  <-  90<»;  too  : 
ooPflo  -  1190  13';  oP  :  Poo  -  129°  1';  P2  :  f  oo  -  151*>  42';  ft  :  oP  «  140^  13*. 
This  salt  has  an  acid  reaction,  and  is  less  soluble  in  water  than  Uie  neutral  oixalate.  It 
is  resolved  by  heat  into  oxamide  and  oxamic  add. 

Hyperacid  OxalaU,  TetroxalaU  or  Quadroxalate,  C«H(NH*)0*.C*HK)*.2H«0  or 
C^H*(NH*)0'.HK). — Obtained  by  crystallising  a  mixture  of  equal  parts  of  the  pfeceding 
salt  and  oxalic  add.  It  crystallises  in  triclinic  prisms  isomorpnous  with  toe  byper- 
add  potassium-salt,  and  having  a  spedfic  gravity  of  1607  (Schiff).  The  cfystals 
effloresce  at  100°,  giving  off  15*4  per  cent  «  2  at.  water.  They  are  very  aoluble  in 
warm  water. 

OxAULTB    OF   AmmfONT,    S'&H)».C*0«.2H«0   or   2[C«b'''H«0«il)W].3HK)     <- 

sP   *-        \  0*l-3HK).^Thi8  salt  is  prepared  by  boiling  antimonioua  chloride  or  the 

LSb»H«  I  J 
oxychloride  (algaroth-powder)  with  oxalic  add  (P^ligot),  or  by  mixing  a  aatnrated 
aqueous  solution  of  oxalic  add  with  a  solution  of  trichloride  of  antimony  in  hydrochloric 
add  ^Soucha^and  Lenssen);  it  then  separates  in  the  course  of  24  houra  as  a 
gmnular  predpitate.  It  gives  off  1  at  water  at  100<^  and  begins  to  deoompoee  at  220°. 
(Souchay  and  Lenssen.) 

Ammonio-antimonic  Oxalate.  C^Sb'*(NH<)H)".2HK).— Obtained  by  mixing  a 
Holution  of  antimonious  oxide  in  add  oxalate  of  ammonium,  first  with  a  small  quantity 
of  absolute  alcohol  (which  throws  down  acid  oxalate  of  ammoniumX  then,  after  filter- 
ing, with  about  three  times  its  volume  of  absolute  alcohol  (8  ouch  ay  and  L  en  seen). 
It  forms  rhombic  prisms  exhibiting  the  combination  oP .  P ,  2P .  ooPoo .  Axea  a:  bie 
<-  0-3716:  1  :  0*5305.     (Rammelsberg.) 

PotaMi(Mintimonic  Oxalate.  C^b"^«0'*.6H«0.— Obtained  by  dissolving  antimo* 
nious  oxide  in  a  hot  concentrated  solution  of  acid  oxalate  of  potaadum.  The  filtrate, 
as  it  cools,  deposits  nodular  crystals  of  the  salt,  which  dissolve  without  deoompod- 
tion  in  water,  but  are  decomposed  by  mineral  adda,  with  separation  of  oxalic  add 
or  of  basic  oxalate  of  antimony.  Gives  off  3  at  water  at  100°  (S  ouch  ay  and 
Lenssen).  According  to  Rammelsberg,  the  salt  prepared  as  above  forma  monoclinie 
crysUls  containing  2C^b''KK)".3H*0.  Ordinary  combination  ooP  .  odPoo  .  oP . 
[  odPoo  ].  Ratio  of  axes,  a:b:c:  »  1*2364  :  1  :  0*5472.  Angle  of  indined  axea  » 
69°  36 ;  ooP  :  ooP  in  the  clinodiagonal  principal  section  —  lOS''  40' ;  [Poo  ]  :  [poo  1, 
in  the  same  »  134°  56';  oP :  ooP  -  106°  8'  (Rammelsberg).  On  dissolving 
this  salt  in  water,  part  of  it  decomposes,  with  separation  of  oxide  oif  antimony,  while 
the  rest  dissolves  without  alteration,  and  separates  after  awhile  in  laise  oystali 
containing  2(>Sb"'K"0'*.9H*0.  These  crystals  are  rhombic,  generally  exhibiting  the 
combination  ooP  .  Poo .  :Poo .  ooPoo .  Ratio  of  axes,  a:b:  c  —  0*6903  : 1  :  1*14168. 
Angle  ooP  :  ooP  =  67°  40';  too  :  Poo  (basal)  =  97°  48*;  Poo  :  Poo  (baaal)  » 
119°  23'.  The  mother-liouor  of  this  salt  deposits,  beddes  acid  and  hyperacid  oxalate 
of  potassium,  a  few  crystals  of  a  double  salt  belonging  to  the  triclinic  system.  (Bam* 
melsberg.) 

Sodio-antimonic  Oxalate.  C«b'T^a«0".C«Na«OMOH«0.— Prepared  like  the  potae- 
dum-salt  Forms  distinct  highly  lustrous  crystals,  which  give  off  half  their  wster 
when  heated  for  some  time  to  100°.  Dissolves  without  decomposition  in  water  either 
hot  or  cold,  but  is  decomposed  by  mineral  acids.  Sparingly  soluble  in  alcohol,  insoluble 
in  ether.    (Souchay  and  Lenssen.) 
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dlfd  iti  mnall  hi&rd  gbtMnr  dystali  from  i  bol  aolution  of  afseaious  uxide  tii  aqueous 
I  ojudate  of  puU««iuiD.    (Sou«hfty  mndLeDsseii.) 

OxALATBS  ow  Bahiuu.  The  nruirfvf  salt,  OBa"0>.2HM>,  is  precipitaW  as  a 
whit«  powdef  on  mixiDg  oxiilic  Kcid  with  exo<>M  of  baixta^water*  or  hj  precipitating 
the  neutral  poia«iuRi-ult  vith  chloride  of  bafiam.  It  dissolve*  in  2,690  pts.  of  cold, 
and  2,500  ptn.  of  hot  water,  mor«  madil^r  in  solution  of  sal -ammoniac,  Bt&ll  mor«  in  water 
contaiuing  acetic  acid,  and  mo«t  readilj  io  aqueouii  oxalic  add.  At  1 00"^  it  gives  off 
1  at>  water,  and  is  reduced  to  CBa^O^.H^O,  which  ia  aUo  thtf"  coiiipoaitio&  of  the  salt 
obtained  by  pr^dpitatiog  a  «olfitioa  of  chloride  of  barium  with  oialata  of  funmoma,  at 
the  boiling  heat. 

An  acid  oxahu^  C*H'Ba"U*.4H*0«  is  dcpoeited  iu  pointed  erjstals  on  mixing 
nearly  equal  quau titles  of  the  saturated  solations  of  oxalic  acid  and  chloride  of 
barium.  The  cryataii  diaaolve  in  336  pta.  of  watc-r  at  16-6^,  forming  ao  acid  boIu- 
lion  ;  tht»y  am  deoompoaed  by  hot  water,  oonTeited  into  thp  normal  oxalate  by  ealiue 
•olulionflt  and  ar«  not  alt«r«Kl  by  iilcohol  or  ether  (Clapton,  Chem,  Soc.  Qn*  J.  v. 
223).  According  to  Souchay  and  Lenasen,  they  cont^iin  ouly  half  tbe  water  required 
by  the  formtila  abtve  given,  half  of  this  water  §;oing  off  at  ll»0^,  tho  r«st  at  U5^  and 
oxalic  nidd  tw'ginniug  lu  volatilise  at  Lh©  same  time.  The  crj^stala  require  392  pt«,  (jf 
water  at  17°  to  €lii*eolve  them,  and  are  decompoaed  by  hot  water,  vrith  fonnatlou  of  thw 
ut^utral  salt ;  alcohol  likewise  throws  down  the  neurral  salt  6t»m  the  aqueouisi  solution 
of  thn  acid  salt^ 

OxAi,A.Tns  or  BtsirnTH.  C*Si*0'*.15H'0.— The  nrutral-Hdi  acpantes  as  a 
white  crystalline  precipitate  on  mixing  nifrnt*  of  bismuth  with  excess  of  Azalic  acid. 
Retains  2  at.  water  at  lOO'*,  but  decompoees  at  higbrr  temperatures  into  sutxixlde  of 
bismuth  (Bi*0*)  and  acid  oxalate  of  bismuth.  It  is  insoluble  in  water,  sr>]uhle  in  acids, 
and  deoomposee  by  prolonged  contact  with  water  into  oxalic  acid  which  dissolves  and 
a  liaaic  oxalate  of  bismuth.     (Son c b a y  and  L e n ■  » e  n.) 

Basic  oxalatf.  The  neutral  oxalate  boiled  with  wnter  yields  a  ^tt  having  the  com* 
pofiition  2(Bi'OVC*0*).3H«0  (Heints).  flouchay  and  L*'nPfien,by  boiling  the  recently 
precipitated  normal  oxalate  with  water  till  the  linuid  no  longer  bicame  acid,  obtained 
«  Bftlt  which  gave  by  analysii  72-39  per  cent,  oxiae,  agreeing  with  the  formula  BiW, 

C'O'.SHK)  or  2(C^i**^*O*».BT*O»).3H'0  (requiring  7206  per  cenL  BiO*)  better  than 
with  Heint«  s  formula,  which  requires  73'5  per  cent.  According  to  the  latter  Ibrmula 
the  siilt  is  analogous  to  the  oxalate  of  antimony  above  describecL 

Oxalate  of  Bismuth  and  Ammonium.  C*Bi'"(NH*fO".6C*(NH*)»OM2H»0.— 
Czystalliitei  Arom  a  hot  satumted  solution  of  oxalate  of  bismuth  in  oxalate  of  ammonia, 
in  small  prismatic  crystals  which  give  off  the  whole  of  their  wati^r  (13'dS  per  cent.)  at 
100°.  Diasolires  readily  in  hot  water,  forming  a  ciear  eolution  which  becomes  turbid 
after  a  few  seconds,  and  deposits  oxalate  of  biitmuth  sa  a  crystalline  powder.  It  is  in< 
soluble  in  utcohol  and  ether.     (S  ouch  ay  and  Lena  Hen.) 

Oxtaatt  of  Bitimuih  and  Poiassiunu  C«Bi'"K'0»*/2CK»OM2H«0.— Prepared  Uke 
Ute  preceding,  and  separates  in  small  prismatic  crystals  which  are  insoluble  in  alcohol 
and  ether,  and  are  decomposed  by  water.  The  roother-liquor  deposits  a  salt  contuiu-' 
ing  C*Bi'"K'0'".4C»K*OM2H«0.      (Souchay  and  Lenssen.) 

OxALATBOpCADittuM.  C^M^O^aH^O.— The  anhydroussalt  isobuined  as  a  white 
mmorphous  powder  by  digesting  ciirl>onate  of  cadmium  with  oxalic  acid.  Oxalic  acid 
or  oxalate  of  ammonia  added  to  chloride  of  ciidraium  throws  down  the  tri-bydrateti 
fifkit  n»  a  white  precipitate  cnnsisting  of  microscopic  tabular  crystals,  soluble  in 
13.(100  pts.  of  cold  and  11,(MJ0  pu.  of  bniling  water,  a  little  more  soluble  in  water  and 
caalic  acid,  ettaily  srdtible  in  minora!  acids,  animonia  and  ammonincal  salts.  Gives 
off  all  it«  wnt*'r  at  100*  and  is  decomposed  at  340*^,  leaving  a  mixture  of  cadmium- 
oxide  and  metallic  cadmium.     (Souchay  and  Lenssen.) 

Oxaiatt  of  Cadm-ammmium,  (7(N^H•Cd)*'0^2H'O.— When  oxalate  of  cadmium 
is  added  to  ammonia  till  no  more  is  dissolved  on  heating  the  liquid,  the  Ultrate  Ii^ft 
f  jr  some  time  in  the  cold  depo«it«  needle-»huped  crv»taK  which  rapidly  give  off  part 
of  their  amiuonia  when  exposed  to  the  air,  and  at  100*^  give  on  water  as  well  as 
ammonia,  acquiring  at  the  same  time  a  slight  brownish  tint,  firom  separation  of  cadmium 
—oxide.     (Souchay  and  Lenisen.) 

Ammonw-cadmic  Oxalaks.^a.  C*Cd''(NH*)*0*.BC;*(NH»>*0*.9H*O.— Separate  in 
microscopic  crystals  when  a  solutieju  of  oxalate  of  cadmium  in  oxalate  of  ammonium 
saturated  at  the  boiling  heat,  is  diluted  after  filtration  with  an  equal  volume  of  water. 
Gives  off  all  its  wnter  tit  10(1^,     (Souchay  and  Lenssen.) 

^.  C*Cd''{NH*)'0*.7C'(NH^)'OMlH'O^SepHmte8  in  hard  crystalline  crusts  from 
the  preceding  saturated  solution,  if  left  to  cool  without  addition  of  water.  (Souchay 
and  Lenssen.) 
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7.  RammeLiberg  bydimolying  oxide  of  cadmium  in  oxalate  of  ammoniam,  obtained  a 
salt  to  which  he  awigned  the  formula  C«Cd''(NH*)H>«.3C«(NH*)«0*.8H*0.  This  salt  is 
supposed  by  Souchay  and  Lenssen  to  contain  only  7UK).  The  three  doable-salts  then 
form  a  legulur  series,  their  formulae,  if  A  stand  for  CH)d''(KH«)>0*,  and  B  for 
C^NH«)K)\  being  A.BM1HH).  A.B».9HK),and  A.B».7HK).  (Sonchay  and  Lenssen.) 

PotasMo-cadmic  Oxalate,  OCd''KK)«.2H0,  is  produced  by  saturating  a  boiling 
solution  of  oxalate  of  potassium  with  oxalate  of  cadmium,  and  separates  f^m  the 
filtrate  in  microscopic  square-based  octahedrons,  which  give  off  their  water  at  100®  and 
are  decomposed  by  water. 

aodio-eadmie  Oxalate,  (X:d1^aK)*.2HK).— Similar  to  the  potasnmn-saH.  (Sonehaj 
and  Lenssen.) 

OxALATB  OF  Calcivx,  C*Ga''0^— This  salt  is  yery  widely  difihsed  in  the 
vegetable  kingdom,  being  found  in  the  juice  of  most  plants,  whence  it  Is  deposited  on 
the  Tascular  tissue,  toi^irds  the  end  of  the  growing  season,  in  mierosocmie  ojstals 
having  the  form  of  a  square-based  octahedron  (P :  P  in  the  terminid  edges  of  the 
primary  octahedron  46°  28' ;  in  a  more  obtuse  octahedron  modiiyinff  the  first  «>  119^ 
84').  According  to  Br  aeon  not  (Ann.  Ch.  Phys.  [2]  xxviii  818),  it  often  oonstHntes 
about  half  the  weight  of  lichens  growing  on  calcareous  stones.  The  marble  of  the 
Parthenon  at  Athens  is  encrusted  in  some  parts  with  a  greyish,  warty,  and  somewhat 
opaline  coating  of  calcic  oxalate  about  a  line  thick,  called  7%ier$ekite  by  Liebifl^ 
which  is  supposed  to  hare  been  deposited  by  lichens  growing  on  the  stone.  Caloe 
oxalate  has  also  been  found  by  Schmidt  (Ann.  Ch.  Pharm.  bd.  304)  in  beer-jeast 
It  is  also  of  frequent  occurrence  in  the  animal  body  (p.  250). 

Calcic  oxalate  is  precipitated  as  a  white  powder  whenever  a  soluble  ealcinm-nlt  is 
mixed  with  oxalic  add  or  an  alkaline  oxalate,  provided  there  be  no  strong  mineral 
add  present  in  lar^  excess.  It  is  insoluble  in  water,  acetic  add,  and  soiotion  of  sal- 
ammoniac,  nearly  msoluble  in  free  oxalic  add,  and  sparingly  soluble  in  lactie  add, 
but  it  dissolves  witb  tolerable  fiunlity  in  hydrochloric  or  nitric  add,  whence  it  is  pre- 
cipitated by  caustic  alkalis  or  alkaline  carbonates.  Chloride  of  magnesinm  also  lendeis 
it  slightly  soluble  in  water.     (Turner,  Pogg.  Ann.  xix.  148.) 

Oulate  of  caldum  is  insoluble  in  hot  concentrated  solutions  of  the  chl<MidBa  of 
potassiimi,  sodium,  ammonium,  barium,  strontium  and  caldum,  but  soluble  to  a  con- 
siderable extent  in  hot  solutions  of  salts  of  the  metals  beloneine  to  the  magnesian 
group,  and  is  precipitated  from  these  solutions  by  an  excess  of  ^k^ne  oxalate  (Sou- 
e  h  ay  and  Lenssen).  When  immersed  in  a  solution  of  cupric  salt  (e.  a.  the  sulphate, 
chloride,  or  nitrate)  it  is  gradually  converted  into  cupric  oxalate,  a  solulue  caldnm-aalt 
being  formed  at  the  same  time.  In  presence  of  a  large  quantity  of  chknride  of  sodium, 
caldum,  or  ammonium,  oxalate  of  caldum  dissolves  completely  in  solution  of  cupric 
chloride;  but  if  the  solution  be  agitated  or  left  to  stand  for  some  time,  cupric  oxalate 
separates  out.  When  oxalate  of  caldum  \b  boiled  with  a  soluble  salt  of  silver,  lead, 
^mium,  zinc,  nickel,  cobalt,  strontium,  or  barium,  a  soluble  caldum-salt  is  fbrmed, 
and  an  oxalate  of  the  other  base  is  predpitated.  (A.  Bey  no  so,  Compt.  r6nd.xxix.  627.) 

Oxalate  of  caldum  dissolves  in  considerable  quantity  in  pure  pkagpkane  addf 
espedally  with  the  aid  of  heat  Such  a  solution  when  laigelv  diluted  with  water,  x«- 
mains  dear  if  it  contains  a  lai^  quantity  of  phosphoric  add ;  and  if  caustic-soda  be 
then  cautiously  added  till  the  predpitate  formed  at  first  is  redissolved,  and  the  liquid 
then  left  to  stand  (quietly,  a  large  proportion  of  the  calcic  oxalate  ciystalUses  within 
twenty-four  hours  m  quadratic  pyramids ;  and  the  mother-liquor  if  again  treated  witk 
soda,  yields  another  crop  of  crystals.    (Neubauer,  Ann.  Ch.  Pharm.  xdx.  228.) 

Oxalate  of  caldum  dned  at  38''  contains  2  at  water  (CHlSa^O  *.2H'0),  half  of  which 
is  given  off  at  100^,  the  rest  at  a  higher  temperature  (Thomson.  GrahamX  The 
salt  dried  at  150^  is  highly  electric,  but  loses  this  property  as  it  abaorbs  moistm  from 
the  air.    (Berzelius.) 

According  to  £.  S  c  hm  i  d  ( Ann.Ch.  Pharm.  xcvii.  2251  the  predpitate  of  ealde  oxalate 
obtained  by  mixing  neutral  solutions  of  chloride  of  caldum  and  potassic  oxalate^  and 
left  to  dry  for  a  considerable  time  at  ordinary  temperatures  in  the  air,  or  for  a  shorter 
time  in  vacuo  over  sulphuric  add,  consists  of  CH)a''0^2H^  (water  by  analysis^  12*8 
per  cent ;  by  calculation,  1 2*1)^  The  predpitate  thus  obtained  did  not  exhibit  dktiBctly 
angular  terminations,  even  with  a  magnifying  power  of  300° ;  but  that  which  waa  pn>> 
duced  by  slowly  adding  a  solution  of  potassic  oxahite  to  solution  of  chloride  of  ealcuun, 
exhibited  under  the  microscope,  dendrites  and  laminae  made  up  of  oblique  prismatic 
tables,  and  appeared  to  consist  of  a  mixture  of  the  hydrates  C'Ca''0\2jSH)  and 

According  to  Souchay  and  Lenssen,  oxalate  of  calcium,  dried  in  the  air  at  ordi- 
nary temperatures,  contains  sometimes  1  at,  sometimes  3  at  water;  and  when  dried 
at  100^,  always  1  st,  half  of  which  is  given  off  at  180^^,  and  the  remainder  at  a  tem- 
perature considerably  above  200°;  on  exposing  the  anhydrous  salt  to  the  air,  the  1  at. 
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Witr  is  quickly  rrftbvorix^.  A  salt  with  2  mt.  Vitor  dors  not  npp^ir  to  etisL — Ox- 
nlttlA  of  caldam  pr«cipitiiU'd  al  the  builiag  heat  from  a  mijLturo  of  fiolutioiitf  of  chlcxtida 
of  oJeiaiii  &ad  ox&latQ  of  lutunoiiium,  conUios  C*Ca"OM{^0 ;  no  Iikewi(M»  when  pre- 
dpitiitud  in  the  cold  from  concentnued  0oliitioat»  whether  neutral  or  alkaline  ;  but  the 
•aiit  OTacipiited  in  the  cold  fh)m  dilut*^  noludons,  is  alwajB  a  mixture  of  C^a^O^^E^ 
and  C*Ca  0*.dHK).^On  adding  a  small  quaotitj  of  chloride  of  calcium  to  a  s&tant^ 
sotution  of  oxalic  add,  a  prwipitate  ia  formed  con  Kitting  of  mirroseopic  cryi^talUne  lamioiB 
and  contaiuing  CCvl'OKHH} ;  and  on  adding  a  soiaU  quuntitj  of  oxalie  acid  to  a  larg<> 
f-xot'M  of  chloride  of  cakinn,  a  gummj  precipitate  is  obtiiiDed  of  the  same  composition, 
and  uppfuring  imd«r  tbo  microscope  as  an  indistiiiet  er^stAllinc  mass ;  but  bv  adding  a 
flmaU  quantitj  of  chloride  of  calciam  to  a  verj  dilute  solution  of  oxaIic  acid,  there  is 
fornii><l  after  uwhile^  a  precipitate  oonsistiDg  of  square  prismatic  cr^'sUils  of  the  tri- 
hjdrated  salt,  together  with  oblique  prismatic  (monoclinic)  crjetahi  of  the  monohy- 
drate,  the  former  being  in  larger  proporf  ion  as  the  oxalic  acid  solution  is  more  dilute. 

The  square  prismatic  orjrstalji  of  calcic  oxalate  occurring  in  plants  {MamiUaria  quad* 
runMPWi  CtrtttMtmUU^  M€lifcctctw  macroacsHthuSj  Six.\  are,  according  to  3c h mid, 
CGa*'<>*.3E*0 ;  thej  give  off  two-thirds  of  thdf  water,  slowlj  when  expoeod  to  ih« 
air,  more  quickly  in  rarefied  air* 

A  solution  of  calcic  oxalate  in  hot  hydrochloric  odd,  deposits  czystals  of  the  salt 
CK^k'O^^K)  (E.  Schmid).  Acoordiog  to  Souchay  and  Lenssen,  this  salt  is 
deposited  on  oooling,  whf*n  oxalate  of  calcium  is  added  at  100^,  to  hydrochloric  acid  of 
specific  graTity  Icas  than  1*10,  in  quantitjr  sufficient  to  saturate  it ;  but  if  the  solution 
iM  nut  saturated,  it  dcpoaita  alter  some  time^  sqttarp  prismatic  nystala  consisting  of 
C»Ca'0*.3H'0.— By  adding  (ixalale  of  calcinin  to  warm  hydrochloric  acid,  of  specific 
gravity  110  or  higher,  dauUe  salts  are  obtmDf>d  in  soaJy  crystals,  cooKisting  of  oxalate 
and  chloride  of  calcimm«  With  acid  of  1*20  specific  gruTily,  Son c hay  and  Lfneseo 
obtAined  the  salt  4C"CVO*.Ca''CP.24H"-0.  Fritzsch©  (Pogg.  Ann.  xxviii,  121),  by 
a  similar  process  obtained  an  oxslato-chloridp  contRiDina  C*Ca*0*.Ca"Cl'.7H'O, 
wbicJi  was  not  obtained  either  by  Schmid,  or  by  Souchay  and  Lcnssen. 

With  nitric  acid,  oxalate  of  calcium  beluiTea  in  the  sum**  manner  as  with  bjdrochlorie 
acid,  exeepting  that  it  is  insoluble  in  Btroirg  nitric  acid,  and  therefore  does  not  yield 
any  oxaklo^nitrate  (Souchay  and  Lenssen).  According  to  Sehmtd,  a  soratloii 
of  calcic  Qzahite  in  hot  nirric  acid,  depoeita  monoclinic  lamintt  of  the  moaohjriiiat«^ 
salt^  the  last  roolhcr-liquori,  bowcTer,  yielding  free  oxalic  acid. 

OXAI.A.TKS  HP  Csftitrtc.  a.  Cerom  Oxalate, — Oxalic  acid  and  alkaline  oxalates 
added  to  cerous  salts  throw  down  hydrated  cerous  oxalate  in  the  furm  of  a  white  powder, 
which,  when  heated  in  a  close  vessel,  gives  off  water,  carbonic  oxide,  and  carbonic  an- 
hydride, and  leaves  a  mixture  of  ceroso-ceric  oxide,  with  a  »mn!l  quantity  of  carbide  of 
cerium  (B  era  el  i  us).  The  salt,  when  prepared  with  cerous  oxide  fr^-e  from  hinth- 
annmv  contains  3  at,  water,  which  it  does  not  part  with  completely  even  at  2611**,  When 
more  strongly  heated,  it  leaves  a  black  powder  which  takes  fine  in  the  air,  and  bums 
till  it  is  converted  into  eerie  oxide  (Beringer,  Ann.  Ch.  Phurm.xHL  143).  The  salt  is 
insolnbte  in  water  and  in  aqneoos  oxalie  acid  (Berxelius),  It  dissolves  without 
decomposition  in  hot  nitric  scid,  and  erystalb'B«B  ont  again  on  cooling.  Ey  leaving  a 
sotntion  of  the  salt  in  warm  moderately  strong  nitric  acia  to  cvflp^irat*?  slowly  over  caustic 
polwht  it  is  obtained  in  wfll-detined  rhomlKihedrous,  Ko  add  wilt  i^  form<*d.  If  the 
Add  is  too  strong,  or  heated  to  boiling,  partial  decomposition  takes  phico.  (Holscmann, 
J.  or.  Chem.  Ix^v.  81.) 

rnta^Q-cerout  Oxidate,  C*K*Ce*0*,  is  a  white  powder  insolnble  in  water,  and  leav- 
ing  when  ignited  a  mbEture  of  oetoso-«eric  oxide  and  potassic  carbonate  (Berzelius)v 
The  insolubility  of  this  salt  affords  a  ready  means  of  sepamtiDg  cerium  from  many  other 
metals  (i,  ft32). 

$,  Crric  Oxalttt^  is  insoluble  in  water,  but  soluble  in  aqneons  sal-ammoniac*  The 
solution  when  evaporated  &r«t  deposits  a  yellow  powdor,  and  then  yields  lemon-yellow 
cry  st  als,     (B  e  r  2  e  1  i  n  s. ) 

Ox AL ATBS  OF  CHBoif  itFM.  Kefttral  oxalate  of  ammoniom  forms  with  a solntion 
of  chromic  oxide  in  hydrochUjricacid,  apaLen^n  pulverulent  precipitate. --The  solation 
of  chromic  hydrate  in  oxalic  acid  prepare,  in  the  cold,  has  a  cherry-red  colour ;  the 
solution  prenared  at  the  boiling  heat  is  green,  but  becomes  cherry-coloured  on  cooling. 
It  dri«'ft  up  by  ffpontanooufl  evaporation  to  a  violet -black  vitreons  nuus,  but  the  green 
solution  ovuponitwl  over  the  water-both  yields  a  green  mass.  The  solutions  are  not 
precipitated  either  by  ammonia  or  bj  calctmn -salts,  but  give  a  precipitate  with  lime- 
water,  and  when  hot  with  potash. 
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With  alkiline  and  earthy  oxalatai  these  solutions  yield  t#o  seri^  of  double  onlflftes. 

Blue  salts    CHVTIW*         -        ^^Jjo* 

and       C'«&*0*         -         (^raft]^'* 

Red  salto     C'Cr-'MO*  -        ^Q^|^ 

imd       CK^SbTO"         -         (S«Mr* 

The  formula  of  the  red  salts  (containing  alkali-metals)  may  also  be  written  CCVMH)**, 

CHSrH)**  The  two  series  of  salts  are  analogous  in  composition  to  the  add  and  Imwr- 
acid  ozaUites  of  potassium,  CHECH  (tripled)  and  C*H"KO*,  the  8  at  hydrogen  beiqg: 
replaced  by  1  at.  triatomic  chronmium. 

Amnummm'MaUs.'^The  blue  salt,  C*Ci^rNH«)H)**8HK),  is  obtained  by  satarattng 
acid  oxalate  of  ammonium  with  chromic  fajorate,  and  separates  on  evaporation  in  blue 
scales  isomorphous  with  the  blue  potassie  salt  (H.  Eopp).  It  dissolTes  in  l^  pt. 
water  at  15^,  and  in  a  smaller  quantity  of  boiling  water. 

The  red  salts  C*Cjr(NH*)0».4H«0,  exactly  resembles  the  oonesponding  potassium- 
salt,  and  is  obtained  in  a  similar  manner. 

AryenUH:kr<fmio  Oxalate,  OHV*Ag*0>* .  |HK),  is  deposited  in  dark  blue  8hiniii|||r 
needks  when  a  mixed  solution  of  sSyer-nitrate  and  blue  potassio-chromic  oxalate  ia 
left  to  evaporate.  It  dissolyes  in  9  pts.  of  boiling  water,  and  m  a  rather  larger  quan" 
tity  of  cold  water. 

Baryto-ealcic  Oxalate,  C>*CSr^''0**  4HK),  also  with  6H*0.  Freotpitated  on  mixing 
a  barium-salt  with  a  solution  of  blue  anmionio- or  potassio-chromic  oxalate.  &nall  dark 
violet  needles,  nearly  insoluble  in  cold  water,  soluble  in  about  30  pts.  of  boiling  water, 

Caleio-cknmie  Oxalate,  C»*Cr*Ca''0'«.6HK) ;  also  with  12H«0.  Dark  violet  silky 
needles,  slightly  soluble  in  water. 

Humbo-chromie  Oxalate,  C'K5r'Pb''0".5HK).  Blue  precipitate  formed  on  mixing 
the  solutions  of  acetate  of  lead  and  blue  potassio-chromic  oxalate. 

PotassuM:hromic  Oxalatee.^a.  Blue  salt.  C*Cr'*E0*.3H*0.— Prepared  by  saturating 
a  boiling  solution  of  acid  potassie  oxalate  with  chromic  hydrate,  or  by  dissolring»  with 
aid  of  heat,  1  pt  acid  chromate  of  potassium,  2  pts.  acid  oxalate  of  potassium,  and 
2  pts.  oxalic  acid  in  1  pt  of  water.  In  the  latter  case  the  chromic  add  is  first  redneed  to 
chromic  oxide  by  the  oxalic  add,  whence  there  residts  a  disengagement  of  carixmie  an- 
hydride. The  salt  crystallises  in  large  monodinic  prisms,  blade  by  reflection,  and  of 
a  fine  blue  colour  by  transmitted  light.  The  dominant  &ces  are  ooP,  [  a>P{],  [  ooPoo  L 
ooPoo ,  and  the  prisms  are  terminated  at  the  ends  by  the  &ces  ±  P  equally  developed^ 
(like  fig.  30,  Cbtstalloobapht,  ii.  155),  or  with  +  P  or  -h  Poo  predominant.  Ratio 
of  axes  a  :  b:  c  «  0999  :  1  :  0*395.  Angle  of  axes  -  86°;  +P  :  +P  in  the 
acute  dinodiagonal terminal  edges  »  138®  48^;  -P  :  — P  in  the  obtuse  edgea  »  140^. 
34';  -i^P  :  -P  in  the  orthodiagonal  terminal  edges  «  139®  42^;  +  P  :  —Pin 
the  basal  edges  «-  58^  19';  ooP  :  ooP  »i  about  90^;  [ooPf]  :  [ool^]  in  the 
orthodiagonu  prindpal  section  s  112®  30*. 

The  sSt  dissolves  in  5  pts.  water  at  15® ;  the  solution  is  green  by  reflection,  red  bj 
transmission.  If  boiled  and  then  evaporated,  it  leaves  a  green  amorphous  residue, 
which  however,  if  redissolved  in  water,  again  yidds  blue  oystals  on  evaporation.  Tha 
salt  gives  off  11  per  cent^  water  (3  at)  at  100®. 

$.  Bed  salt,  (X;r"lC0*.4HK).— Obtained  by  saturating  hyperadd  oxalate  anad 
roxalate)  of  potassium  with  chromic  hydrate.  Ciystallises  in  small  rhomboidal  ao  ets 
or  dark-red  grains  (Croft,  PhiL  Mag.  [3]  xxL  197).  The  crystals  are  monod  nic^  ex- 
hibiting the  dominant  combination  oP .  ooP .  [  aoP2] .  ooPoo .  [  odPoo  ] .  •••  Poo  .  —Poo 
Ratio  of  axes  a:b  :c  «  08061  :  1  :  111583.  Angle  b:e  -  70O  88';  odP  :  odP 
(cUnod.)  -  81^  17';  [qoP2]  :  [odP2]  -  46®  27';  oP  :  ooP  -  120«4r;  oP : 
—Poo  «  142®  25'  (Rammelsberg,  Pogg.  Ann.  xciii  24).  The  crystals  diasolve  in 
rather  more  than  10  pts.  of  cold  water ;  the  solution  in  cold  water  is  eherry-coloQred ; 
that  made  with  boiling  water  is  blackish-green.    The  solution  if  boiled  and  then  left 

*  Cr  B   M'i  i  chromic  chloride  a  CrCl*. 


OXALATES. 


257 


lo  IImU  fur  a  few  dajiit,  dftposiU  gttniet-r«d  cr^rstiils^  but  it  oTAporutfJ  immedbtt^lj^  ovrr 
I  he  wnt^r-bftth,  tt  lenses  a  gr«eo  ainorphou*  mjuni. 

So<i**>-ckT0mic  Orafatf*.  Th«  biuetalt,  C^Cr^NnO  *.jH*0,  »  obtninod  in  hexogmiai 
pUtM  or  rbotnboidiil  prunis  by  lattmkting  a  boiling  Boliiticm  of  A<*id  sodic  ouJiite 
with  chmmii!  hydrnto.  The  crjituls  «»  black  by  reflection,  de^p  bine  by  ^hds- 
miiuon,  ■lightly  efHofMoent,  very  loluble  in  water  (Berlin).  They  arv  mouodinir, 
exhibitiiig  tbo  combination  oP  .  +  P  .  —  P  .  oDpao  .  [  obPco]  .  ocP,  Rutio  of  ax*^ 
«:*:<?  -  07218  :  I  :  0-8S03.  Angle  6 :  <?  «=  79'=*  20' j  oP :  +  P  =*  riO**;  oP : 
-  P  =  128«  12*;  oP:  odP  «  96°  20*;  caoP  :  aoP  (clinod,)  =.  78^25'.  ClearagA 
perfect  parallel  to  oP,     (Ram  melBberg.) 

AcoonMog  to  Kmnmekberg.  a  »:)][ition  of  chromic  hydwtfl  in  add  aodifl  oxalate  yield* 
Ant  a  r«d  ^d  aftflrwaida  a  btue  §odi(><chromlc  oxAlat«,  the  two  ulia  having  the  aamd 
composition  (?)»  and  the  rod  snit  abo  forming  monodtnic  ciybtaLi. 

0x4LATBB  OF  OoBALT.  4.  Cohaltou$  «alt9. — NttUroi  cobaiUyu4  o^alaUt 
CCq"0^.2I1'0,  obtained  by  dtg:f>etiiig  the  carbonate  with  pxceSB  of  oxalic  acid,  \a  a  ro^c- 
red  powder,  nearly  ineoluble  in  water  andoxiilic  ucid,  easily  soluble  in  n<]ueoiu  amncionia. 
A  blue  6a«K7  fait,  C*Co''0*,2Co''H*0*,  ia  obtained  by  treating  cubaltoaa  ozalati?  with 
boiling  aqaeona  oxalate. 

A  p»taM§iO'€iohalioitt  oxaiaU  i»  obtained  in  roaa'^oloiired  rhomboidal  cryatals  insohible 
m  water,  by  diasolving  eobaltoua  oxalate  in  a  boiling  solution  of  the  ueoLral  potasnic 
•alL  Cobidtoiu  oxalate  diaaolTes  alao  in  a  hot  solution  of  the  acid  nmmoniam-siilt ; 
but  the  liquid  when  left  to  eTapoiwte  depoaita  rooe-coloured  sparingly  soluble  crystala 
oootainiag  only  a  smaU  quantt^  of  cobut. 

OxaUUg  of  Gobait-nickH-i^mmoniHm,  2[C*(Co'*K'H*)"(Ni''N»H*>''t>'].9H*0.  was  ob- 
tained by  Ban  ten  berg  (Ann,  Ch.  Pharra.  cxiiL  3W)  in  st-pamting  nickt4  and  cobalt 
by  Langier*s  method  (L  1030),  being  deposited  after  some  weekif  frum  the  Ammoniacal 
aolutton  tfoim  which  the  greater  part  of  the  nickol-oxAliit<*  had  pr^Tii^usly  separated. 
It  forms  transparent  cherty-i«d  triclinia  prisms  which  give  tm  all  lh«'ir  wat^r  of 
distal Ltsatton  at  100°,  cramblinp;  to  a  brick-rvd  powder,  and  ammonia  ut  180'^.  It  is 
insotnble  in  water,  easily  soluble  in  ammonia^  the  solutiun  when  le.t  to  evaporate, 
depoaitjns  oxalate  of  nidcel -ammonium  while  a  cobalt-aalt  ri'mains  in  solution. 

0.  C^Sattie  9alis.  A  sc^lution  of  coballous  oxalate  in  strong  aqueous  ammonia 
left  to  evaporate  in  contact  with  the  air  deposits  largo  deep-red  crystals  containing, 
aceofdingtoL,  Gmelin  (Hand/jook,  ix.  162)  aCo*OM2NH».Cb»0».3HK>,  which  may  be 

(C<>)*v 
represented  by  the  formula         (^t  i  O*  .8HK).     The  crystals  ar^  aparingly  soluble  in 

water  and  in  aqneoos  ammonia,  and  when  boiled  with  potash,  give  off  ammonia  and 
deposit  brown  peroxide  of  cobalt. 

Other  amiQoniacal  oobaltie  oxalates  are  described  under  CoBuLLT-BaBss,  AjocowracaL 
(i.  um), 

OxALATXSOP  CopFsit.  Netitral  cupric  Oxahte,  2C*Cu"0 *-H^  (according  to 
Lowe,  Jrihresb.  1860,  p.  243),  is  a  lidit  greenish -blue  precipitate,  insoluble  in  water, 
n<*Arly  or  quite  insoluble  in  oxaIic  acKl,  but  easily  soluble  in  the  neutml  oxaktea  of 
ammoninm.  potassium  and  sodium.  It  does  not  give  off  the  whoh^  of  its  water  even  at 
120^,  but  decompoaee  at  a  soniowhat  higher  temperature. 

AmmMmio^uprie  Oxalate^  C*(XH*)*Cu''C>*/iH*0,  obtainod  by  diHUolring  cnpricoxalalt' 
in  the  neutral  ammonium-ealt>  or  cupric  oxide  in  the  acid  ammonium -S4ii It,  furms  dark 
blue  rhombic  plates  permanent  in  the  air,  sparingly  soluble  in  water,  with  pMrtial 
decomposition. 

Oxalaie  of  Cuprammonium^  C*(N*H*Cu'*)''0*.H*0,  is  obtained,  by  eraporating  an 
ammoniacal  solution  of  cupnc  oxabite,  in  ihort  flattened  hexagonal  prisms,  of  a  dark- 
blue  colour :  it  effloreecee  on  expofure  to  the  air,  giving  off  water  and  ammonia. 

Oxalate  of  Copper  and  Cuprammoniiim^  C*Cu"(N*n*Cu'' )  0*,  is  deposited  as  a  sky- 
blue  crystalline  powder  when  ammonia  is  treated  with  a  larger  quantity  of  cupric 
oxalate  than  it  is  capable  of  di«eolnn{^. 

lAtMo-cuprie  Gbwolo,  C*Li*Cu''0*.2H*0,  is  deposited  in  bluecryatals  by  spontaneous 
eTaporation  of  the  solution  obtained  by  boiling  acid  lithic  oxalate  with  cupric  oxide ; 
wh<^n  rediF'soked  in  water,  it  suffers  partial  decomposition  (Troost,  Aon.  Ch.  Phya 
'3]  li.  103). 

BttasBto-rttpric  OxnlaU  crystallines  in  blue  rhombohedrons,  C^K^Cu'O'^H'O,  spar- 
ingly eoluhle  in  water,  or  in  flattened  needier  containing  C*K*Cu''0*  iH*0.  It  ia 
dfcoinpoeed  by  lioilliig  water,  with  separation  of  cupric  oxalate. 

SnMihmtprie  Oxahtr,  C*Na'Cu"0*.2H*0,  forms  dark  «ky -blue  often  flattened  needlea 

OxATATi  OF  DiT»YHTnif.     CIH"0*.H*0;    aho  with  4FI*0,— PnlTerulent   and 
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white,  with  a  sb'ght  tinge  of  rose-colour,  when  predpitatad  from  BMtnd  ■olotioiit ;  b«l 
when  rediAsolved  by  the  aid  of  heat  in  excesa  of  nitoric  or  hydrodiloric  acid,  it  aenantes 
aa  the  liquid  cools,  in  the  granular  and  crystalline  state,  aometimea  eren  in  small,  rose- 
coloured,  rectangular  prisniM  t^^rminated  by  four-sided  pyramids  with  their  fiicee  resting 
on  the  edges  of  the  prism.  This  salt  is  completely  insoluble  in  water,  and  neariy  in- 
soluble in  oxalic  acid  and  in  rery  dilute  mineral  adds.  The  air-dried  salt  (with  4  «t 
water)  gives  oiT  about  20  per  cent,  water  at  100°,  leaving  the  monohydrated  salt. 
(Marignac,  Ann.  Cb.  Phys.  [3]  xxxriii.  176.) 

Oxalate  of  Glvcinvm remains,  when  its  aqueous  solution  is  evaporated,  as  a 
tPinnparent  gummy  mass,  possessing  the  sweetest  taste  of  all  gliidiiiim-BBlta. 
(Vauquelin.) 

Amnfmio-glndnic  Oxalate^  C\NH*)*G''0',  forms  trimetrie  ctystaLi  exhibiting  the 
combination  ooj^oo  .  ooPoo  .  oP  .  P  .  2P  .  odP  .  Poo  .Poo  .  2Pao  .  iPoo .  Ratio  of 
axes  a:b:c  »  0*8769  :  1  :  1*7413.  Inclination  of  the  faces^  P  :  P  in  the  bracfav- 
diagonul  principal  section  »  121°  50';  in  the  macrodiagonal  »  111^  24';  in  the 
basal  section  -  98'  44';  2P :  2P  in  these  three  sections  »  105^  66';  93<>  KT  and 
1320  4'.  _  ooP:  oofao  =  138°  4/  ;  oP  :  f w  »  143°  27',  oP  :  Poo  «  It^  46' 
(S^narmont,  Jahresb.  1857,  p.  295.) 

Oxalates  of  Iron.  o.  Ferrous  salts. — ^fWrous  oxalate  oeenn  aa  oxaJtite 
or  hunMdiinr^  2CFfe''0'.3H*0,  in  deposit*  of  lignite.  It  is  very  soft,  and  cmmblea 
between  the  fingers,  has  a  density  of  2'13  —  2*489,  yellow  colour,  dull  or  slightly 
resinous  lustre,  and  when  insulated  acquires  negative  electridty  by  friction.  When 
thrown  on  red-hot  couls  it  emits  a  strong  ve^table  odour  and  leaves  a  raridne  which 
is  attracted  by  the  magnet.  It  is  found  in  lignite  at  Kolosoruk  in  Bohemia,  at  Oroes- 
Almerode  in  Hessiit.  and  in  shale  at  Cape  Ipperwnsh  in  Upper  Canada  (Dana,  iL  466). 
It  appf'ars  to  have  been  formed  by  the  decomposition  of  succulent  plants. 

Iron  dissolves  in  oxalic  acid,  with  evolution  of  hydrogen,  aiid  the  liquid  which 
has  a  sweet  astringent  taste,  gradually  deposits  ferrous  oxalate  as  a  light-yellow 
powder.  This  salt  separates  rUo  in  small  shining  yellow  crystals  containing  CFIe''0\ 
211*0,  when  ferrous  sulphate  is  precipitated  by  oxalic  acid  or  neutral  oxalate  of 
potaiisium ;  also  when  a  solution  of  ferric  oxide  in  oxalic  acid  is  exposed  to  sunshine. 
It  is  nearly  insoluble  in  cold,  very  sparingly  soluble  in  boiling  water.  Aceording  to 
Souchay  and  Lenssen,  the  dihydrated  salt  dissolves  in  4,600  pts.  of  cold  and  3,800  pts. 
of  hot  water. 

When  the  dihydrated  salt  is  heated  with  the  strongest  sulphuric  acid  (H'SO*)  car- 
bonic oxide  and  carbonic  anhydride  are  evolved  and  pure  ferrous  sulphate  remains  in 
the  form  of  a  soft  white  powder.  But  if  the  same  salt  be  heated  with  dilute  aulphnric 
acid,  the  liquid  after  cooling  yields  crystals  of  oxalic  add,  and  ferrous  sulphate  remains 
in  solution. — Wh<;n  ferrous  oxalate  is  dissolved  to  saturation  in  strong  hydrochloric  acid 
at  a  boiling  beat,  the  liquid  when  quite  cold,  depodts  large  transparent  crystala  of 
oxalic  acid,  and  afterwards  crvstals  of  ferrous  chloride.    (Souchay  and  Lenssen.) 

If  ferrous  oxalate  be  added  to  boiling  solution  of  caustic  potash,  the  boiling  heat 
beiuff  continued  for  some  time,  a  velvet-black  predpitate  of  ferrona  oxide  is  produced, 
which  however  soon  passes  on  the  filter  to  a  higher  state  of  oxidation.  FezroiiB  oxalate 
boiled  with  a  concentratf>d  solution  of  acid  carbonate  of  potassium,  yields  a  perfretly 
white  precipitate  of  ferrous  carbonate,  which  likewise  oxidises  quickly  during  washing. 
(Biittger,  J.  pr.  Chem.  Ixxvi.  238.) 

Acid  sait?  A  solution  of  iron  in  oxalic  add,  yields  before  complete  saturation, 
greenish-yellow,  very  soluble,  efflorescent  priHms  which  appear  to  be  an  add  fermaa 
oxalate,  or  according  to  Barreswil,  a  ffrraso'fvrrtc  oxalate, 

Putatsio-ferrous  Oxalate,  C*K*Ffe''0".2H'0. — A  solution  of  ferrous  «nm\»^^  Jn 
oxalate  of  potassium,  deposits,  when  mixed  with  alcohol  and  left  to  stand  for  24  hows, 
oily  drops  of  this  double  salt  which  soon  solidify.     (Souchay  and  Lenssen.) 

is.  Ferric  salts.  When  ferric  hydrate  is  treated  with  a  quantity  of  aqueous  oxalic 
acid  not  sufficient  to  dissolve  it,  a  yellow  powder  is  formed  nearly  insoluble  in  water, 
and  apparently  consisting  of  neutral  ferric  oxalate.  The  same  salt  is  precipitated  on 
adding  a  small  quantity  of  neutral  potassic  oxalate  to  a  ferric  salt.  It  dissolves  in 
oxalic  acid,  forming  a  solution  which,  when  exposed  to  sunshine,  gradually  assumes  a 
greenish-yellow  colour,  givep  off  carbonic  anhydride,  and  deposits  crystals  of  fenons 
oxalate  till  it  becomes  quite  colourless. 

Ferric  hydnite  dissolves  in  the  add  oxalates  of  the  alkali-metals,  forming  double  salts. 
Ammonith/erric  Oxalate,  C\SK*yFe'*'0" — A  hot  solution  of  ferric  hydrate  in  acid 
oxal-.ite  of  ammonium  deposits  this  salt  on  cooling  in  small,  anhvdroua,  rhombic  octa 
liedrons,  having  a  greenish-white  colour  and  turning  yellow  when  exposed  to  light 
The  salt  dissolves  in  1*1  pt.  water  at  20^  and  in  0*79  pt.  boiling  water.  The  aqueous 
H  )lution  exported  to  sunshine  gives  off  carbonic  anhydride,  and  deposits  feirous  oxalate 
ill  the  form  of  a  yellow  powder. 
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I  recipitatiHioQ  mixing  n  co&fieutratiHl 
niDonio-feiTic  suit  iritli '  ^vriuiu.     Tlie  precipitate  ci;y«Ulluit<« 

ftom  boiling  wftttr  in  gi«ejiiaih-y(*liow  ^ 

Calcio-firrie  OxidaU  \m  ui  niimMAlli  \  itnte. 

Pk*icMtio^ftrric  Ojttdaif^  C*K'Fe"0*' iJ  ^  ,  uUiiies  in  ^tttned  foiims  or  scaled 
of  an  eRiemId>grt«ii  colour,  which  efflonsft)  in  dry  atr,  mnd  decompose  quickly  whiui 
i^xpoted  to  lights  depoaitiog  ferroui  oxalttt«!.  It  la  iiiamorphoiu  with  the  blue  potaanio- 
cbromic  oxalate^     (H.  Kopp,) 

Sodm-frrric  Oxaiatt,  C*Na'Fe''**0»*.3H'0,  alao  forma  green  crystaU  modcrat^lj-  aolublo 
to  w^ier.  The  ayatala  are  mouocimici  the  domiimnt  faces  being  oP,  ^P,  'P, 
t»R  Ratio  of  axes  a  :  b  :  e  -  07304  :  I  :  0  877.  Anglo  A  ;  ^r  =  79*^  44*,  »P  : 
c»P  (clinod)  -  73°  KT;  +P  :  +P  (cliuod.)  -  91°  12';  -P  :  -P  in  the 
pame  -  10 1*  22*;  +  P :  -'  P  (baaal)  -  111*^  43" :  oP :  +  P  *  1190  68*;  oP : 
—  P  «  128^19'.    Cleatrage  easy  pamlleHo  oP.     (Rammclsberg.) 

SirmHu^ferrk  Oxaiatc  \a  an  uocrjatalliBablo  precipitate. 

OxALATS  OF  Lakthamuk.  0'La'*OV — White  precipitate  insoltible  in  water* 
nearly  inaoluble  in  oxdlic  acid,  easily  soluble  in  uitnc  at^id,  liepamting  from  tliia  aoluti«jn 
like  the  cerous  lijdt  (p,  26^)  in  well-defimd  rhombohedrons,     (Holzmann.) 

0x4tATKK  or  LaJio.— The  neutral  salt  C*Pb"0*,  is  a  white  precipitate  inaolublo 
in  wat^r  and  in  aceitc  aeid^  but  w^ubte  m  nitric  acid.  It  diaaokea  aitio  at  the  boiling 
heat  in  aqueoua  cliloride,  nitrate,  luid  anccinutL*  of  ammonium,  but  is  inaoluble  in  caustic 
nrnmonia^  and  in  the  carbonate.  The  dry  suit  heated  in  a  n-tort  phiced  in  »n  oil-bath, 
decompoaea  at  about  300^,  giving  oflTa  mixture  of  .3  toI.  CO'  to  1  roL  CO,  and  U living 
a  residue  of  auboxide  of  Ie«id.  (Pelouzi?,  Ana.  Ch.  Phy».  [3]  it.  104) : 
2C«Pb"0*       -       3C0*     +     CO      -^     Pb«0. 

A  fiasic  oxalate  of  lend,  C'Pb*0*.2Pb"U,  is  obtained  m  a  white  powder  by  predpitating 
a  RiIutioQ  of  baaic  acetate  of  leiul  with  neutral  oxid&te  of  umnioniuni,  or  by  boiling; 
neutral  oxalate  of  lead  with  the  banie  acetate  (which  ia  therelij  coorrrted  ijilo  neulr«l 
Hcet^te).  It  ia  precipitated  in  &muil  ahiuing  himiuiif  ou  mixing  a  boiling  i^ululion  of 
oxamide  with  mtrate  or  acetate  of  lead  contjii»ing  a  liulo  ammonia.  It  abKirbs  car- 
Ionic  acid  irom  the  air,  and  is  idtimately  conxerted  into  a  mixture  of  carbonate  and 
neutral  oxalate  of  lead. 

PiitatHo-pimnbic  Oxalate.— Add  oxulate  of  potaaaiuni  digested  with  hydnite  of  li^nd 
disHolfea  a  small  portion  of  it,  and  the  ^olutloa  jielda  amull  needles  which  are  per- 
nmnent  in  the  air,  but  are  decomposed  by  alkalis.     (Wenicl*) 

Pb*     ) 

Oxu/ato^nttratiiof  Lead.^a,rhe  mrmalmli,  C^Pb"0^]S«Pb'^0*.2H*0*(  C*0»)"    O* 

(NO*)*  j 
.2H'0,  18  produced  by  pouring  a  solution  of  neutral  lead-acetate  into  a  mixture  ol 
dilute  oxalic  and  a  large  quantity  of  nitric  acid,  or  dilute  oxalic  acid  into  a  miztufe  of 
dilute  kad-acetate  and  nitric  acid ;  also  when  oxalate  of  lead  is  diiaolred  in  dilute 
nitric  acid,  or  Itoiled  with  a  strong  aolution  of  lead^raitrate.  It  forms  rhombie  or  hex- 
agonal piate«  haringa  nxcreoui  luatfe;  is  alowly  decompoflfd  by  cold,  quickly  by  boil- 
\i\^  water.     (Johnaton,  Phil.  Mag.  [3]  ziii.  25. — ^Dnjardin,  J.  pr.  Chem.  xv.  308.) 

Pb«    1 

^.  A  basic  salt,  C2Pb''0*.3N'Pb'*0*.2Pb"0.3lI-t»       =     ( C^O*)"  [  O'^SH**!.  is  formed 

(NOVJ 
when  oxamide  is  lx>iled  with  a  atrong  elation  of  lead -nit  rate  mixed  with  ammonia, 
and  separatee  in  white  shining  crystalline  grains^  which  niui>t  be  wa«hi^  with  cold 
water  and  dried  in  a  vacuum.  If  the  boiling  be  too  long  continued,  while  the  liquid 
still  contains  neutral  nitrate  of  lead  (which  thereby  bcctJniM  bofric),  the  sah  $  is  con- 
Terted  into  a.  The  salt  0  is  also  formed  when  basic  oxalate  of  lead  is  lioiled  with  ii 
solution  of  lead-nitrate  in  a  double  quantity  of  water,  the  ebnllition  being  stopped 
before  $  Ib  conTerted  into  au     (Polouae,  Ann.  Ch.  Phys*  [2]  Ixiix,  104.) 

O  X A L  4 TB  »  OF  L 1 T H I  u H.— The  nevtral  stiff,  C*Li*0\  obtained  bj  saturating  a  hot 
solution  of  oxalic  acid  with  carbonate  of  lithium,  sepai^es  on  cooling  in  indisUnet 
nodulous  aithirdrona  crjstala ;  it  also  separates  in  the  anhydrous  state  from  ita  aqueous 
solution  on  addition  of  alcohol,     1  pt  of  it  dia^olves  in  in  13  1  pta,  water  at  19'5**, 

The  rtcfST  ialt,  CHLi0*,H'0,  forma  large  tabular  crystals  wliich  disaoke  in  12*8 
pta,  water  at  1 7^  give  off  their  water  of  crystaUisat  ion  at  100^,  and  oxalic  acid  at  lOO^. 
i^Souchay  and  Lenssen.) 

Oxalates  of  MAOKKSirii,  C'Mg"0*,  Th ia  isuU  is  be* t  prepiircd  by  nonli-jil- 
ij-ing  oxalic  acid  with  carbonate  of  magnesium  and  washin^j  witJi  cold  wuter;  when 
prcc-ipitated  from  a  magn^aiuin-wdt  by  oxalate  ufpotassitim,  italwayft  retains  a  jJt>ition 
wf  I  hat  Rait .     Prepared  \^\  the  first  melhod,  it  is  a  white  Namlv  pt>wil«;r  eouttiatiht;  of 
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C^^0*.2EH),  soluble  in  1500  ptn.  of  water  at  16^  and  1300  pts.  of  boiling  water.  It 
gives  o£f  1*5  per  cent  water  at  100°,  and  doee  not  lose  the  whole  of  it  erenat  140^ ;  but  at 
160°  it  becomes  anhydrous,  at  the  same  time,  however,  suffering  partial  deoompodtion. 

No  acid  oxalate  of  magnesium  or  double  oxalate  of  magneeiom  and  sodium  appears 
to  exist. 

Amnumio-mannenan  Oxalates. — A  concentrated  solution  of  chloride  of  magnesium 
forms,  Mrith  oxsuate  of  ammonium,  a  precipitate  of  oxalate  of  magnesium,  which  always 
contains  small  quantities  of  the  double  oxuate  of  magnesium  and  ammonium.  But  a 
dilute  solution  of  chloride  of  magnesium  mixed  with  oxalate  of  ammonium,  especially 
if  a  little  caustic  ammonia  is  added,  yields,  after  standing  for  some  time,  crystalline 
crusts,  consisting  of  oxalate  of  magnesium  and  ammonium  and  oxalate  of  ammonium 
iu  equivalent  proportions,  vailing  according  as  the  magnesia  or  the  oxalate  of  am- 
monium predominated  in  the  liquid ;  they  dissolve  in  water  with  separation  of  oxalate 
of  magnesium. 

o.  C*Mg''(NH*)K)«.6C*(NH«)«0*.9H«0.— Obtained  by  adding  oxalate  of  ammo- 
nium to  a  magnesia  solution,  rendered  strongly  alkaline  by  ammonia^  and  then  mixed 
with  a  quantity  of  sal-ammoniac  sufficient  to  redissolve  the  precipitate, — ^in  sneh  pro- 
portion, that  the  magnesia  may  be  to  the  oxalic  acid  (CHK)*.2HK)X  as  1 :  12*6. 
(Souchay  and  Lenssen.) 

$.  6C*Mg^(NH*)''0«.8C»(NH*)«0*.24HK).— Bv  mixing  a  magnesia  solution  with 
oxalate  of  ammonium,  in  such  proportion  that  the  magnesia  may  be  to  the  oxalic  add, 
as  ro  :  6-3.     (Souchay  and  Lenssen.) 

r  C*Mg  (NH*)»0».4C«(NH«)*0«.8H«0  (Souchay  and  Lenssen);  with  2H«0 
(Kayser,  Pogg.  Ann.  Ix.  143). — Prepared  by  gradually  adding  reoentlj  pre- 
cipitated oxalate  of  magnesium  to  a  boiling  concentrated  solution  of  oxalate  of  am- 
monium, till  the  former  no  longer  dissolves,  even  after  long  boiling.  On  Altering  hot, 
and  leaving  the  liquid  to  cool  quietly,  the  salt  7,  separates  in  hara,  warf^,  CEystalline 
crusts,  having  the  appearance  of  enamel,  slightly  translucent,  and  efflorescing  in  the 
air.  It  dissolves  pretty  readily  in  water,  with  partial  separation  of  oxalate  of  mag- 
nesium ;  in  ammoniacal  salts  it  forms  a  clear  solution. — At  100^  it  gives  off  1 3*3  per  cent, 
(rather  more  than  6  at)  water;  at  120^  7  at.  in  all;  at  140^  it  begins  to  decompose 
and  assume  a  brownish  tint    (Souchay  and  Lenssen.) 

«.  C*Mg''(NH*)0».6C«(NH*)«0*.8HK).— When  the  mother-liquor  from  which  tbe 
preceding  salt  has  crystallised  is  mixed  with  a  little  water  and  ammonia,  and  set  aside 
tor  some  weeks  in  the  cold,  it  deposits  milk-white  crusts,  which  dissolve  in  water  with 
partiid  decomposition,  the  solution  becoming  turbid.  It  gives  off  12*15  per  cent  (about 
8  at.)  water  at  100^.     (Souchay  and  Lenssen.) 

f.  C«M^(NH*V0«.2C*M^;0«.2H«0  or  CTlii«(KH«)«0»«.2HK),  is  produced,  aecoiding 
to  Brandes  (Schw.  J.  xxvii.  18^  when  aqueous  chloride  of  magnesium  is  mixed  with 
neutral  oxalate  of  ammonium,  especially  in  presence  of  excess  of  ammonia,  and  is  grad- 
ual^ deposited  in  crystalline  crusts.  Souchay  and  Lenssen  did  not  succeed  in  pre- 
panng  this  salt 

Potsssio-magnesic  Oxalate,  C^E'Me''0*.6HH). — Depoeited  in  white  needles  when  a 
strong  solution  of  neutral  potassic  ox^te  is  boiled  with  recently  precipitated  oxalate 
of  magnesium,  and  the  filtered  liquid  is  left-  to  cool  It  effloresces  quicxly  in  the  air, 
is  insoluble  in  cold  water^  and  is  decomposed  by  hot  water  with  separation  of  oxalate 
of  magnesium.     (Kayser,  ioc,  cit.) 

Oxalate  of  Manoamesb. — This  salt-,  whether  prepared  by  precipitating  the 
sulphate  or-chloride  of  manganese  with  oxalic  add,  or  by  treating  the  carbonate  of  man- 
ganese or  manganoso-manganic  oxide  with  oxalic  aeid,  contains,  in  the  air  dried  state, 
{at  water.  Souchay  and  Lenssen  (Ann.  Ch.  Pharm.  cii  47)  found  in  it^  87*65 
per  cent.  MnO,  the  formula  2C*Mn''0^6H*O  requiring  37*83  per  cent  1  pt  of  this 
hydrated  salt  dissolves  in  2460  pts.  of  cold,  and  in  1260  pts.  of  boiling  water ;  but  the 
solubility  is  very  greatly  increased  by  the  presence  of  a  trace  of  potassic  or  ammonic 
oxalate.  At  100^,  according  to  Soucbav  and  Lenssen,  it  gives  off  all  its  water  (as 
previously  found  by  Liebig,  Ann.  Ch.  Pharm.  xcv.116). 

These  results  are  at  variance  with  those  obtained  by  other  chemists.  According  to 
O  rah  am,  the  salt  contains  |  at.  water,  the  whole  of  which  it  retains  at  100^ ;  accord- 
ing to  Hausmann  and  Lowenthal  it  contains,  after  diyine  at  100^,  2  at  water. 

According  to  H.  Croft  (Chem.  Chis.  1867.  p.  62)  the  quantity  of  water  etatained  in 
manganous  oxalate  varies  with  the  temperature  at  which  it  is  precipitated.  Hot  eon- 
centrated  solutions  of  manganous  sulphate  and  oxalic  acid  yiela  a  ^niite  granular  pre- 
cipitate consisting  of  C*Mn''0^2H'0,  which  does  not  give  off  any  water  at  100^. 
(This  agrees  with  the  statement  of  Hausmann  and  LdwenthaL}  In  a  solution  of 
nmnganoun  sulphate  In  30  pts.  of  water,  oxalic  acid  produces  a  precipitate  which  has  a 
fiiint  violet  colour,  but  in  a  few  days  becomes  white  and  granular,  and  exhibits  the 
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nmt  eompodticML  Whea  m&ngftnous  sulphatf^  diaaotviHl  in  30  to  1  DO  pt4.  of  w«rer  m 
|ir«ciuttstod  hj  oudAtB  potaMitim,  a  piUe  violtft  crystAlliTie  precipitate^  is  obtained,  r^^ 
Mi^mblifig  banstie  add  arid  containing  C'Mn  '013UK).  It  is  unalterable  in  the  air  at 
ArduuLrjr  t«nitN*nittiz«i,  but  at  100°  givas  oCl  aL  water  and  tmros  white.  When  heatfd 
fur  som«  tiroo  in  the  air^  it  jidda  red  CEjataltiiie  manganic  oxide  (Croft). — Thaic  atatiw 
tiK'nt^  are  oonftmiied  bv  Gorge u  (Compt.  ntnd.  adTii  9S0),.  Oxaite  add  mixed  with 
excoH  of  manganotia  auipbat^  in  the  cold,  jields  roae-^Xtloiirad  Driamatie  ne«dles  of  tha 
talt  C*M□*0^3H"0 ;  but  when  n.  very  hot  solutioo  of  ozalie  aeid  ta  mixed  with  a  hot 
etilulioti  of  a  man^nouB  salt  till  a predpitate  beffinj  to  form,  and  the  liquid  is  then 
Ifft  to  eool,  white  flattened  octabecfront  are  obtained,  conjiating  of  C*Mn''0*,2U*0.^ 
Thf»  red  aalt,  when  dried  in  the  air,  gi res  off  1  at  wat^r  and  torna  white ;  bat  in  vaeno 
and  ti^va  at  96^«  it  retains  its  red  colour,  although  it  loses  the  greater  part  of  it«  water. 

Ammonu^-manganoua  O^alaU. — Oxalate  of  manganese  forms,  with  oxalate  of  am- 
niootum,  a  series  of  double  aalta  rarTing  in  composition  according  to  the  degree  of  dilo* 
lioQ  and  the  proportions  in  which  the  constitUi>Dt  salts  are  mix«(£ 

a.  C*Mq''<KU*)'0'.2H*0  ia  obtained  bj  adding  oxalate  of  manganese  to  a  boiling 
raturnt4>i  Holution  of  oxakte  of  ammonium,  and  filtering  the  rose>coloured  eolation  while 
still  hot  Ths  crystalline  crusts  composed  of  microscopic  square  prisms,  which  flnt 
Bi'parate  frr>m  the  liquid,  consist  of  the  salt  a.  The  mother^liquor  yields  crystals  of 
di^eiviit  com|>osition.     (Sonchay  ^nd  Lenssen.) 

a  C*Ma''(NH*)»0».C"(NHY0*.4n'0.— The  mother-Uqnor  of  the  salt  a,  flltend 
find  1t*ft  to  itself  for  twenty- four  hours,  di'poai ted  cryst&UiDe  crusts  conidsting  of  micnv 
Honpie  prisms  which  gav^  by  analysis  15  24  per  cent^  MnO  and  46  20  C^0\  the  formu^A 
of  snlt  /3  requiring  15.37  MnO  and  4663  CK)*. 

7,  C'Mn"(NH<)*0*.4C«(NH*)'0*.8H«0."Theraother.li(^norofi3  mixed  with  wat«r, 
yi^lJed,  after  afdnding  for  a  day,  crystalline  crusts  containing  7 '4  4  per  cent  MnO  and 
47'48  per  cent  C*0* ;  the  formi^  7  requires  784  per  cent  MnO  and  4757  C*0\ 

4.  The  m other- liquor  of  7  depodta,  &ft«r  standing  for  some  time,  crystallinB  crusta 
c«in!:iinine  6  19  percent.  MnOand  49'82  C*0',  agreeing witli  the  formula C*Hn''(NH*)W. 
a(  N  H*)*0\8H»0,  which  requires  6*17  MnO  and  49^86  C»0^ 

All  these  salts  are  decomposed  by  wtitar  and  effloresce  rapidly  in  the  air.  The 
coloitr  is  reddish  or  white  according  to  the  proportioDB  of  manganeM  contained  in  them. 
Those  which  contain  a  large  proportion  of  manganese  separate  m  small  priami,  while 
those  with  a  smaller  quantity  of  miinganese  are  deposited  in  crystalline  crusts  or 
nodules,  and  always  after  the  solution  has  been  left  at  rest  for  some  time.  (Soucha  7 
and  Lenssen.) 

f.  Ox€dai€  <*f  MangantBt  and  Mauganamnvmium,  C*Mn''(N'H'Mn'">''0**6H*0,— 
When  a  boiling  solution  of  oxalate  of  ammonium  is  saturated  with  oxiilate  of  manganeaPp 
the  liquid  filt«rMlf  and  ammonia  added  till  the  filtrate  smells  slightly  of  it,  a  white  or 
stiglitly  green  crystalline  powder  is  precipitated,  consisting  of  transparent  micniacopic 
erystals,  which  have  the  form  of  square  prisms,  but  are  so  much  truncated  that  they 
are  ecareely  distinguishable  from  cubeei.     (Souchay  and  Lenssen.) 

Winkelbleeh  aj^igned  to  a  salt  prepared  in  a  similar  manner,  the  formula  4NH*, 
C*Mn''{NH«)*0».2C^Mn'0*.8H*0,  the  accuracy  of  which  is  culled  in  question  by 
Vixi\Aiii{Handb<}<yk,  ix.  147)^  The  salt  decomposes  quickly  in  contact  witii  water, 
turning  brown  and  absorbing  oxygen.  At  100°  it  gires  off  6  at.  water,  assuming  at 
the  same  time  a  faint  brown  ooloor.     (Souchay  and  Lenssen.) 

PoiaMio*mangamu4  Oxalate.  C*Mo"K*0*.2H*0-— Obtained  in  reddish  crusts  by 
adding  mang;fuions  oxalate  to  a  boiling  concentrated  aolntion  of  oxalate  of  potassium, 
aad  leaTing  the  filtrate  to  cool  QiTca  off  all  its  water  at  100*^.  (Son c hay  and 
Lenisen.) 

Potassio^^nanganic  OsaUtU  \§  best  obtained  by  saturating  3  pts.  of  oxalic  add  with 
carbonate  of  potassium,  adding  4  pta.  of  oxalic  acid,  and  then  peroxide  of  mangaiiese  till 
the  liquid  exhibits  but  a  faint  add  reaction.  The  purplo  liquid  thus  formed  ia  rery 
eaaily  discomposed  by  lig^t  and  heat  Mixed  with  aTcohol  in  the  dark  and  in  a  ressol 
exterrmlly  couUhI,  it  deposits  poiaasio-m&nganio  oxalate  (probably  C'Mn'"K'0>l3H^0)^ 
in  purple-red  crystals  which  however  cazuiot  be  dried  without  decomposition.  (Sou- 
chay and  Lenssen.) 

Sodio-mmiganoiis  OxiUiff,  Oxidate  of  manganese  dissolves  pretty  freely  in  warm 
oxalate  of  scnlium,  and  the  solution  depot^itfi  crystalline  crui^ft^  containing  ran^ble  quan- 
tities of  manganese,  and  probably  consisting  of  sodic-oxalate  having  oxalate  of  man* 
ganese  mechanically  inclosed  within  it     (Sonchay  and  Lenssen.) 

Oxalates  of  Mbecuey. — «l  Mercuroui  Oxalate^  CrHg'0\  is  obtained  in 
the  anhydrous  state  by  heating  mercuric  oxalate  to  164^.  It  is  also  produced  by  heating 
mcn-nrous  nitrate  with  excess  of  oxaHc  acid*  as  a  white  precipitate,  which  ia  insoluble 
even  in  hot  w»f<*r,  and  obslindt**ly  r«*taiiis  hygroscopic  water,  frum  which  indeetl.  it 
cannot  be  freed  without  decomposing  into  mercuric  oxalate  and  metallic  mercury  ;  this 
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decomposition  tskine  place  at  100^.  The  same  products  are  obtained  when  merenroiis 
oxide  IS  heated  with  oxalic  add.  —The  anhydrous  salt  obtained  bj  the  first  method, 
b^ins  to  decompose  only  at  175^  (Sonchayand  Lenssen).  Aooocdin^  to  Harff 
(N.  Br.  Arch.  y.  264)  meicnroos  oxialate  obtained  by  precipitation  and  dned  at  100^ 
contains  C*HgK)*.H«0. 

Heicarons  oxalate  is  insdaUe  in  oxalic  acid,  easily  soluble  in  hot  nitric  acid ;  in 
cyanide  and  sulphocyanate  ol  potassium,  it  dissolves  very  easily,  with  sepanition  of 
metallic  merouiy;  it  is  also  somewhat  soluble  iu  ammonia-salts.  Heated  with  osalafe 
of  potassium,  sodium,  or  ammonium,  it  forms  doable  mercuric  oxalates,  with  sepaimtioo 
of  mercury.  It  detonates  when  heated. — With  ammonia  it  forms  a  greyiah-bladc 
powder,  supposed  by  Harff  to  be  8Hg*0.2NH'.CH)' ;  it  does  not  howerer  appear  to  be 
of  constant  composition.    (Souchay  and  Lenssen.) 

Me  re  uric  Oxalate,  CHgf 0\ — Obtained  puK)  as  a  white  amorphons  powder,  by 
adding  a  solution  of  mercnrio  nitrate  to  excess  of  oxalic  acid,  or  by  prolonged  digestion  oif 
vellow  mercuric  oxide  with  oxalic  acid  (Souchay  and  Lenssen).  It  is  dsoomposed 
a^  heat^  giving  off  carbonic  anhydride  and  metalUc  mercnrr.  When  dnr,  it  detonates 
violently  on  being  rubbed.  It  is  easily  soluble  in  hvdiochlorie  acid,  leas  soluble  in 
cold  nitric  acid,  insoluble  in  oxalic  acid.  Decomposed  by  carbonate  and  phosphate  of 
sodiom.  Heated  with  solution  of  sal-ammoniac,  it  gives  off  carbonic  anhydride,  and 
yields  oxalate  of  ammonium  and  mercurous  chloride.    (Souchay  and  Lenssen.) 

Ammanio-fnereuric  Oxalaie,  C«Hgf(NH«)H)".2HH).— Precipitated  on  adding  recently 
precipitated  mercuric  oxalate  to  a  boiling  concentrated  solution  of  neutral  oxalate  of  am- 
monium, in  white  microscopic  needles,  easily  decomposed  by  light  and  heaL  Losea 
12*5  per  cent,  of  its  weight  at  100^  and  decomposes  with  a  hissine  noise  at  a  higher 
temperature,  leaving  no  residue.  It  is  decomposed  by  water,  and  does  not  dissolve  in 
alcohol  or  ether.    (Souchay  and  Lenssen.) 

Oxalate  of  Tetra-mercuramnumium  has  been  already  described  (iii.  918). 

Patastio-memmo  Oxalate,  C^Hg''K'0".2H'0.— Pi^wred  like  the  preceding.  Small 
white,  beautiftilly  iridescent  crystafiine  scales,  which  under  the  microscope  appear  like 
square  prisms.  It  is  decomposed  by  water  gives  off  water;  and  turns  black  at  100®; 
and  is  partially  decomposed  by  light.    (Souchay  and  Lenssen.) 

Mercuric  oxalate  does  not  oissolve  in  oxalate  of  sodium. 

OxALATB  OF  MoLTBDBNUx  (Berzelius,  Pogg.  Ann.  ri  348).  MoMdous 
Oxalate. — Dark  grey  precipitate,  whidi  turns  bLick  when  dried,  and  is  sparin^y  sol* 
uble  in  excess  of  oxalic  aoid. 

Potauio-molyhdoua  Oxalate  is  puiple  and  soluble  in  water. 

Molffbdic  Oxalate  crystallises  in  blackish-blue  crystals  when  the  aqueous  eolation  is 
left  to  evaporate  roontaneously.  From  its  solution  in  water,  whidi  is  red,  ammonia 
throws  down  a  pale  brick-red,  bath  salt  insoluble  in  excess  of  ammonia. 

Potasaio-molybdie  Oxalate  formed  by  digesting  molybdie  hydrate  in  salt  of  sorrd  is 
soluble  in  water.     (Berselius.) 

Molybdoeo-molybdic  Oxalate.  Blue  oxide  of  molybdenum  dissolves  in  oxalie  add, 
ibrminff  a  blue  solution  which  leaves  a  blue  mass  when  evaporated,  becomoa  given 
when  diluted  with  a  small  quantity  of  water,  but  brown  on  being  mixed  with  a  lazge 
quantity.     (Hever,  CrelL  Ann.  1784,  ii.  14.) 

Oxaiatihniolyodia  acid  is  formed  by  digesting  molybdie  trioxide  with  aqneovs  osalie 
acid.  The  solution,  which  is  colourless  even  when  the  molybdie  acid  is  in  exeeaa^  yields 
on  evaporation  a  colourless  jelly  which  becomes  crystalline  without  further  deancation, 
dissolves  in  water,  and  with  yellow  colour  in  alcohol  (B  erzeliu  s.)  The  aqueous  sola* 
tioB  of  salt  of  sorrel  readily  dissolves  molybdie  acid,  lonning  a  non-oystallisaUo 
itxalato-molybdate  of  potassium.     (Berzelius.) 

Oxalate  of  Nickbl,  CrVi''012HK).  Oreenish-white  predpitato  insolnble  in 
water,  soluble  in  ammonia  and  in  ammoniacal  salta  It  dissolves  also  in  potash,  ibnn- 
ing  a  cry^tallisable  potassw-niekel-oxalate. 

Neutral  oxalate  of  ammonium  dissolves  oxalate  of  nickel,  and  the  solution  yields  by 
evaporation  green  prisms  of  ammonio-nicJeel-exalate.  On  adding  to  the  aqueous  solution 
of  this  salt  a  small  quantity  of  ammonia,  a  pale  green  predpitate  is  formed,  conaisling, 
according  to  Wiuckelblech  (Ann.  Ch.  Phurm.  xiii.  278),  of  oxalate  of  nickel  emd 
nickel-atnnumiwn,  C*Nr(N»H«Ni'')''0«.6HK). 

Oxalate  of  ^'ickel-oobalt-ammonium,  (see  p.  25S), 

OxALATB  or  Pal  LAD  I TM.— Alkaline  oxalates  added  to  a  solution  of  palladions 
nitrate,  form  a  light  yellow  precipitate. 

Ammonio-pa/ladious  Oxalate,  C*Pd''(NH*)*0".2H«0,  obtained  by  dissolving  hydrate  or 
carbonate  of  palladium  in  acid  oxalate  of  ammonium,  crystallises  in  bronie-yAllow  rfaom- 
bnidal  prisms  containing  2  at.  water,  or  sometimes  in  needles  containing  8  mi.  wafer. 

Oxalates  of  Platinim.     o.  Platinous  «a//.— Platinate  of  sodium  dissolves 
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in  Winn  ftqueoui  oxftlie  ACid,  curboaic  anhydncU  bdng  eToWed,  and  the  pkttnie  ««ido 
redneed  to  plotiiuNit  oxide.  The  scklvtloa,  whieh  Ima  flrit  «  red,  then  a  viokt^  ittid 
uUiiiuit^fy  a  dero  indigo  oolottr,  ddpoaittt  dark  eopp«r-ooloitnd  needlea,  irhlcb  were 
euppo«ed  hj  Dob^reiner  (who  did  bol  analyse  tbem)  to  be  platioous  oxubit^ ;  bu^ 
McoordiogtQ  Souchaj  and  Lfpoasen,  they  oontma  44'4  ppropnt,  piattiious  o^de,  and  I'itM) 
eudu,  iiereeing  nearly  with  tlie  ftrmiUa  of  §odio-plattnou*  ovatatf^  C*Na^Pt''0*.2H''0. 
Tliis  aut»  when  mouU  is  decompcw^  by  ezpoaoie  to  Ihe  air;  it  dissolvoi  in  hot  wat^r, 
forming  a  menish  ioiutiun,  which  beicomei  blQ«  on  erapomtion,  tind  ij  df^colorised  bj 
faydrochtonc  acid.  It  i»  iuxthible  in  alcohol  and  in  ether  (S one  hay  and  Leusaeii), 
It  Mplodei  when  heated,     (Dobereiner.) 

0,  J^atinic  *rt/f.^Aceoiding  to  Bervmann,  the  predpitale  formed  by  ioda  in  aoluticia 
of  platinic  chlond<^  disBoWes  in  oxalic  add,  fbrming  a  yallow  boIhUoo  which  yieldi 
eryitala  of  the  aame  oolonr;  but  they  have  not  heftn  analyaed. 

The  ozalatea  of  the  platrnammoniiunt  wilt  be  described  under  PLATcroM-B^sjta. 

OiAL^TRs  OF  Potassium,  o,  N^tral  tali,  C»K*0*.Tr*0.— Obtained  by  saturat' 
ing  either  of  the  acid  e&lta  with  carbonate  of  potJWBium.  It  forms  transparent  cryiitals 
Tery  soluble  in  water,  insoluble  in  alcohol,  and  giving  off  their  water  (97  per  cent|  at 
160^,  The  cr^itals  are  monocHnic,  and  often  hare  their  faces  twietcd,  so  that  they 
exhttiit  concavities  and  cooTexidea.  Dominant  faces*  +  P  .  —  P  .  »Pao  .  +  Pae  . 
-  Poe  .  oP.  Batio  of  axes,  a:b:c  ^  0-6748  :  1  :  M572.  Angle  of  axes,  b:c  ^ 
60-6O;  +  Poo  ;  »Pae  s=  130*'  36*;  -  Pod  :  odPqo  «  148<>  2<r;  +  Pao  :  oP  ^ 
11S«  40';  -  Pod  :  oP  »  U^  l(f;  -  P  :  oP  =^  126°  W;  +  P :  oP  -=  106<>  64' ; 
-i^  Fi  ^¥  ~  127'=*  10';+  P  ;  <x,Vf  l\Z^  35';  -  P:  ccP«  =  about  129^  (De  la 
ProTostaye,  Ann.  Ch.  Phys.  [3]  iv.  454).  According  (o  B6rard,  n**utra!  potasaic 
oxalate  aomelime»  cryetiitllses  with  3  at.  water. 

fi.  Acid  $atU  Dif^j-aiate  or  Binr^tthte  of  Potmtiitm,  Salt  of  S*trrel  C'HKO*.— 
This  salt  is  egntainod  in  the  juice  of  Tnnoud  species  of  liuimx  and  Oxtuif,  whence  it 
mar  be  extracted  by  clarifying  the  juice  with  clay,  white  of  egg,  or  biiUock*«  blood, 
and  leflTin^  the  clear  Itouor  to  crystaUise ;  it  is  prepared  by  this  procfss  in  lar^e 
quuntttiea  m  tire  Black  rorcst.  It  may  also  be  prepared  by  partially  nentralisiut^ 
oxalic  acid  with  carbonate  of  pcjtAssiam.  It  forma  transparent  crystals  which  hare  a 
aonr  taste,  redden  litmus,  dissolre  fcparingly  in  cold  water,  and  in  14  pts.  of  boiling 
wattT  (Wenzel);  in  4  ptF.  of  Unliag  water  {IF«/tricn'#  St/si,) \  in  40  pts.  of  cold 
and  6  pts,  of  boiling  water  (Btr:.  Lfhrb.),  nearly  or  quite  insoluble  in  cold  alcohol, 
soiiibte  in  34  pts.  of  toiling  alcohol  (sec  S toreros  Dietionaty  of  Sotubilitkst  p,  428). 

The  crystals  of  aait-of*sorrcl  are  commonly  said  to  contain  1  at.  water;  CHKO* 
H^.  Accord  ing  to  D  e  I  a  P  r  0  r  o  1 1  a  y  e  (/c»c,  cfV. )  they  probably  belong  to  t  h  e  tri  metric 
system,  harinp  their  axes  in  the  ratio  0^9494  :  I  ;  41 23  and  exhibiting  the  oombinu- 
tion  P«  .  aPce  .  oePoo  .Poo  .  Pf .  P|.  Angle  l^oe  :  odP«  =  103°  38*;  oo^w  : 
Poo  =  133"=  26-;  Poo  :  P«  =  132°;  ^oo  :  P|  -  130^'  35*;  Poo  :  Pf  *  about 
149*^  50^;  Poo  t  V\  -  127*'  60. 

According  to  Ramraelsberg  (Pogg.  Ann,  xciii,  24),  the  crystals  obtainiHl  by  half 
saturating  oxalic  acid  with  carboniite  of  potassium  contain  4C^HKO*;H*0,  and  are 
tri  metric,  having  their  axee  a  :  A  :  c  —  0*9478  :  1  :  0  6876»*  and  exliibiting  the  combi- 
niition  P  :  2P.  oep  .  ocpco  ,  oP  :  7^00  ^  only  half  of  thf^  pyramidal  and  prismatic  faces 
howe^'er,  being  commonly  present.  Angle  oP  :  7^»  —  103®  40^ ;  7^ «  :  7? «  (baaal)  » 
162'*  40^ ;  2P  :  ocP  =  149^  39';  P  :  oP  -  139'  30*,     Ciearsgc  perfect  paraUel  tooK 

According  to  Marignac  iUtcKercheB  tur  leaforvifa  cHxtaUinet  de  mttlqwM  composts 
chtmiotus^  Gen^re  18do;  Jahreab.  1866,  p.  462),  the  ordinary  crystals  of  salt-of-»orrel 
are  aanjdrons  (CHSO^),  and  belong  to  tht  monociinie  system  exhibiting  the  combinatimi 
odP  .  <»P»  .  [  oDpas  ]  .  oP  .  [Poo  ]  .  [2Pao  ]  .  P  *  +  2P2  -¥  JPoQ .  Angle  ocP  :  «P 
(cHnod)  =  162^  36' ;  [Poo  ]  :  [Poo  ]  (clinod.)  »  lie^^*  40  ;  12?*  ]  :  [2P«  ]  (chnod.) 
=  81°  24' ;  oP  :  oePao    ^  133^  29' ;  oP  :  ooP  -  131*  67' ;  [  »Poo  ]  :  [Poo  1  «  120^ 


llT:  [oopQo]  :    +    2P2    «. 
easily  paraliel  to  [  wPoo  ]. 


122°  13*,t      Clearage  very  easily  parallel  to  oepoo  j  U^sb 


In  preparing  potaaaio-antimomc  oxalate  (p.  262).  Kammeleberg  obtained  crystals  of 
acid  potasflic  oxalate  contjiiniiig  2CirK0*,H'O.  These  crystals,  whieh  effloresced  very 
outckly,  were  tri  metric  prie$ms  exhibiting  the  combination  mP  .  aDP2  .  ooroo  ,  P  » 
3P3,  Ratio  of  axes,  a:b:c  -  04590  :  1  ;  6*1969.  Angle  »P :  ooP  *  130°  42'. 
These  meaanrementa  have  been  confirmed  by  Marignac. 

Acid  oxaliite  of  potassium  is  u.ted  as  a  weak  acid  for  scouring  metals;  also  for 
remoring  ink-slains  and  iron- mould,  the  dotible  oxalate  of  iron  and  potainiuii  being 
soluble  in  water. 

*^  In  De  U  FroraslGfe'f  ia«aiur«in«titi,  tlie  prlmarf  ^o"^  is  a  pjrsmid  wUh  iti  mxit  tersn  Itmei  si  loog 
M  In  tf«4i«r  of  MaiDiuiOtbirK. 

f  The  r<br»  h^ft  QMioC«d  bf  i»?at  ]  And  •^  iVt  wrr*  t^g&r^vd  bf  fisi&Bielibere  u  b  longlut  to  » 
rhumbic  ipriiin. 
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Hyperacid  aalL  TetroxalaU  or  Quadrwralate  of  PotassitMH,  C*H«0».2H«0  or 
CKK0*,CHH)*,2U:O.-^TinB  salt  disoorered  by  SavarjAnd  Wiegleb,  and  analjMd 
bj  WoUaitOD  (Phil.  Trana.  1808,  p.  99),  is  pr«mai«d  bTsatutatin^  1  pi.  of  oxalic  aeid 


with  carbonate  of  potassium,  adding  8  pts.  of  ozalio  acid  and  leaying  tho  aolotioii  to 
aystallise.  A  solution  of  equal  parts  of  oxalic  add  and  chloride  of  ootaaiiiiim  also 
deposits  this  salt  in  crystals  on  cooling.    ^Anderson,  Chem.  Soe.  Qn.  J.  i.  2S1.)^ 


Hyperacid  oxalate  of  potaosinm  crystallises  in  beautifnl  triclinic  prisms,  somatimM 
of  large  dimenrions.  Dominant  combination  od/P  .  od^oo  .  odP/  .  odPoo  .  2  P  eo  . 
oP  .  2;P'flo,  with  the  secondary  fmom  4^,  «,  4P;flo,  F,  T,  JF,  F|.  odTPJ,  p. 
Axes  a:  b:e  -  2*10044  :  3*2666  :  1,  the  axis  a  being  sappoaed  Tertieal,  b  oivectad 
fi!om  left  to  right,  e  towards  the  obsexrer.  Angles  (?  the  axes  a  —  96*^  l/ ;  /I  -■ 
79029';  7  -  97"^  6'.  Inclinations  of  &oesoP:  ooP/  «  82®  80';  ooPoo  oop'  . 
IIP  20';  P'  :  oo/P  -  146«>  Z2^;  oP  :  2^oo  -  1440  80^;  2T, «  :  opPoo  - 
119°  26';  oP:2.Fflo-  148<»  10';  2^flo  :  oofoo  -  127^66'  (De  la  ProFoataya, 
loe,  eit.  The  mcasorements  have  been  confirmed  by  RammeUberff).  The  crystals  dia- 
solve  in  20*17  pts.  water  at  20°  and  give  off  their  water  of  ciystaUisation  at  128^. 
-  Aooording  to  B&rard,  this  salt  is  sometimes  met  with  in  commerce  as  salt  of  aorrel, 
according  to  Gmelin,  when  the  latter  is  prepared  by  half  neutralising  oxalic  acid  with 
carbonate  of  potassiam. 

OxALATBS  OF  RuBXDiux.  The  neutral  salt,  CRb'OVHK),  crrstalliseabyalow 
evaporation  of  a  cold  satarated  solution,  in  irregular  imperfectly  devdoped  monodinic 
crystals  isomorphous  with  those  of  the  neutral  potassium-salt  and  exhibiting  the  com- 
bination P  .  ooPoo  .  +  Poo  .  oP.  The  inclinations  of  the  faces  are  approximately 
+  P:  +  P(clin.)  =  73°;  -  P:  +  P  (basal)  -  122  to  113J*';  ooPoo  :  -  P  - 
\29^  to  130°.      (Piccard,  J.  pr.  Chem.  Ixxxvi.  449.) 

The  acid  salt,  CHRbO*,  forms  small  monodinic  ciystals,  isomorphous  with  the  acid 

f-)ta88ium-8alt,  and  ffenerally  exhibiting  the  combination  ooP  .  foDPao].  £Pao  1  . 
2Poo].oP.  Approximat«^ly,  ooP  :  ooP  (clin.)  -  162°  30*;  [Poo]  :  [Poo],  in  tha 
same  ->  122°;  [2Pao]  :  [odPoo]  »  137°  45'.  The  prismatic  fiices  are  vertically 
striated.    (Piccard.) 

The  kf/peracid  salt,  C*H*RbO\  is  obtained  in  large  crystals  hj  dissolving  the  acid 
salt  in  dilute  nitric  acid,  and  leaving  the  solution  to  evaporate.  (Qrandeau,  Ann.  Cb. 
Phya.  [3]  Uvii.  166.) 

OxALATB  OF  SiLTiK.  CAgK)^. — Obtained  pure  and  anhydroua  aa  a  white 
crTRtalline  precipitate,  by  adding  oxalic  add  to  nitrate  of  silver.  It  is  xerj  sparingly 
soluble  in  cold,  somewhat  more  in  hot  water,  perfectly  insoluble  in  alcohol  and  ether. 
It  dissolves  readily  in  ammonia  and  carbonate  of  ammonia ;  the  solution  turns  brown 
when  expoeed  to  lights  and  when  dowly  evaporated  in  the  dark,  yields  the  oxalate  of 
ailver  in  large,  haxd,  shining  prisma.  It  decomposes  between  110°  and  160°,  and  de- 
tonates when  suddenly  heat^  With  iodide  ofmetkyUne,  oxalate  of  silver  yields  dioxy- 
methylene,  CH*0*,  together  with  iodide  of  silver  and  a  mixture  of  carbonic  anhydride 
and  carbonic  oxide  (Butlerow,  iil  1006).— With  chloride  of  benrylene,C*HfCP,  it 
yields  by  a  similar  reaction,  bitter  almond  oil : 

C'H«C1«     +     C»Ag«0«      =       CH-0     +     2Aga     +     C0«     +     O. 
With  iodide  of  ethylene,  on  the  contrary,  it  yields  nothing  but  iodide  of  silyer  and  a 
mixture  of  carbonic  anhydride  and  carbonic  oxide : 

C«H«1«     +     C»Ag»0«       -       2AgI     +     C0«     +     CO. 
Similarly  with  bromide  ofamylene,     (Golowkinskv,  Ann.  Ch.  Phann.  cxi  262.) 

AmwumuhoxalaU  of  Siltfer,  4NH*.CAg>0«  »      Ag*    V^^  is  obtained  as  a  spongy 

Hit    J"  f 

tumefied  mass  by  passing  dr^  ammonia-gas  over  dry  oxalate  of  silver.  It  is  easily 
soluble,  has  an  alkaline  reaction,  and  is  decomposed  by  adds  with  separation  of  oxalate 
of  silver.    (Soochay  and  Lenssen.) 

Oxalates  of  Sodiuic  The  neutral  salt,  CNaK)*,  occurs  in  a  great  nnmber  of 
plants,  and  is  found  in  varech,  by  the  indneration  of  which  carbonate  of  sodium  ia 
obtained.  It  is  anhydrous  and  difficult  to  obtain  in  regular  cnrstals.  1  pt.  of  it  disacdvcs 
in  2678  pts.  water  at  21*8°,  and  in  16  pts.  of  boiUng  water  (Pohl) ;  in  36*4  pta.  water 
at  ordinary  temperatures  and  24*6  pts.  boiling  water.     (Rammelsberg.) 

The  acid  oxalate,  CHNa0^HK),  forms  crysitals  which  redden  litmus. 

SodiO'P'tiassie  oxalate  has  not  been  obtained.  A  boiling  solution  of  salt  of  sorrel 
nentralicM^d  with  carbonate  of  sodium  yidds  on  cooling  or  evaporation  nothing  but 
neutral  oxalate  of  sodium.     (Rammelsberg.) 

OxAi.ATBS  OF  Strontium.  The  neutral  salt,  C^r'O^.HK),  obtained  by  pir- 
ripitating  a  strontium-salt  with  a  neutral  alkaline  oxalate,  is  a  white  powder  soluble  in 
19*20  pts.  of  boiling  water,  «paring1y  soluble  in  odd,  easily  in  hot  solutions  of  cfalocida 


OXALATES. 


2G5 


or  yilmioaT  ftmrnotiitiiii ;  t^t&iiu  itn  wmter  of  cryBtAliisutiou  at  lOO^.  Wiuke  (Atm. 
Ch.  t'hana.  xe.  106),  by  prt^cipitating  nitrate  of  BtJX»Dtmni  wirji  oxilIic  ncid,  obUined 
a  wtkh  tu  microsoopic  vqaare^baBcd  octahodrons  cotituim&g  C^r"0*.3H'0. 

d^  salt — Clapton  (Chem.  Soc  J.  vi,  123\  by  mixing  concentf»ted  aolotiooit  of 
oxalic  add  and  duloridu  of  strontium,  obtaued  crysUk  int^rmediati?  in  cotupottitioo 
tx'tweeo  the  neutral  and  add  uxAlaU'tf  of  strontiiim*  Souchayund  LensBpn  once 
obtained  a  tail  oonramiog  C8r  0*.C«H*0*.2H«0  or  C«H^r"0».2H*0,  by  mixiM  a 
rather  strong  aolution  of  chloride  of  strontium  with  1  or  3  mcasnrea  of  auong  hyiuo* 
cMoric  acid,  and  3  or  4  meaavrea  of  eolutioQ  of  oxalic  add  Hattirat«d  at  60^.  After 
ftandtng  for  some  days  at  0**,  tho  U^utd  depict  ted,  together  with  oxalic  aeid  and  thc< 
neatr«l  aalt^  craaU  of  an  add  salt,  oonaiatiiig  of  highly  laatTOiis  prismalic  cryst&la 
with  pymnidal  innmitta^  mosUy  united  in  geodea.  TheM  crjfllaJji  eiBoreaci'd  in  the 
air,  and  were  retolred  by  water  into  free  oxalic  acid  and  the  neurnil  i»lt.  They  gave 
by  analyaia  S-IO  per  cent,  strontiii,  the  formula  requiring  34*4  per  ec'nt, 

OxaiATK  or  Tantalum  ?  Oxalic  add  diasolYea  only  a  trace  of  tantalic  oxide, 
bat  salt  of  sorrel  dtBaolrce  it  in  considt^nible  quantity,  forming  a  oolourleas  aolutlon 
from  which  alkalia  throw  down  tantalic  oxido.     ( B  e rx e  1  i  u a.) 

OxALATB  OF  Tbllubivm?  OxaUc  iicid  disaokes  tellnric  hydrate,  and  the 
solution  yields  radiate  crystalline  grains  which  disaolire  easily  and  without  decomposition 
Jn  water.    (B er z el t n s.) 

OxALATKfl  orTuALLTuv.  The  neutral  tali,  CT1*0\  it  prepared  by  boiling 
1ogethi>r  equivalent  qnantitiet  of  thallic  carlK>Dat>e  and  oxatic  acid  in  jnst  eufflcieni 
wntor  to  difisolve  the  product  white  hot.  On  cooling,  the  oxalate  cTystalltses  in  small 
whiL<^  lustrous*  prisms  (Crookes,  Chem.  8oc»  X  xvii.  15fl);  in  biiihII  nearly  right -atiji;lt'd 
four'stikd  bitnmje  (K  n  himann,  Oompt.  rend,  \x.  607).  It  dissJohei  in  693  pta,  w;itt  r. 
at  \^b^  and  in  1 1  pts.  boiling  water ;  insolabte  in  aleuhol.  Hydrochloric  add  oonTerta  it 
into  a  «pOD^  mass  of  chlonde  of  tliullinm.  It  may  be  heut<^i  to  271°  wilbvut  appre- 
dnble  loas  of  weight ;  but  decomposes  at  a  red  heat,  h'nvtng  a  mixture  of  oxido  and 
mf^tallic  thnUium.     (Croolces,) 

Tlie  acid  mit,  C*HT10*.HH),  crystallises  in  large  pearly  plates  which  ore  slightly  efllor- 
I'^ent  and  give  off  their  wat^'r  at  IZS/^.  Dtssoh^ee  in  187  pte.  water  at  10*6**  and  ui 
It  f<^  than  its  own  bulk  of  boiling  water,  forming  a  njrupy  solution.  It  is  strongly  acid 
lu  test-paper.     (Croakoa.) 

OxALATB  OF  TnouiNUW.  CTh'O'.H'O. — Ileary  white  precipitate  insoluble  iu 
%iater.  very  slightly  soluble  in  oxalic  acid  or  in  dilute  mineral  acids.  (Berseiius. 
Chydenius,  Pogg.  Ann.  exix.  43.) 

A^t^Mtio-th&rinie  oxaiate.  White  precipitato  insoluble  in  waterand  in  aqueoosoxalie 
Mcid.  Turns  black  when  ignited,  and  tht-n,  if  in  t'ontHH  with  tlio  air^  leaves  a  whita 
niijiture  of  ihorina  and  carbonat**  of  potassium.     (Bcrselins.) 

Oxalates  of  Tik,  a,  ^^annau*  sd/f*.  — The  salt  C*Sn  O*  is  oTjttiined  easily 
Aud  in  large  quantity  by  pouring  a  solution  of  tin  in  acetic  acid  into  lH»iIiijg  aqueous 
tixidic  acid.  The  stjinuona  oxalate  being  nearly  insoluble,  ficparatia  immediately  in 
sliining  neutral  anhydroos  needles  resembling  artificially  crji^tamsed  calcic  sulphate.  It 
is  insoluble  in  cold  water,  and  is  partially  decompoj^d  by  boiling  water,  with  product  ion 
i>f  a  white  salt  (H ausmann  and  Lowenthal,  Ann.  Ch.  Pharm.  Ixxix,  IIH).  This 
K*lt  treated  with  warm  caustic  ammonia  yields  white  stannous  hydnde,  but  with 
a  somewhat  concentrated  solutiuu  of  cau**tie  pota«h,  it  yields  anhydrous  stannous  oxide. 
Hydrochloric  add  at  the  boiling  heuidis«ntves  an  almost  urdimitnd  quantity  of  stannous 
oxalate;  and^  as  the  solution  cools,  the  whole  of  the  oxalic  iuidiM  d«;tM>sittMl  in  crysfals, 
while  stannous  chloride  remains  in  solution:  but  if  a  little  wuttT  be  added  to  tho 
sDlulion,  stannous  oxalate  crystallises  out.     (R  Bottger,  J.  pr.  Chem.  Ixxvi.  238.) 

Stannotti  oxatata  dissolves  in  the  oixalates  of  ammonium,  potasdum,  and  sodinmr 
fuirmiog  double  nalts, 

Ammonio-gtannoiiM  oxalate,  C*Sn*(Nn*)'0",H=^0,  is  obtainiNi  by  dissolving  stannous 
oxalate  in  a  boiling  roneeiilratfd  Holution  of  oxalate  of  unmionium,  and  mixing  the  solu* 
tiou  when  cold  witti  tilt'ohoL  It  then,  after  some  lime,  de[x>Hita  the  double  salt  in  steUate 
j;mu^»!>  uf  needli'swljich  efBoresce  in  the  air,  are  insoluble  in  alcohol,  andliave  averyswwft 
ume,  Ttie  oonccnfmted  m>bition,  wbt'n  left  In  it (^elf  for  some  time,  deposits  stannooa 
oxalate  (Hausmann  and  Lowenthal).  Tins  salt  is  isomorphous  with  the  f>ola»- 
sium-salt  (f*i/.);  it  fuses  and  detuuates  when  heated.  (Bouquet,  Ann.  Ch.  Pharm. 
Uiv.  278.) 

Ihta^sifi-stannoiis  oxalate.  Obtained  :  1.  By  dit«olving  recently  precipitated  stan- 
nniis  c^ixsdnte  in  u  hot  cotJCf-ntrated  st^ution  of  neutral  oxalate  of  potassinm ;  purified  by 
re<^r}'iftalliwHtii'n  CUauftniHun  ^ind  Liiwentliul). — *2.  Uy  lr»'atinp  acid  oxalnte  of 
pdtiissium  with  a  Urpe  exctiijt  of  Htjinnous  oxide  (Bouquet).— Transparent,  colourhns 
prismatic  crystals  which  dissolve  rcndily  in  hot  vatafj  less  refldily  in  cold  water,  and 
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nn  ioMilable  in  alooliol  (HEVsmannandLdweiithal). — ^Bouqiiet's  salt  Iords  large 
oolowleM  erjBtali,  which  dutol?e  readily  in  oold  water,  formtnc  a  lolation  whidi  be- 
comes milky  after  a  while,  and  decomposes  qoiekly  when  boiled,  yidding  first  a  white 
gelatinous  and  afterwards  a  black  precimtate.-*-The  salt  has  a  strong  sweet  taete^  but 
leaves  a  bitter  after-taste.  It  reddens  litmns,  and  is  not  decomposed  wbMk  heated  at 
100^  in  contact  with  the  air.    (Hausmann  and  LowenthaL) 

Sodio'Siannous  oxalate.  Prepared  like  the  potassium  salt  which  it  vesenbles  (H.  and 
L.).    Anhydrous  and  erystallisable  (Bouquet) 

/S.  Stanniesalt.  RMently prepared  stannic  oxide  (obtained  by  preoipitatiiiff  a  sohi- 
tion  of  stannic  chloride  with  sulphate  of  sodium)  dissolves  readily  in  warm  oxuie  and, 
and  a  nearly  saturated  solution  yields  by  evaporation  white  shining  laninas  eontaining 
variable  quantities  of  stannic  oxide,  and  becoming  by  repeated  crystaUisattoo  eon- 
tinually  poorer  in  that  substance,  till  at  leneth  pure  oxalic  acid  crystallises  out  The  same 
solution  yields,  with  sulphuric,  nitric  or  hydrochloric  add — also  with  alkalis,  alkaline 
carbonates,  chlorides,  nitrates,  sulphates,  &e. — white  precipitates  soluble  in  water  and 
containing  12SnO*,(X)*.12HH).  The  precipitate  formed  by  the  fixed  alkalis  or  their 
carbonates  becomes  insoluble  in  water,  when  left  in  contact  with  it  for  some  time  o«r 
heated  with  it    (Hausmann  and  LowenthaL) 

OxALATB  OF  TiTAHiuH.  Precipitated  in  the  form  of  a  curdy  maai^  on  boiling 
an  aqueous  solution  of  a  titanic  salt  mixed  with  oxalic  add  (Laugier).  Any  ferrie 
oxide  that  may  be  contained  in  the  liquid  remains  in  it  for  the  most  paxL  The  dried 
precipitate  imparts  to  moist  litmus-paper  a  red  tint,  which  nearly  disappeazs  on  drying. 
The  precipitate  is  soluble  in  excess,  both  of  aqueous  oxalic  add  and  of  hydzocfalorate  of 
titanium.    Contains  12TiO«.C*TiO«.12HK).    (H.  Rose.) 

OxALATBS  OF  Ubaitiux.  o.  Uratiout  saltt. — Uranous oxalate, CTTO^.SHK), 
is  a  greeniuh-white  predpitate  obtained  by  mixing  a  solution  of  uranous  chloride  with 
oxalic  add ;  gives  off  2  at  water  in  vacuo. 

Ammonio-uranous  oxalate,  C*(NH^)'U''0'  is  obtained  in  crystals  by  boiling  recently 
predpitatpd  uranous  hydrate  in  a  solution  of  acid  oxalate  of  ammonium  (Ra  mm  els- 
berg). — PotasHo-uranous  oxalate  obtained  in  a  similar  manner  is  a  grey  powder. 

jS.  Uranic  aalta,  Uranic oxalate  or  Oxalate  of  {7raiiy/,  C«(U*0«)''0*.3HK),  is  de- 
posited in  crystalline  grains  on  mixing  a  warm  concentrated  solution  of  uranic  nitrate  with 
oxalic  acid,  and  leaving  the  solution  to  cooL  The  air-dried  salt  heated  to  100^ — 120^ 
gives  off  nearly  9  per  cent  (2  at.)  water,  which  it  takes  up  again  on  exposure  to  the 
air ;  at  800<^  the  mono-hydrated  salt  turns  brown  and  is  converted  almost  instantly, 
with  evolution  of  water  and  carbonic  anhydride,  into  a  copper-coloured  powder  of 
uranous  oxide,  which  by  ignition  in  the  air  is  converted  into  green  uranoso-uranic 
oxide:  C«(U«0T9*  -  2U0   +   2C0^     (Ebelmen,  Ann.  Ch.  Phys.  [81  v.  189.) 

Uranic  oxalate  is  nearly  insoluble  in  cold  water,  dissolves  in  30  pts.  of  Doiling  water, 
is  more  soluble  in  acids,  and  dissolves  easily  in  the  oxalates  of  ammoniom  and  potas- 
sium, forming  double  salts  which  crystallise  on  cooling. 

AmmoniO'Urame  oxalate,  C*(NH*)*(UK)')"0".4H*0,  is  obtained  in  fine  transparent 
yellow  crystals  by  dissolving  uranic  oxalate  in  warm  ac^ueous  ammonia  (P  ^ li go t).  The 
crystals  are  trimetric  prisms,  exhibiting  the  combination  f  ao .  ool^oo .  ool^  .  ooP.  oe^oo . 
Axes  a  :  6  :  c  =  0*6686  :  1  :  0*6941.  Angle  f  oo  :  too  «  112°  28' :  a>f»oo  :  oop2  « 
139*»  66' :  ooP2  :  <xP  «   160°  W.Pao:  oof  2   »   116°  16';  f  oo  :  ooP  -   106®  30^. 

Poiassio-uranie  oxalate,  C*K'(U*0*)''0*.3H*0,  forms  monodinic  prisms  permanent  in 
the  air  and  giving  off  all  their  water  of  crystallisation  at  100^.  Dominant  fnotB  ooP, 
ooPoo,  oP.  Angle  ooP  :  ooP  -  131<^  2* ;  ooP  :  ooPoo  «  114°  20';  ooP  :  oP  =^ 
111^28'.    (Ebelmen.) 

Oxalates  of  Vanadiuic. —  Fanadic  oxo^^^Aqueous  oxalic  add  saturated 
with  hydrated  vanadic  oxide  yields  on  evaporation  a  light  blue,  translucent  gum,  which 
dissolves  slowly  in  cold  water,  more  quickly  in  hot  water.  The  aqueous  solution  mixed 
with  a  large  quantity  of  oxalic  acid  yields  by  spontaneous  evaporation  blue  crystals 
readily  soluble  in  water.     (Berzelius,  Pogg.  Ann.  xxii  33.) 

Potassio-vanadic  oxalate.  Salt  of  sorrel  saturated  with  hydrated  vanadic  oxide 
dries  up  to  a  dark  blue,  amorphous  varnish,  which  dissolves  slowly  in  water.  (Ber- 
seliuH.) 

Oxalo-vanadic  acid.  When  vanadic  oxalate  is  evaporated  with  nitric  add,  and  the 
residue  treated  with  water,  the  greater  part  dissolves,  forming  a  yellowish-red  solution, 
which  on  evaporation  leaves  oxalo-vanadic  add  in  the  form  of  a  reddish-yellow,  amor- 
phous extract,  likewise  soluble  in  water.  An  excess  of  oxalic  add  immediately  reduces 
the  vanadic  add  to  vanadic  oxide.     (Berzelius.) 

OxALATB  OF  Yttrium,  C*Y"0«.3HH). — White  precipitate,  bulky  and  cnidT  at 
first,  but  shrinking  together  after  a  while ;  insoluble  in  water,  aqueous  oxalic  and  dilate 
hydrochloric  acid,  but  soluble  in  nitric  and  in  strong  hydrochloric  add  (Berlin). 
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Thin  driieription  applira  ttricUy,  not  to  pure  osAlttte  of  yttriam,  but  U>  b  mutur^  of  the 
■  iiAliilct  of  jFUfiiim,  erbium,  and  ttTbinm ;  the  pure  yttrium-ialt  b  more  soluble  in 
nciiU  tban  the  oxalates  of  erbinm  antl  terbium,  a  propettj  vhicb  aflxird«  the  mflaoa  of 
Mr'pftrmliug  yttria  from  ^^rbiA  ajad  terbui.     (MnsAnder.) 

OxdfOU  of  ^iirium  tmd  ^taaBium^  C*K'VO',  \t  a  be«ry  white  pffctpitate,  inaol- 
wlfli*  in  wMter. 

OxALATB  or  Zjsra  C*Zn'0*.2H*0. — White  pf«cipitat<*,  i&«olubl«  in  water,  sol- 
ubl«  in  hydrochloric  acid  and  in  ammoniji,,  also  in  a  Mt^mx  fiolation  of  sui-ammoQiac. 

Ox^ttU  of  tine  ttnd  arniaonimm.^-^a.  Deposited  in  n(»edlfi»  when  oxalic  acid  is 
added  to  no  aqoeons  (solution  of  chloride  of  aoc  sijpemititjiil«d  with  mmmoaiii.  (Wack- 
•nroder,  Ano,  Cb.  Pbarm,  x.  63.) 

fi.  When  an  aoueous  oolutton  of  add  oxalate  of  ammoninm  is  digmtml  with  car- 
bcmate  of  sine  till  it  ia  completely  aatanited,  03Ealat«  of  zinc  tq^orjitca  onr,  and  the  fil- 
trate wh^'o  ovuporated  leaYAS  milk-white  tiodulf«^  contaioing  C*(,NH*)*Zti"0^^3H'0, 
irbich  slowly  ^f!lo^eac^  and  pr^  off  water,  are  nearly  insoluble  in  «ild  water,  but  are 
decomposed  by  hot  water,  with  sepanitiou  of  carbonate  of  sine.  (Kayaer,  Pogg.  Ann^ 
Ix.  140.) 

Oxalate  of  sine  (ind  potasmum^  C'K'Zd'0*.4HK). — A  conctintrated  Bolution  of 
nornial  oxalate  of  potaasinm  boiled  for  some  timr  with  oxalate  of  zinc,  and  then  UltereH;], 
yields,  on  coolings  sroaU  transparent  effloreeceot  tables,  nearly  iosoluble  in  cold  water, 
uud  decomposed  by  boiling  water,  with  separation  ol  oxulato  of  einc.     (Kayser.) 

Ox  a  L  ATI  or  ZincoxiiTif. — Oxalic  acid  and  oxalate  of  aiaiuonium  added  to  solu- 
tione  of  xireoninm-salts,  throw  down  a  white  o|:ta1ine  6aky  precipitate^  inaolnble  in 
water  and  in  boiling  aqu(*ouM  oxalic  atnd*     (Du  bois  and  Silveira,) 

aXAXZC  ACZZt*  AnOSSft  of.  Oxutic  ncid,  like  other  dibai^ic  acids  of  tha 
fitrim  C*1I'*~'0\  shuuld  yield  tour  noriiiid  umides  by  elimloatiou  of  water  from  its 
acid  and  neutral  ammonium-aalts,  Ihua: 


C*H(NH*)0*     - 
Acid  atnmoulum-falt. 


H*0 


C-11»N0» 


C*H(NH«)0* 
Actd  Btittuonliiin-MlLt* 


C\NH«)-0* 


^      2H*0 


-    2n*o 


C*HNU' 


(C*0-)- 
H 


i». 


efl*N«0' 


(N. 


DXaBlliifl. 

NeutraJ  smcn^  0««i}itrlte 

nlum-wlt«  (CfanoKvn). 

The  hydrogen  m  oxumic  acid  and  oianJide  may  be  more  or  less  repbced  by  alcohol- 
r.kdi*iles,  thm  giving  hn?  to  alk;damidos,  e.ff.  Methjl-oxamic  acid,  C*H'(Cn')NO*  j 
Jietlvvluxamide*  CH'lCH^j^N'O*  &c.     (See  Oxxmic  ErujjJia  and  Oxamidb.) 

Tht'fv  is  ttljw  a  number  of  other  bodiip,  chiefij  derivatiTes  of  uric  acid,  which  may  be 
n^giirtlcd,  with  re«peci  to  their  confititution  and  transformation,  but  not  to  their  mode 
of  formatioD,  us  amideti>  of  oxalic  acid  of  a  more  complex  cliaracter,  namely  as  deriving 
from  two  or  more  molecules  of  oxalic  acid  by  addition  of  ammonia  and  abstraction  of 
wiiter,  e.g. 


2CHK)*     +      2S11"     -     4U*0 


C'H'NK)* 


Hytyr 


2CmH)*     +     2NH»     ^      3HK) 


e*fl*N'0» 


DlnxAljrlamlda  4ir  Alloxan. 

Dioi«|jirlainlc  acid  or  Alloimnc  ACid, 
Other  com|?ound»  of  the  same  family  may  be  derived  in  a  similar  manner  from 
molecule  of  oxalic  acid  and  a  inoleccle  of  another  acid»  thne : 


c«u-o« 

^       CO'       ^ 

2N1P      - 

-    3n'o 

£3 

C'H'NW  Parabanic  acid. 

t^HW 

+       CO*       + 

2Kn*     - 

-     lUH) 

S 

eH'^*0*  Oxiilnnc  acid. 

Oialic  mcifl. 

C*rt«iifc 
anhyilfklo. 

(iH^O* 

+  cn>o»  + 

2XH»   -    arm 

ss 

C'H^N'O^  PamWnic  acid. 

2C*»H«0« 

f    CH«0»   + 

4NH*     - 

-    limy 

«• 

C*II*N*0*  Uric  acid. 

Oialicjind. 

Fofinlc  acid. 
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C«H«0«    +    CH«0« 

+      C0«      + 

4NH»      . 

-     5H«0 

-     C^H'NK)' AlUntoiD. 

2C»H«0*    +    CHK)« 

+      C0«      + 

4NH»      - 

-     7H«0 

-    C^«N«0*  Qzalantiii. 

Oxidic  acM.         Formic 

Carbonie 

add. 

anhydride. 

C*HH>*    +    C*HK)«    +  2NH«    -    8IP0      -      OHniTO*  IMBlorie  acid. 
3C«H«0«    +    C«H«0"    +  4NH«    -     8BP0      »      C^«NH)»  AllotftntiTi, 
Oullc  add.        Glyoxallc 
add. 

C*H*0*    +    C«HK)«    +     CO"     +     4NH?     -     6HK)      »      C»H«NH)«  Uric  acid 
C«H«0«    +    O^HW    +     CO*     +     4NH»     -     6BH)      »      C»H«NK)*  Pfccmdo- 

Oxalic  acid.        Glyoxallc         Carbonic  wie  acid. 

add.  anhjdrida. 

All  these  compoundB  have  been  or  will  be  described  in  their  alphabetieal  plaeei^ 
See  also  Uric  Acid,  Dbbitatitbs  of. 

OZA&ZO  BTBXKS.  Oxalic  acid  forms  with  monatomie  aloohol*ndicles  two 
series  of  ethers,  analogous  to  the  neutral  and  acid  metallic  oxalates.  Only  those  of 
methyl,  ethyl,  amyl  aiid  allyl  haye  however  been  yet  obtained. 

The  neutral  ethers  of  the  monatomie  alcohol-radicles  are  produced  by  the  medtmd 
dehydrated  oxalic  add  on  the  corresponding  alcohols,  or  by  nistiUing  the  alcohols  with 
sulphuric  acid  and  oxalic  acid  or  an  oxalate ;  or  by  passing  h^rdrochloric  acid  fOB  into 
a  sohition  of  oxalic  acid  in  the  alcohoL  They  are  volatile  without  decomposition  in 
the  diy  state,  but  in  presence  of  water,  bases,  or  adds,  they  are  easily  resolved  into 
oxalic  add  and  an  alc<moL  Sulphuric  acid  decomposes  them,  with  elimination  of  carbonie 
oxido  and  production  of  carbonic,  or  under  certain  conditions,  of  formic  ethers.  ^  With 
ammonia  they  yield  either  oxamide  or  ethers  of  oxamic  add.  When  treated  with  the 
dnc-compounds  of  the  alcohol-radicles  and  afterwards  with  water,  they  yield  ethers  of 
the  lactic  or  glycoUic  series.     With  chlorine  they  yield  chlorinated  ethets. 

The  acid  ethers  of  oxalic  add  have  not  been  so  fully  examined  as  the  neutral  ethers^ 
only  those  of  ethyl  and  amyl  being  known.  They  are  obtained  as  bye-products  in  the 
preparation  of  the  neutral  ethers ;  ethyl-oxalic  acid  also  by  the  action  of  alcoholic  potash 
on  neutral  cthylic  oxalate. 

An  oxalate  of  the  diatomic  radide  ethylene  appears  to  be  produced  by  the  action 
of  bromide  of  ethylene  on  oxalate  of  silver. 

Oxalate  of  AUjl,  C«H*'0«  -  C*(C«H»)*0*. -Produced  by  digesting  oxalate  of 
silver  with  allylic  iodide  and  anhydrous  ether  at  100^,  and  rectifying.  It  is  an  oiIt 
liquid,  smelling  like  oxalate  of  ethyl,  with  a  slight  admixture  of  the  ^oor  of  mustard- 
oil  Specific  gravity  1055  at  15^.  Boiling  point  206<^ — 207"^.  (Hofmmnn  and 
Cahours.) 

Oxalates  of  AmyL  a.  Neutrm.  Amtuc  Oxalate,  C**H»0«  »  C^0*£P>)K)*. 
(Balard,  Ann.  Ch.  Pbys.  [3]  xii.  311.) — When  potato  fusel-oil  or  pure  amylic  alcohol 
is  treated  with  a  large  excess  of  crystallised  oxalic  acid,  two  liquids  are  formed,  the 
lower  being  wateiy  and  consisting  of  a  saturated  aqueous  solution  of  oxalic  add, 
while  the  upper  is  oily,  has  a  strong  odour  of  bugs,  and  deposits  oxalic  add  on  cooling 
On  distilling  this  oily  liquid,  the  temperature  gradually  rises,  and  amylic  oxalate  distiu 
over.     It  may  be  purified  by  redistillation. 

Amylic  oxalate  is  an  oily  liquid  having  a  very  decided  odour  of  bugs.  It  boils  at 
262^.  Vapour  density  8*4.  It  is  decomposed  oy  water  and  more  quickly  by  aqueous 
alkalis,  yielding  amylic  alcohol  and  an  oxalate.  By  aqueous  ammonia  it  is  converted  into 
amylic  alcohol  and  oxamide ;  by  gaseous  or  alcoholic  ammonia  into  amvUc  alcohol  and 
amylic  oxamate.  Treated  with  einc-cthyl  and  then  with  water,  it  yields  amvlic  dieth- 
oxalate  or  amylic  leucate  (see  pa^e  274).  On  account  of  its  high  boiling  pointy  it  may 
l>e  used  for  the  preparation  of  other  amylic  ethers  by  double  decomposition. 

Chancel  has  obtained  methyl-amylic  oxalate  and  ethyUamylic  oxalate  by  proeesses 
similar  to  that  which  yields  the  oxalate  of  methyl  and  ethyl  (p.  271). 

Amtloxauc  Acid,  C»H'«0*  «  C^C*H")HO«.  Oxalamylic  acid.  Add  oxalaU  of 
amyl  (Balard,  Ann.  Ch.  Phys.  [3] xii.  309).~The  oily  liquid  obtained  as  above  by 
heating  amylic  alcohol  with  oxalic  acid  yields,  when  saturated  with  chalk,  a  solution 
of  amyloxalat^  of  caldum  which  crystallises  on  cooling.  This  salt  serves  for  the  pre- 
paration of  the  other  amyloxalates. 

Amyloxalic  acid  is  an  oily  liquid  having  an  odour  of  bugs.  By  dry  i^inffn^tiffn  it 
yields  neutral  oxalate  of  amyl,  carbonic  oxide  and  carbonic  anhydnde : 

2C«(C*H")nO*       =       C^C»H")«0«     +     CO     +     C0»     +     HK). 

The  amyloxalates  are  very  unstable,  their  solutions  when  boiled  rrarodocing  amjlie 
alcohoL 
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The  poiat9ium'4olt  forma  boftutiful  njicn^vfiB  liiminiE,  grvasy  to  the  touch,— Tlio  ral- 
mitm-sait,  C**H'*C**0*.2H'O,  crjKtallisM  in  beautiful  crystftllitie  Bcalra,  mon*  culubti^ 
in  cold  than  in  bat  water.  Exposed  to  »  eaitent  of  dry  aif  mi  100^,  it  dt^ompoftcs 
ji«liliBg  amy  lie  aloohoU  Tbo  nUtftr-iolt,  CTH^AgO*.  formi  anhydroiw  bchIcs  liaviog  a 
nacraoiu  lattn,  Apariocly  sol  able,  and  Tcry  gtttuty  to  tbe  toucL  It  gruduttUy  altcn«« 
•ven  when  dry,  eftpecially  if  exposed  to  light. 

Ox«latM  of  SUiyL  «,  Niiutiux  Ethyuc  Oxalatb,  C^»"0*  =  (C^Hm4^^' 
V^niic  tther.^Thm  compooiid  was  diaoorerod  by  Borgmanti  {Oputcula,  i,  2>'jti)  atu[ 
hail  b««en  moTf  parttctdarly  inveatigatad  by  T  h  £  n  a  r  d  (M^ttu  d'  Arcueil,  iL  1 1 ),  B  u  u  li  u  f 
(Schvr.  J.  xix.  '6m\  Dam  as  aodj  Buullny  (J.  PhArm.  sir.  113),  Dtimas  Unxn.  Ck 
Phys.  lir.  227)^  Lowig  ( J.  pr.  Chc-m.  Ixxxiii.  120),  and  Frankland  una  I>uppa 
(p.  272). 

Fftrmniicn, — 1,  By  hf^atin^  idcohol  with  oxalic  aeid,  mon?  rondily  in  prosence  of 
iulphurir  or  hydrochloric  ac»d. — 2.  Together  with  chlor<?thylic  fonnate  aud  hydro- 
chlorie  ncid,  in  the  deLomposition  of  percbloromethylic  oxalute  (p.  272)  by  alcohwl, 
{Caho  ura,  Ann.  Ch.  Phya.  [2]  xix-  34fl)» — 3.  In  the  preparation  of  crude  aldohyde 
b J  difltOIing  a  mixtaru  of  eqo&l  parts  of  manganic  pervjxidt^  sulphuric  acid,  and  spirit 
of  20  p«T  cent,     (C,  Schmidt,  Ann.  Cb.  Phartn.  Ixxxia  330.) 

Frtymration, — 1,  One  part  of  acid  potassic  oxalate  (salt  of  sorrel)  is  mixi^d  with  1  pt, 
alcohol  and  3  p^tB.  ftiODg  sulphuric  acid ;  the  mixture  is  distilled ;  water  is  added  it» 
•oon  as  the  diatiltate  beigins  to  show  turbidity,  the  receiver  then  changed,  mid  the  di^- 
1  illation  continued  without  cooling.  On  mixing  the  dib^iIlate  with  water,  the  oxjilic 
ether  aeparutes  and  falls  to  the  bottom  ;  the  water  ia  then  renH>Ted  with  a  p)pettt>,  and 
the  ether  wii^hed  and  rectified.    (Dumas  and  Boullay.) 

3.  A  more  exp^itiuus  and  productive  metliod  is  to  heat  dehydrated  oxalic  acid  wflh 
aloohoL  Mitsehcrtich  h^kta  1  pt.  of  effloresced  oxalic  scid  with  6  pl6.  ub&olutif 
alooho!,  diittils  till  the  temperature  of  the  liquid  iu  iho  n-tort  ri^s  to  140^,  then  pours 
bftck  the  alwihol  which  hiu  pnseed  OTcr,  and  di^tilt*  till  the  th»rrooroeter  rises  to  1H5'' ; 
the  remaiuing  liouid,  consisting  chicly  of  oxalic  ether,  is  repeatedly  shaken  wilb 
water  and  rectifiea  over  oxide  of  lead.— According  to  Low ig,  a  much  smaller  quantity 
of  alcohol  is  stttHeient  for  the  purpose.  He  pours  Ijlb.  of  alrsolutc  tdcohot,  or  spirit  nf 
07  or  08  per  lmuI,,  on  Ijlb.  of  dehydrated  oxulic  acid;  dititils  slowly  till  the  ther- 
mometer rises  U)  130*^,  and  then  di^itils  the  product  quickly  off.  The  distillate  tiiim 
obtained  oonsihts  of  oxalic  ether,  with  a  coDsidertible  quantity  of  fonnic  and  a  small 
quantity  of  carbonic  ether.  2800  grma.  of  dehydrated  oxalic  acid  thus  treated  yield 
1800  grms,  oxalic  ether  and  600  grms,  formic  ether*  An  additional  quantity  of  oxalic 
and  formic  ether  may  be  separattnl  from  the  distillate  which  fiptB  over  below  120  ,  by 
neutralising  with  carbonate  of  potassium.  These  ethers  may  lie  sq>arated  by  fractional 
diatilJatlon,  the  formic  ether  passing  over  between  56''  snd  75°,  tho  oxubc  ether  af 

about  185°. — According  to  Kekul^  {Lthr&uch^  ii-  16)  the  liest  mode  rf  :■'- *•  n  \h 

to  dissolve  dehydrated  oxalic  acid  in  not  more  than  twice  ita  weight  of  ^1  liol, 

saturate  with  d'ry  hydrochloric  acid  gas,  precipitate  the  ether  with  water  ■  i  ^uid 

haa  stood  for  several  hours,  wash  it  sereral  timea  with  water^  dry  over  diloride  of  cal- 
eium,  and  rectify. 

Considerable  quantltiea  of  oxalic  ether  are  obtained  by  merely  kaviiifx  oialic  actd  iri 
contact  with  absolute  alcohol  for  a  few  week^,  beet  at  40*^—60".  (Lie big,  Ann.  Cb. 
Pharm.  Uv,  350.) 

Propertifx. — E  thy  lie  oxalate  is  a  colourless  oily  liquid,  having  an  aromattc  o<lour, 
apeciflcgTavuy  =  1  0029  at  7*6° (Do mas  and  Boullav);  1  0824  at  16°,Mendelejef 
(Po|!:g.  Ann.  cxL  229).  Boiling  point  183°— 181°  (Ihimas  and  BouUay),  186° 
(KekuU).  \rapour-4lensity,  obs.  ■■  £087  (Dum  us  and  Boullay),  5'IO(^Cahourt), 
ealc,  ^  5  06.    It  is  very  slightly  soluble  in  iifat*r,  but  di^ttrjlves  easily  in  alctthoi. 

DfComjv^itions, —  L  Kt hylic  oxalate  ia  decomposed  by  contact  with  u^aitr^  yielding 
alrohol  and  oxalic  acid.     Boibd  with  aqueous  jyotaxh  or  soda,  it  i»  quickly  'ouverled 
into  alcohol  and  an  oxalate  of  the  alkali-nietah— 2.  Ita  aIc«holic  iiolution  mixed  with 
alcoMic  potash  yields  alcohol  and  a  precipitate  of  ethyl-oxalate  of  potastiium: 
0«(C"H*)K)*     -^     KHO       -       C'tG'H*)KO*     +     C>H*.H.O. 

3.  Ammonia'gas  decomposes  it  mto  alcohol  and  ethyUc  oxamate  (oxamethan?)  : 


Etbyllc  4 


Ethylir  ci««l«te  Alcohot 

4.  With  aqii^tis  ammonia  it  yielda  alcohol  and  oxamide : 
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5.  With  ethylamine,  in  like  manner,  it  yielda  diethyl-ozamide  (C»  J«y'(OW»)"HW* , 

(Cf«H')«;j. 
and  with  tf^Asr^mme,  ethjliedietbylozamate  (CK>^V^;   while  trietkylamiine  does 


not  act  upon  it  On  these  reactions  Hof m ann  has  founded  an  eaqr  method  of  s^«r- 
ating  the  bases  produced  by  heating  ethylic  iodide  with  ammonia  (ii  665).  Similarly 
with  the  mHhylamineB  (iiL  998^ 

6.  Ethylic  oxalate  is  converting  hypotassium  or  sodium  into  ethylic  carbonate,  with 
eTolution  of  carbonic  oxide :  CT(C*U»)«0*  -  Of  C«H»)K)«  4-  CO ;  the  reiMCtioii  is 
oomplicated  howerer  by  tlie  formation  of  several  other  products,  amongst  which  is  a 
bla<x  substance  called  by  Lowig  and  Weidmann,  nigrie  add  (see  GmditCs  Hamd" 
book,  ix.  181). 

7.  When  ethylic  oxalate  is  agitated  with  sodium-anudgam  in  a  vessel  externally 
cooled,  a  product  is  obtained  which  is  separated  by  ether  into  a  soluble  and  an  in- 
soluble portion,  the  latter  consisting  of  fermentable  sncar  to^^ether  with  sodie  oxalate 
and  at  least  one  other  sodium-salt^  while  the  etheresl  solution  yields  by  spontaneoiis 
evaporation,  crystals  baring  the  composition  C"H"0*,  and  consisting  of  the  ethylic 
ether  of  a  tribasic  acid  OH'O',  called  desoxalic  acid,  because  it  is  produced  by  de- 
oxidation  of  oxalic  acid :  6C*H*0*  +  6H*  a  2C*H'0*  +  4H*0,and  raeemo-car- 
bonic  acid,  because  it  contains  the  elements  of  racemic  acid,  C*fi*0*,  and  carbonic 
anhydride,  CO',  and  is  resolved  into  those  two  compounds  when  its  aqueous  solution  is 
heated  in  a  sealed  tube  with  a  small  quantity  of  sulphurie  add  (Ld wis).  The  decom- 
position of  ethylic  oxalate  by  sodium-amalgam  has  not  been  completely  investigated, 
but  the  formation  of  racemo-earbonic  acid  and  sugar  may  be  represented  by  the 
equation : 

8C«H«0«     +     14H«       =       2C»H«0«     +     C^«K)«     +     10H«O. 
Oxslie  acid.  lUeono-  (Jlocotc. 

carbonic  acid. 

(See  Racxmo-cabbonic  Acid.) 

8.  Ethylic  oxalate  treated  with  ginc-cthyl  or  with  zinc  and  ethylic  iodide  (which 
produce  zinc-ethyl)  and  afterwards  with  water,  yields  ethylic  diethoxalate  or  leudc 
ether,  CH"(C*H*)0*;  and  homologous  products,  in  like  manner,  with  zinc- meihjfl  and 
zinc-amyl.     (Frankland  and  D u p [> a,  see  page  272.) 

Combination. — Ethylic  oxalate  unites  witn  stannic-chloride,  forming  a  crystalline 
compound  C«H'»0*.SnCK 

Perchlorethylic  Oxalate,  CKIJI'^C-This  compound,  also  called  PerckUtrofMnie 
oxalate,  Chloroxalic  tther,  and  Pi  rchloroxalic  ether,  was  discovered  and  investigated  by 
Malaguti  (Ann.  Ch.  Phys.  [21  Ixxiv.  299).  It  is  producAd  by  the  action  of  chlorine 
on  oxalic  ether  in  sunshine.  It  is  colourless,  crystallises  in  quadrangular  lamina*,  is 
destitute  of  taste  and  smell,  perfectly  neutral,  transparent  when  new^  prepared,  but 
becomes  opsque  after  some  time.  It  melts  at  144^  with  incipient  decomposition.  It 
is  insoluble  in  ufater.  When  exposed  for  some  time  to  moist  air,  it  becomes  add,  gives 
off  fumes  and  ultimately  liquefies.  Alcohol,  wood-spirit,  amyl-alcohol,  oil  of  turpentine, 
and  acetone  decompose  it  immediately ;  common  tther,  act  tic  ether,  and  several  other 
ethers,  less  rapidly. 

Dry  ammonia-gas  converts  it  into  pentachlorinated  ethylic  oxamate,  forming  at  the 
same  time  another  amide  (probably  trichloraoetamide,  and  one  or  two  ammonium-salts). 
With  aqueous  ammonia  it  yields  oxamide  and  trichloracetamide.  The  reactions  with 
ammoma  appear  to  take  place  as  shown  by  the  equations : 

CH:1»K)«      +     2NH«       -       C*H«C1»N0«     +     C«H«a«N0     +     2Ha. 

Chloroxametbane.      Trkhloracetamide. 

C«H«C1»N0»     +     2NH«       -       C»H«a«NO      4      C»H*N«0»       +     2HCL 
Chloroxamethane.  TrlchloraceCamide.  Oxamide. 

With  alcohol  it  yields  a  number  of  compounds  among  which  are  trichloracetic  add, 
hydrochloric  add,  chloride  of  ethvl,  and  an  oil  called  chloroxet  hide  which  Malaguti 
represents  by  the  formula  C*C1'*0'*  (p.  271).  When  mcthylic  alcohol  is  dromied  upon 
chloroxalic  ether,  hydrochloric  add  is  evolved,  and  on  adding  water  after  the  tnixlnre 
has  cooled,  an  oily  mixture  of  oxalate  and  chlorocarbonate  of  methyl  is  predjpitated. 

Potash  converts  chloroxalic  ether  into  oxalate,  trichloracetate,  and  cluoriae  of  potas- 
sium : 

CHn»«0*     +     4H«0       =       C«H«0*     +     2C«HC1«0«     +     4HCL 

Chloroxalic  ether  several  times  subjected  to  rapid  distillation  is  converted  into 
cliloride  of  carbonyl  (phosgene  gas),  oxide  of  carbon,  and  chloride  of  trichloracetyl : 

CKJi'^0*     =     coci*    +    CO    +    2(CKa«o.a). 

WhpH  kept  in  a  closed  vessel,  it  appears  to  undergo  after  a  while  the  same  changes  as 
wht-n  heatod. 
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CUittK  I860,  pp,  373,  403).— ProdiM*eil  hy  ihe  actjou  of  ethyl-solphato  of  potaji$iuti»  on 
(lio  cni'thyl-oxaUte,  or  of  ihr*  niHliyi-HulpluLte  on  the  ethjl'-oxAlnte: 

CCH«)KSO*     ^     C*(C»H»)ko*       -       K«i50»     +     C«(CH>)(C"H*)0\ 

It  ifl  a  transparent  colourleM  liquid  haring  a  fiitnt  aromatic  odour.  Spf'ciilc  ffrmTifj 
I  27  a«  12°,  Boila  betwi*«i  160*»  and  170^.  dittillijig  wiliiont  alteration,  Vapour- 
dvnaitj  4*677  (eale.  for  2  rot  —  4'5d08).  It  bums  with  a  bright  (Lame  blue  at 
th«  t<dg««(. 

It  do***  not  dlasolre  in  umiir  wtthoat  d<>«ompOfiritiofi :  cold  wat«>r  and  ds^mp  air  de- 
rompoM?  it  ilowljr ;  boiling  w»ter  dtMolr«>«  it  completely,  decomposmg  it  however  into 
nnlhvb<?  alcohol,  Hhjrli<'  alcohol,  and  oxalir  add.  Potonh  deeoinpo«e«  it  immr^liately 
without  fhr  aid  of  heal.  Ammonm  abo  deconipoiu*f  it  rapidly*  forming  a  precipitate  of 
OKatnlde. 

Ethtioxauc  Ann,  C^H'O*  •  C»n(C*H*)0<.  Oxaiovinic  mid.  Acid  oxttfaU  of 
fthtft  (Mitichi^rlich,  Pogg,  Ann.  xacsiii  332). — The  potamsium-aalt  of  this  acid 
\h  proiiueetl  by  Adding  to  a  nolution  of  oxalic  cth^r  in  abaolute  alcohol,  a  qtiuiitity  of 
nlcoholic  pofnifh  less  thnn  Huffirient  to  form  oaiilnte  of  potassium ;  and  oti  diAoolving 
ibis  aalt  in  hydmted  alcohol,  carefnllj  satuniting  with  sulphuric  acid  and  nctitmlising 
with  carbonate  of  l^ad  or  barium,  thfi  i-thyl-oxiiliiie  of  lend  or  barium  is  obtniiicd. 

The  acid  itsi'lf  i»  prepared  by  decomposing  eithor  of  theso  j^iIIb  with  sulphuric  acid  ; 
but  it  ia  very  unrtablo  and  if  deeamposed  by  concentration  into  alcohol  and  oxalic  acid. 

The  patoMtMm-ioff,  C^C'H*}KO\  fbrma  cryatalline  scales  which  begin  to  dc*comtMNie 
towarda  HKT**. 

Pentachlttreihyloxalie  Gfid  or  Ckloroxalovinic  acid,  C*HC1*0*  (Mala- 
puti.  Ann*  Ch.  Phm  (2]  Ixxiv-  308),^ — Thifl  compound  ia  not  produced  by  the  action 
of  cblcirinc  on  elhyl-oxahc  acid,  but  I.  In  the  deeompoeition  of  percMoroxttlic  otber  by 
alr«jhol  (p,  270).— 2,  When  ch!on>iethide  ia  treated  with  cold  aqneona  solutions  of  the 
fixed  alkalis. — 3.  When  peutaehlorinatcd  oxam.'vte  of  ettiyl  is  treated  with  aqueous 
ammoniii  *, 

C*NH*C1*0*    +      H'D       =       C\NH*)C1»0*. 

It  may  be  prepared  by  placing  the  hiKt-montioned  compound  in  contact  with  aqueous 
ammonia  till  it  is  completely  dissolved,  and  evaporating  m  vacuo,  whi'rt'by  crystallised 
eliloroxiilovinat*'  of  ammonium  ts  obtained.  Thiu  «alt  ifldi»M>lvr^  in  Wiitir;  the  solution 
mix^Kl  with  carbonate  uf  sodium  and  eraptratc^d,  first  on  n  sand-bath,  aflerwardif  in 
T:it'uo  orer  oil  of  vitriol ;  the  chlopoxnlovinate  of  sodium  ia  extracted  from  the  residue 
by  Absolute  ulcohol ;  the  soda  pn>dpitated  from  this  solution  by  the  exact  quantity  of 
811  tj>h  uric  acid  required;  the  liquid  filtered;  any  excess  of  sulphuric  acid  that  it  may 
ctititjiin  precipitaeed  by  barj-ta-water ;  the  liquid  filtered  again;  and  the  alcoholic 
solution  of  chloeoxalovinic  acid  e«mporated  to  the  cry stallisuig  point,  first  over  the 
watcp-lwitb^  and  then  in  tacuo. 

It  forms  colourless  needles,  whi4*h  melt  at  a  gentle  bett;  has  a  burning  taste,  and 
forms  a  whit'  spot  on  ibe  tongue;  if  placed  for  a  while  un  the  bsck  of  the  hand,  it 
produces  violent  ptiin  and  a  white  spot  surrounded  with  an  infltimed  ring.  Itdiasolraa 
in  all  proportions  in  unftrr  and  deliquesces  very  quickly  in  the  air.  It  dissolrea  also 
in  tUcoAol  and  in  ether. 

The  amtttattiuni'Saft  is  crystalline ;  may  be  fused  without  doeomnoaing;  tastes  rery 
bitter  and  pungent ;  hjis  a  f^int  acid  reaction.  When  heated  to  tne  boiling  point,  it 
deeomposes.  without  i^vohing  ammonia,  and  gives  otif  thick  Tapoura  smelling  of  acetre 
acid.  It  deliqucjucos  and  turns  yellow  in  the  air,  but  becomes  white  sgain  when  dried 
in  TACuo. 

Malaguti  has  described  a  substance  wliicb  he  calls  aithjjfdrout  chlomxalotffnic  and 
or  ehtoroxeihidet  (X!1**0',  but  which  appears  to  be  merely  a  liquid  modification  of  the 
prrcetlinir.  It  is  obtained,  among  other  products,  by  the  action  of  alcohol  on  perehfor- 
cj-alii*  ttkff  (p.  270).  It  is  quite  neutral  when  newly  prepared*  but  quickly  turns  add  by 
euritact  with  moist  air.  It  tmils  at  200^,  becoming  coloured  at  the  same  time.  It  is 
iTWjlnble  in  water,  but  soluble  iu  alcohol  and  in  ether.  Ammonia  convert*  it  into 
chloroxanietJuine. 


Oxalate  of  lEttijteti^. 


Cai^O^  «  (c'H*r(*^'-  ^->''''''f<"  «/^'^«>^— This  eom- 
Ddund  appears  to  be  produced  by  the  action  of  liromide  of  ethylene  on  oxjOate  of  silver. 
By  exhausting  the  prtxlin  t  with  eTh»*r,  treating  the  ethereal  ssolution  with  slaked  lime, 
and  f'vnfKJruting  the  filtnite,  a  liquid  was  obtained,  having  a  |M-culiar  sweet  tatte,  in* 
soluble  in  wtilrr,  lM>iliu^j  with  decomposition  st  a  high  temp«»mture,  and  yielding 
oxamido  when  treated  with  nmmoiiia.     (Wurt2,  Ann,  Ch.  Phyn.  [3]  Iv.  400.) 


OiMlatea  of  MethjL     NitiTn.n   JfiTiiYiic  Oxalate,   C'H*0* 


( CH')-  r 
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(Dumas  and  Peligot,  Ann.  Ch. Phys.  [2]  iTiii.  44. — Weidmann  andSehweizer, 
Pogg.  Ann.  Ixiii.  602. — Wohler,  Ann.  Uh.  Phann.  Ixxzi.  376). — This  oompoand  is 
obtained  by  distilling  a  mixture  of  equal  parts  of  sulphuric  acid,  oxalic  add,  and  wood- 
spirit  ;  or  by  drenching  I  pt.  of  salt-of-sorrel  with  1  pt.  wuod-spirit  and  1  Pt.  ml- 
phuric  acid,  leavinff  the  mixture  to  stand  for  some  time,  and  then  aistilling.  Tomida 
the  end  of  the  distUlation,  methylic  oxalate  passes  over  nearly  pure  and  eryatalliaea  in 
the  neck  of  the  retort  The  liquid  product  which  first  passes  over  also  yields  ciyatal- 
lised  methylic  oxalate  when  left  to  evaporate. 

Methylic  oxalate  crystallises  in  colourless  rhombic  tablets,  melts  at  61^,  and  boils  at 
161°.  It  is  soluble  in  water,  alcohol,  and  ether,  but  the  aqueous  solution  quiddr  de- 
composes into  oxalic  acid  and  methylic  alcohol.  The  same  decomposition  is  pzodnoed 
still  more  quickly  by  caustic  potash  or  soda.  With  aqueous  ammonia  it  yields  ozamide ; 
with  gaseous  ammonia^  methylic  oxamate  (oxamethylane) ;  with  sine-ethyl  it  jieldM 
methylic  diethoxalate  and  homologous  compounds  (tif/ra). 

Chloromethylic  oxalates  Q/Lhlt^ftuti,  Ann.  Ch.  Phann.  XTgji.  49). — Chlorine 
gas  acts  very  slowly  on  fused  methylic  oxalate  in  diffosed  daylight,  forming  a  liquid  mo- 
duct  which  appears  to  be  dichloromethylic  oxalate,  C«HKn*0*  «  C^CSHCITPO*, 
insamuch  as  it  is  immediately  resolved  by  water  into  carbonic  oxide,  oxalic  mdd,  and 
hydrochloric  acid : 

C*H«C1W     +     2HH)       -       2C0     +     C«H«0«     +     4HCL 

In  sunshine,  chlorine  acts  more  stronsly, product ns  nacreous  laminn  of  trichloro- 
methylic  oxalate,  C*(CC1')K)\  which  smell  of  chloride  of  carbonyl  (phosgene)  and 
are  resolved  by  heat  into  that  compound  and  carbonic  oxide : 

c<a«o*     -     CO    +    3Coa« 

With  alcohol  they  yield  ethylic  oxalate,  ethylic  chloroibrmate,  and  hydrochloric 
acid: 

C«(CC1»)«0*     +     4C*H«0     =     C«(C«n»)«0*     +     20C1(C«H»)0«     +     4HCL 

Compounds  produced  by  the  action  of  Zinc-ethyl,  ^,,  on  the  Oxalic  ethers. 
When  the  oxalates  of  the  alcohol-radicles  are  treated  with  sino-methyl,  zinc-ctliyl, 
&;c,  ethers  are  produced,  the  acids  of  which  may  be  regarded  as  oxalic  acid'^   J^^  ^  1 0\ 
in  which  1  atom  of  oxygen  is  replaced  by  an  equivalent  quanti^  (2  at.)  of  an  alcohol- 
radicle,  or  what  comes  to  the  same  thing,  as  glycollic  acid  ^       ^  |  O*,  in  which  2  nt, 

hydrogen  belonging  to  the  radicle  glycoUyl  are  replaced  by  2  at.  of  an  aloohol-radickv 

thus: 

DimethoxaHc  or  Dimethoglycollic  acid  C*H«0»     -    [C'(CHJ)K)y>Q, 

EthomethoxaUcorEthomethoglycoUicacid.       C»H'»0«    =  [C^C^)(CH»)Or  |  q, 
Diethoxalic  or  DiethoglycoUic  add      .  C«H>«0«    =  [^(^^)*Or|o« 

Amhydroxalic  or  Amoglycollic  add     .        .       CH'*©*    -   [C*(C»fl^*)HOr|Q, 
EthamoxaUc  or  EthamoglycoUic  acid  .  C»H'«0»    -  [C*(C»H»»^)«H»)OriQ, 

DiamoxaUc  or  Diamoglycollic  acid  C»«H»*0»  =  [C^C*]^)K)]*' /  ^, 

These  adds  are  therefore  homologues  of  glycollic  add, — also  of  lactic  add  CHH)*, 
which  may  be  formulated  as  methydroxalic  or  methoglycollic  acid,  *■  ^^i'^   "^  >0* 

The  first  in  the  above  list  is  isomeric  or  identical  with  butylactic,  the  second  with  ytltro- 
lactic,  the  third  with  leudc  acid.  Frankland  (Proc.  Boy.  Soc  xii  396)  obtained 
ethylic  leucate  or  diethoxalate  by  the  action  of  zinc-ethyl  on  ethylic  oxalate,  and  tha 
ethers  of  the  other  adds  of  the  series  have  been  obtained  in  like  manner  by  Frank- 
land  and  Duppa  (Proc  Boy.  Soc.  xiii.  140;  xiv.  17,  79,  83,  191). 

The  acids  of  the  glycollic  or  lactic  series  (>H*"0*  differ  from  those  of  the  merylie 
series  C«H*"-'0'  (i.  63),  by  1  atom  of  water :  e.g. 

C'RHy      -       H«0         =         C»H*0« 

I^actic  acid.  Acrjiic  acid. 

And  it  hn»  lately  been  shown  by  Frankland  and  Duppa  (CJhem.  Soc  J.  xviiL  133), 
that  by  the  action  of  trichloride  of  phosphorus,  which  abstracts  the  elements  of  wntcr. 
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tlie  ^Lhyli^  ethere  of  the  gly^^atlic  or  luetic  sen«8  nmy  he  converted  into  the  pthylte 
ethen  ot  m  wries  of  Acids  uomeric  with  tlie  nainflil  Head*  of  the  aery  lie  serteo,  Ab  thf 
eth«n  mr»  of  «oufM  indudfd  under  the  nine  geofnil  Atrmifieal  formal*  us  the  Acidji 
themselTefl  (c«ch  ethf*r  b<^iiig  formed  fh»in  iti  corTMpomdmg  acid  by  addition  of  C*H*) 
tba  nacdon  majr  be  rrpfcscated  by  the  geni^ml  equation  : 

80HM>«     ^     PCI"       -       30H»— ^*     4^     PHH>'     +     3HC1 

€,g,ZC^'*0*      ♦     PC1»       -       SC»H'»0'         +      PHK)*     >       3HC1 
Elhylk  iKticmttm  Ethytic  «liio-  Fhovi^bor" 

eroUmiiU.  oui  nry. 

The  ethers  thtti  obtained  may  be  conTeited  into  potasintLm-  or  barium ^eftlta,  «nd 
these  into  the  oorreaponding  Aetd«,  in  the  uauiil  way.  In  thi«  m&nner  hjive  been  obtained  i 
Methncrylic  acid,  iaomeric  with  Crotonic  iu:id  .        .        C^H*0* 

Methocrotonie  ncid,  i»onieric  with  Angelic  add      .         .         ,         C^H'O* 
Ethoerotonic  acid,  iaomeric  with  Pyroterebic  acid  ,         .         0"H  '*0' 

£tbom<;thocrotonic  «K*idf  i^M^meric  with  Damaluric  acid  .         C'H'^O* 

[For  further  detaiU  reapecting  the  relatiouH  of  these  two  series  of  acida,  aJao  of  the 
ackln  of  the  acrylic  to  those  of  the  acetic  aeries^  v-e  Afpkkdix*] 

We  DOW  proceed  to  dc@<'ril>e  the  prepai&lion  and  properties  of  the  seTeral  odda  of 
the  glyoollic  series  above  mentioucd. 

L  9i«tti«xaaio.  Bitffliorlyeollia  or  Zieuole  Acid,  C"H'*0*.—  £  thy  lie  oxalate 
Irftited  with  dtue-ethyl  aud  afterwards  with  wattu*  yields  i^thylic  leucat^  together  with 
alcohol  and  hydrate  of  ainc»     The  final  result  may  be  thus  stated  i 

C*H'»0«   +   Zn"(C»H»)»  +   2H»0     =     Cm»»(C?H*)0'   +   C'H*0   +   Zn"H»0». 

The  reaction  however  takes  plaee  by  two  stages :  the  &r»t  product  in  a  solid  i*8iti- 
ous-looking  maas  eou«i^iug  of  sinc-monethyl-etbylic  leucate,  C**H*/dO*»- a 
compound  derivftd  from  oxalic  etber  by  the  eubetitution  of  2  at.  ethyl  for  1  at.  oxypen, 
and  of  1  at  einc-moQethyl,  ZnC"H\  for  1  at.  ethyl,— and  this  compound  wlieu  tre^Ltoil 
with  water  is  resolved  into  ethyHc  leucate.  alcohol,  and  jciQc-bydrmte ; 

tc«H>         l(rnC«H»)^or)  .c.H>» 


EUijUc  oaaUte. 


■i- 


2Zn 


[c«(c»H*)»ori 

ZnCH*        10* 
CH«        J 

Zinc-  )not>«  th  jl-eiby  I  tc 
leocMe. 


^     2H'0     - 


Zinc-^inoDctbyl 
eib]rllc  kucate 

[C*iC»H*fOf 

H 
CH 

BthrMc  Lruc«U. 


1< 


vthyUte. 


}o.    .    cm-Jo. 


Zinc- 


lu  this  and  in  alU  the  aoalogoos  rsactious,  it  ia  fonnd  adrantngeous  to  use^  instead  of 
Ejnc-ethjl,  &c.,  a  mixture  of  ethjlic  iodide  aod  amalgamated  zinc,  whereby  the  organo- 
Einc  compound  i»  generatc^d  dunng  the  reactioo,  and  the  trouble  of  specially  preparing 
it  is  sared  The  whol«  opration  then  proceeds  at  the  ordinary  atmospheric  pressure, 
and  a  larger  prodact  is  obtain hI.  The  firwt  sto^  of  the  reaction  in  the  production  of 
leucic  ether  may  then  be  represented  as  folfows : 


(C«H*)»  ( 


0*   -¥   4C»H*I   +    Zn* 


ZnC«H> 


}. 


4-   Zn 


ic*H»0 


+  2Zn*I« 


^^^emc^*)ojo. 


Ethylic  leucate  or  dietho^alate  baa  been  already  described  as  Ifudc  ether  (iii.  578). 
When    treated    with    iriehioridt    of  fkotfhomu^    it    yields   ethylic    ethocrotonate, 

l^T|j       L  ^*    whence   may  be  obtained    ethocrotonic 

C?'H^*0',  isomeric  with  pyroterehic  acid  {vid.  gup.\ 

Zinc-ethyl  acts  violently  on  it,  each  drop  on  coming  in  contact  with  the  ether,  even 
if  previously  cooled  by  ft  fireering  mixture,  hissing  like  phosphoric  anhydride  dropt  into 
wjiter.  The  product  of  the  reaction  is  zincmonethyl-etbylic  le»cate,  the  change  con- 
noting in  the  substitution  of  zinc-monethyl  for  hydrogen,  and  beiug  accompanied  by 
the  eTolution  of  torrents  of  ethylic  bydridf : 

C*H'»(C*H')0«     +     XB"{Cm*y     «     C*H»»(ZnC»H*)'(C*H*)0*     +     C^R*. 

Zinc-nionfthyl-ethylic  leucate  is  a  colourless  viscous  solid,  soluble  In  ether»  but 
apparently  incapable  of  oystatlisatiou.  It  nbaorbs  oxygen  with  aridity,  and  effervesces 
strongly  in  contact  vrith  water^  reproducing  leudc  ether : 

C'H»«(ZnCH*XCH>)0"   +    2H*0     -     C*E'\C*E')0*   +    C*H*   +   Zn'H'O*. 

•  See  pj(f(*  7»^ 
T 
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lodiDo  acts  Btzongly  npba  it,  prodaeiog  sinoolfliicic  ether,  iodide  of  ethjl,  mod  iodid* 

of  zinc: 


+  V 


C'E^ZD'CCTa*)*©*  +  ZnTP  ♦  2C*H»I. 


2C*H'«(ZnO«H»XC*H»)0» 

Zfoe-moiiethTl-ctbyUc 

Methylie  Duthoxalaie.  A  mixture  of  4  at  ethjlic  iodide  and  1  at  methjlk  oxalate, 
digested  with  sine  for  about  96  hours  at  30^— 60^  solidifies  to  a  mass  of  OTStals,  wfaidi 
when  treated  with  water  and  distilled,  yields  ethylie  alediol,  and  an  ether  haTing  the 
composition  of  diethoxalate  or  lencate  of  methyl : 


CH«    >0«  + 
CH«    i 

Mnbyllc  < 


4C*H»I  +   Zn«     « 


Zm 


[CHC*H*yor 

ZnC^» 

Zinc-moDethyU 
■Mthyllc  teuoae. 


h 


•I-   2HK)     » 


cH»    y 

ZiDc^moiiolhyU 
methyUc  leucau. 

Methylie  Bthylie 

hydride. 


0«H»0 


+   2Znn«. 

ettajlateT 

+   Zn'^HW. 


Methylie  lencate  is  a  colourless,  transparent,  tolerably  mobile  liquid,  haTing  a  peculiar 
odour,  not  much  like  that  of  ethylie  lencate,  sparingly  soluble  in  water,  easily  in  alcohol 
or  ether.  Specific  gravity  »  0*9896  at  16*5^.  Boils  at  166^  and  distils  unchanged. 
Vapour-density,  obs.  =  4*84 ;  calc  «  6*03. 

if  ethylie  leucate  is  easily  decomposed  by  alkaline  bases,  yielding  methylie  alcohol 
and  metallic  leucates.  The  barium-*alt,  CH^Ba^O*,  thus  obtained  is  a  aystalline 
mass  Tezy  soluble  in  water,  alcohol,  and  ether.  On  decomposing  it  with  sulphuric  acid 
and  evaporating  the  filtrate,  diethoxaUc  or  leucic  add  is  obtained  in  splenoid  crystals 
which  sublime  readily  at  50°,  slowly  even  at  common  temperatures,  and  melt  at  74*5°. 
In  these  respects  the  acid  thus  obtained  agrees  with  ordinary  leucic  acid,  and  with 
that  obtained  by  the  action  of  sine-ethyl  on  oxalic  ether ;  but  the  silver-salts  of  the 
two  acids  differ  in  certain  respects,  that  obtained  fit>m  methylie  leucate  ctystallising 
in  anhydrous  silky  fibres  whidi  are  scarcely  discoloured  at  100°,  whereas  that  obtained 
irom  ethylie  leucate  forms  brilliant  radiate  needles  containing  \  at.  water,  which  it 
does  not  give  up  at  100°,  though  it  suffers  rapid  discoloration  at  that  temperature.  It 
is  possible  therefore  that  the  diethoxalic  or  leucic  acids  obtained  by  the  action  of  sine- 
ethyl  on  the  oxalates  of  ethyl  and  methyl  respectively  may  not  be  absolntely  identical, 
but  only  isomeric. 

Ami/tic  DiethoxalaU.  A  mixture  of  amylic  oxalate  and  ethylie  iodide  in  equivalent 
proportions  dieted  with  sine  for  several  days  at  50° — 60°,  and  subsequently  treated 
with  water,  yields  in  like  manner  a  distillate  containing  amylic  diethoxalate  or 
leucate,  C"H«=0«;  thus: 


(CH)T) 
OH"  W  + 
C*H"  j 

Amylic 
oralate. 


4C«H»I   +  Zn« 


ZnC«H» 
C»H' 


|o. 


+   2HH)     - 


ZnC«H» 
C*H"        ) 
Anrlic  sfne- 
moDethylic  leucate. 

[CXC»H»)«0]'') 
H  ^O* 

C»H"        ) 

Amylic 


0«  +  Zn' 


.JC«H* 
)C»H"0 


4-  2Znn. 


Ziac-«Uiylo- 
amyUte. 


+  Zn'H'O* 


Anjllc  shic-mooethylo. 
leucate. 

Amylic  leucate  is  a  colourless,  transparent,  slightly  oily  liquid,  having  a  finagrant 
and  somewhat  amylic  odour ;  insoluble  in  water,  but  soluble  in  all  proportions  in 
alcohol  and  ether.  Specific  gravity  »  093227  at  13°.  Boils  constant]^  at  225°. 
Vapour-density  obs.  =»  6*74 ;  calc  =«  6*97.  The  boiling  point  and  specifie  gravity 
in  the  liquid  state  of  this  ether  are  almost  identical  with  those  of  its  isomer,  ethylie 
ethamoxalate  (p.  276). 

BlmetHozaUo  or  BlmetbofflsrooUio  JLotd.    OHK)*  -  f^^j^^^'lo*.— A 

mixture  of  1  at.  methylie  oxalate  and  4  at.  methylie  iodide  treated  with  amalmmated 
sine  as  above  described,  solidifies  to  a  yellowish  gummy  mass,  which  when  ontiUed 
with  water,  yields  methylie  alcohol,  and  leaves  a  residue  of  iodide,  oxalate  and  dimethox- 
alate  of  zinc.  The  reaction  is  doubtless  exactly  similar  to  that  of  sine  and  ethylie 
iodide  on  ethylie  oxalate  (p.  273),  and  might  be  represented  by  perfectly  similar 
equations,  substituting  methyl  for  ethyl ;  but  the  resulting  dimethoxalate  of  methyl 
uppcarti  to  bo  very  unstable,  and  to  be  decomposed  by  the  hydrate  of  sine  as  fiut  as  it 
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ii  formed,  &Dd  conTetted  into  dimethoziitAre  of  tiiic,  C*H'*Zn''0*.  Thi»  ziac-nalt 
Ireuted  with  iMwytit-wKter  jialdii  dimethoxjikta  of  barium,  C*H'*Bh''0*,  wljicli  cry§- 
tAlliMS  in  hfiUiant  nntdlei,  neotml,  hsring  the  odour  of  fr&ih  butter,  very  aolubla  in 
Wat  IT  ftud  alcohol,  oearlr  insoluble  in  ether. 

pimetkojtalie  acid,  C*n*0*^  obtained  by  decompovbg  the  barium-aalt  with  sulphurie 
iwid  and  agitating  th*  filtrate  with  ether.  GfyvtaUUMii  by  evaporation  in  Uig*?  prism  p. 
meltf  at  767^  and  8iiblime§  at  50°  in  very  fine  priimatic  ciystala;  boiU  at  212'^  and 
diatili  nncbangNi*  It  is  Btronglj  acid  and  ea«ily  unit««  with  baaea,  forming  crvBtal- 
lta»  Malta.  The  siltKr-saii,  CJa'AgC,  cryitaMisea  in  etelhite  groups  of  na^^ut 
ecalet, 

3.  BtliametliouaieorBttioiiiethoflTcolUo  A«ld,C^H**0>»  C»(C'^)(CH»)0  J^, 

^The  et hylic  ether  of  this  add  ia  obtaineti  by  the  action  of  zinc  on  a  mi^ttore  of 
ethylic  oxalate  witii  methjlic  and  ethylic  iodides  in  equiTaknt  proportiona.  The  in- 
action takes  pLice  aa  shown  by  the  equations : 


I*  J 


C»H* 

Ethjik  oul*t«* 


+  2CH»I  +   2C«H*I    ^  Zn«     - 


}. 


[C\CH«XC'H»)Or 
ZnCH» 

ZlDC-m«mofn«Clirl-ethi>. 
methoxalnte  ofHbf  1« 


jo. 


+    Zn 


JC»H' 


^  2ZnI». 


Zloc-etbylo- 


[C*tCH»)(C*H*)0]' 
C*H* 

ElhTlic  etho- 
faethoaaijil*. 


h'  *  Ti 


>  Zn^H^C. 


[C«(CH»XC*H*)OT 

ZnCH»  J^O*   +   2H»0 

Zl  nc-maCMnech  J  l-eiho- 
mvCboftaUte  o<  etb|K 

Etliylic  ethomethoxalate,  C'H'H)*,  is  a  colourless,  traniparent.,  mobile  liquid  possnesbg 
a  prni*r rating  ethereal  odour  much  like  that  of  leucic  etiiCT.  It  is  very  soluble  in  water, 
alcohol,  and  ether,  Speeiflo  gravity  «  0  9768  at  13^  Boils  nt  16d6^,  Vapoiir- 
densilT,  oba.  **  4'98 ;  ealc  «  6'04.  It  is  eaaily  decomposed  by  ai^ueous  solutions  of 
the  alkalis  and  of  baryta,  Trirhhritfr  of  pkosphonm  OOaTerts  it  inta  the  ethylic 
tether  of  raethocpotonic  acid,  C*HK)*,  isom trie  with  angiUe  acid  (p,  273). 

EthomdhoxaiaU  of  Barium^  C'«H"Ba''0*»  is  very  soluble  in  water,  and  crystallises 
fi\>in  aqueous  solution  as  a  beautifally  radiated  mass  having  a  silky  lustre. 

EtkotnethoxalaU  of  Hydrogm^  or  Et/kmntkojralic  and,  CH'^O*,  is  obtained  by 
evaporation^  first  in  a  retort,  afterwards  in  vacuo,  as  a  splendid  white  crystalline  masa. 
mf*lting  at  63^,  subliming  readily  at  100^,  and  condensing  on  a  solid  surfiice  in 
ma^ifioent  star-like  groups.  It  boils  with  decompoeition  at  190".  It  dissolves  very 
easily  in  water,  alcohol,  and  ether ;  small  fragments  of  it  thrown  on  water  rotate  like 
caraphor  whilst  dissolving.  The  solutions  are  strongly  add  and  easily  decompose 
carbonates. 

Ethovutkoxahtt  of  Siiwr,  (?H*AgO*,  crystallises  in  splendid  mammellated  ] 
moderately  soluble  in  water. 

[C>H(OH")0r 

— Thfl  ethylic  eth^r  of  this  acid  is  produced,  together  with  two  others,  by  the  action 
of  zinc  on  a  mixture  of  ethylic  oxalate  and  amylic  iodide.  When  a  mixture  of  these 
etht  rs  in  equivalent  proportion  is  digested  with  grantilatcd  zinc  at  70°,  the  due  is 
gradually  distiolved,  while  much  smylic  hydridi*  and  amyb^ne  are  given  off.  The 
mixture  finaUy  assumes  a  viscous  or  semisolid  condition,  and  when  treated  with  water 
yields  a  fiathor  quantity  of  amylic  hydride  which  distils  oflF  at  a  gentle  heat.  On  in- 
creswing  the  temperature,  water  parses  over  accompunied  by  amylic  alcohol,  amvlic 
iodide,  and  an  ethereal  liquid  which,  after  drying  with  chloride  of  calcium,  begins  to  Wl 
at  132°»  the  product  whic'h  fir^t  passes  over  oonsisting  principally  of  amyUc  alcohol 
mixed  with  amylic  iodide.  Aflerwaids  the  thennometer  rises  rapidly  to  200^, 
between  which  tempcTHt lire  aud  205°,  ethylic  a mhydr oxalate,  C"H"0',  pnases 
over.  A  second  rapid  rise  of  temperatare  then  occurs  till  the  thermometer  remains 
stationary  b€twpen  222*^  and  226^,  at  which  temperature  ethylic  ethamoxalate, 
^uUttQ*,  passes  over.  Lastly,  the  temperature  nAM  to  260°^264^,  between  wbtdi 
points  ethylic  diamoxalate,  C**H**0\  distils  over.  These  several  etbers  are 
ftirtber  purified  by  repeated  fractional  distillatioa. 


4.   AmbFdroxalle  or  Amo^lyoolUo  A43ld.    C'H"0* 


>■• 


T    2 
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Th<>  formation  of  ethvlie  amhvdroxyUte  is  reprcMnted  bj  thtt  eqaatioH^ 

C«H*   >0«  +  40WI  +  Zo»  -  ZiiC*H"  >0«  +  ZnJ^^^  ♦  «ZiiI« 

[C«(OH"XZnC»H")0r) 

ZnC»H"  }0«  +  4H«0  - 


The  oomponnd  C>*H""Zn''0'  formed  in  the  fint  stage  of  the  reaction  cuuaiata  of  osalie 
ether  in  which  an  atom  of  ozjgen  is  replaced  half  hj  amyl  and  half  bj  sinc-momBiyl, 
whilst  a  second  atom  of  ano-monamyl  is  snbedtnted  for  one  of  etl^L 

C«H(0»H>')0) 

Etkylie  amkydroxalate,  CH>*0*    =»  H  VO*,  is  a  aomeidiat  o^f  ,  tniw- 

C*H*      ) 
parent^  slightlj  straw-coloured  lii^uid,  of  specific  jnaTitj  0*9449  at  18®«  haring  a 
pleasant  aromatic  odour  and  burning  taste.    It  bods  at  208®.    Yvgofor-^auitj,  Sm., 
-   6-47  ;  calc   «  60. 

AmhydroxaUUe  of  Barium^  CP*H"Ba''0',  OTstallisea  in  large  beantifbl  narcreoas  aealea 
like  paraffin,  modoatelj  sobible.  The  ealeium-wU,  G^^BKtTQ^,  forms  a  white  oys- 
talline  mass. 

The  kydro^en-talt  or  amhydroxalic  acid,  C^'K)*,  prepared  from  the  aine-aalt  which 
is  contained  in  the  residue  remaining}  after  the  distulatum  of  the  three  ethen  abore 
described,  is  bnt  sparingly  soluble  in  water,  from  whidi,  howerer,  it  OTatalliacB  in 
beautiftil  nacreoos  scales  whidi  melt  at  60*5^,  but  afterwards  remain  Uomd  for  aome 
time  even  at  ordinarjr  temperatores ;  they  are  very  anctoooa  to  the  toodi,  and  easily 
solnble  in  alcohol  and  ether. 

The  copper-salt,  CP*H**Cn''0*,  is  depoeited  from  its  aqoeons  solution  in  ndnvte  light 
blue  scales^  Tery  sparingly  soluble  in  water. 

C.>««»»Ui.or>«.».«l^lll«A«M.CH-0'  _[0\C^^ff.)Or|o. 

—The  ethylic  ether  of  this  add,  C'lH^O*,  is  the  portion  cithe  ethereal  distOlate  abore 
mentioned,  which  boils  between  222^  and  226®.  Its  formation  is  repwented  hj  the 
equations : 

CO')  [(?(C*H»XZnOH")0r)  ,o.h» 

CH|^0»  +  4CH"I  +  Zn«  -  <?H|  M)«  +  Zn-|5f„Q  +  SZnl'. 

[b?^.^|nO.H..)Orjo.  ,  2ffo     f^' 

C«H»  i  ^    > 

BUiylic  etham- 


Ethylic  ethamoxalate  is  a  straw-ooloured  oily  liquid,  baring  an  animatie  bnt 
somewhat  amylic  odour  and  a  burning  taste.  Specific  gravity  »  0-9399  at  13°. 
Boiline  point  between  224°  and  225°      Vapour-density,  obs.  »  6*29 ;  calc   ^  6*92. 

By  decomposing  this  ether  with  idcoholic  potash,  adding  sulphuric  acid  in  ezoess^ 
and  treating  the  product  with  ether,  etharaoxalic  acid  is  obtained  as  a  thick  oU, 
gradually  solidifying  to  a  czystalline  mass.  The  barium-salt  contains  C*'H**Ba''C>* ;  the 
tUver-aait,  C»H"AgO». 

6.  91amosaUeorlMamoglje«IltoJLotd,C'*HK>*  -   ^^^^'^^*|o.— The 

ethylic  ether  of  this  acid,  C'^H**0',  is  contained  in  the  last  portion  of  the  ethereal  dis- 
tillate resulting  from  the  action  of  zinc  and  iodide  of  amyl  on  oxalic  ether.  Ita  forma- 
tion is  represented  by  the  equations : 

C«H»  V0«  +  4C»H»I  +  Zn^  -        ZnC*H"      >0«  +  Zn'-JJ^.S^  +  2ZnP. 

EthTlic  Ethjlie  Bine-  Zlne-«mylo- 

oxaLite.  monamrl-dtom-  ettijiste. 

oxalate. 

ZnC»H"       V0>  +  2H«0  «  H  ^0«  +  ^^   {    +  Zn''H«0«. 

Ri hylic  sine  mon-  Ethylic  di- 

amyi'diamosaiata.  amoxalatc. 
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WApHe  dkrfmmii4iif  Im  moiv  Tiseid  than  the  two  Ust-dt^neribed  etbers,  anil  km  I  he 
lowest  -HfM'citic  gniTity  of  noy  *'ther  l»elonpng  to  Uiii  imei,  ite  drnsitj  at  13'^  beting 
uuly  0  9i;t7<  In  i»et  the  0{>«<!tftc  gmvitiee  of  aU  thcfl«  ethen  decfesM  aa  th^ir  atomic 
lAtnghUi  iDcreaiiff.  Their  TBponn  also  exhibit  a  ti-ndetic^  to  di«sociatioD,  ixicrpa&ing  with 
I  he  weight  of  the  «tom«  which  replace  tho  oxjgen  in  oxiiHc  ether,  whence  there 
»ni»e»  iko  incTBasing  dirersence  between  the  obaarred  and  calculated  Tapour-deDsitiej^. 
Tht«  Tapour-deDsitj  of  ethjlic  diamoxal»te  ia  hj  expmmexit  6*4,  by  calculation  only 
6i».     Boiling  point  about  262^ 

DutmogahU  of  Barium,  C'H  '•Bji''C>'  obtained  bj  decomposing  the  ether  with  baiTta- 
waten  riratallisee  in  uiinuto  t^Iaatie  needles  having  the  appearance  of  wool  when  dry. 
It  is  rnoaemt^Iy  lioluble  in  hot,  upaiingly  in  cold  ^ 
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Diufnoxalic  itcui,  obuined  by  decompoBing  a  soiuHon  of  the  baritim^Balt  in  hot 
lute  alcohol  with  salphurie  acid,  and  eraponting  the  filtrate.  cnrKtallises  in  colourless 
ealtny  fibre«,  insolublt:  in  watt^r,  but  aolobJe  in  a&obol  and  ether.  It  melt4  at  122^, 
and  (H.>lidifie8  immediately  after  a  very  slight  reduction  of  temperature.  At  a  stronger 
hodt  it  ftubhmei  and  ooodenscs  on  a  eoM  surface  in  white  crystalline  fiakea  like  snow. 

7.  Action  0/  Zinc  on  a  mixture  of  Aaijfiic  aiealatc  and  Afnylic  iodide.  When  these 
etherv  in  equivalt^nt  quantities  are  gently  heated  with  sine,  a  brtik  reactioD  loonsets  in, 
itiucU  am^iic  hydride  and  um^lene  are  evolTed,  and  the  whole  soUdiflee  to  a  gum-like 
leia^,  which  when  distilled  with  water  yields  an  oily  liquid  resembling  that  obtained 
whi-ii  ethylic  oxalat'i^  is  used,  and  in  all  probability  containing  a  series  of  amylic  ethers 
itaalogous  to  the  ethylic  ethen  described  under  4,  6  and  6  ;  but  it  has  not  yet  been 
found  possible  to  separate  thcrm.  their  boiling  points  being  so  high  that  they  decompose 
when  an  attempt  is  made  to  distil  them. 

XatiTe  fenoof  oxalate^  also  called  ffttmhotdtitu  (p^  258), 

^Mm    Syn.  with  Mbthtlsthyuc  Oxu^tv  (p.  271  )> 

OXil-^OVXSXC  ACX3I.    Syn.  with  E'nrrLOZAUo  Acm  (p.  271  )w 

OJLftJ.xnuu»iia.       O^ahn,     CWNKH     »     '^^^'^Jn    or      (00rVK» 

(Kosing  and  Schischkoff,  Ann.  Ch,  Pharm.  cri  266. — Liebig,  ibid.  criiL  128.^ 
St  r  e  c  k  e  !■«  ibid.  cxiiL  47  ). — A  compound  obtained  as  a  white  precipitate  together  with 
dialuric  acid^  by  the  aotion  of  ammonia  and  hydrocyanic  add  on  alloxan : 

2C*H»N*o*  ^  mo  ^  mp   ~   cm*wo*  +  c*h*n»o«  +  coi 

AltoxMi.  OkAluramlde.        Dlalurlc  acid. 

Firebably  also  by  the  action  of  anhydrous  ammonia  on  parabanic  acid : 
C^H^^'O"   H^   NH>     =     C*H»N*0*  (Strecker), 

It  was  first  prepared  by  Rosing  and  Schischkoff,  who  called  it  oxalan,  and  asaigiied 
to  it  the  formula  C**H**N"0".  Its  formation,  however,  appears  to  haTe  been  pre* 
viously  observed  by  Liebig«  and  an&lyses  of  tt  subse^juently  made  under  his  dlrv^ction 
do  not  agree  with  Hosing  Mid  Schischkoff's  formula,  but  show,  in  aooordance  also  with 
Strieker's  analysts^  that  the  body  has  the  composition  of  ozalnrimide : 
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Strf<?ker  has  also  shown  that  the  hydrocyanic  acid  takes  no  part  in  the  reaction,  further 
than  as  a  sort  of  fermenU  and  that  the  whole  of  it  may  be  recoverfd  from  the  liquid 
filtered  from  the  pn^cipitiitc  of  omiluraroide, 

Oxaluramide  is  a  white  cry«tdliu<*  powder^  insoluble  in  cold  ttatrr,  but  disfloIviHi 
and  decomposed  by  prolonged  boiling  with  water,  with  format  ton  of  oxalurate  and 
oxalate  of  ammonium.  When  boiled  with  caustic  alkalis,  it  gives  off  ammonia  and  yields 
an  oxalate.  It  dissolTes  complf^tely  in  strong  ttdpkurie  onV,  and  according  to  Strecker 
is  precipitated  from  the  solution  by  water,  in  its  original  @tate.  According  to  Bosing 
and  SchifrchkoffI  on  the  other  bund,  the  body  thus  precipitated  is  a  product  of  decom- 
poaition,  contnining  C"H'*N**0^*j  moreorer  the  dilute  solution  from  which  this 
i-ompound  has  sepamted  deposits  after  a  while  large  colourles^M  pri^^ms  coutttining 
CT»H'"'N*0*  According  to  Strecker*  however,  this  last  body  is  nothing  but  alloxantin 
(C*H''NK>^'*),  formed  by  the  action  of  the  acid  on  dialurateof  ammonium  udheriugtothe 
oxaluramid<«. 
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A  solution  of  alloxan  mixed  with  hydrocyanic  acid  yields,  on  addition  of  ethyl- 
ami  ne,  phenylamine,  &c.,  preeipitat«8  resembling  oxaloramide  and  ooosisting  of 
ethyl-oxaluramide,  C»H«(C«H*)N«0«,  phenyl-oxaluramide,  0»HXC«H»)NK)», 
&c.    (Strecker.) 

The  last-mentioned  body  is  identical  with  that  which  Lanrent  and  Oerhardt 
obtained  by  heating  parabanic  acid  with  aniline.  It  is  a  white  slightly  nacreous 
crystalline  powder,  composed  of  well-defined  microscopic  needles,  tasteless  and  inodoroos, 
insoluble  in  boiling  water,  nearly  insoluble  in  boiling  alcohol ;  it  melts  at  a  high  tempe- 
rature, and  decomposes  when  still  more  strongly  heated,  giving  off  very  acrid  vapours 
containing  cyanogen-compounds.  When  slightly  heated  with  potash,  it  gives  off  aniline 
and  ammonia.  It  dissolves  easily  in  sulphuric  acid,  the  solution  when  heated  giving 
off  carbonic  anhydride  and  carbonic  oxide,  without  blackening:  and  the  product*  if 
exposed  to  the  air,  graduallpr  becomes  filled  with  crystals  of  acid  sulphate  of  ammonium, 
and 3neld8,  when  diluted  with  water,  the  reaction  of  phenyl-sulphuric  add.  (Laurent 
and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  177.) 

OXJLM»UMJkMTMJ3^m.    Syn.  with  Phbntl-oxaluramidb  (vid,  ncp.). 

OXA&USXC  ACIB.  C*fl*N*0*.  (Liebig  and  Wohler,  Ann.  Ch.Phann.  xxvi. 
287.) — ^When  parabanic  acid  is  heated  with  aqueous  ammonia,  it  is  converted  into 
oxalurate  of  ammonium ;  or  carbonate  of  calcium  dissolved  in  aqueous  pumbanie  add 
yields  oxalurate  of  caldum.  Oxalurate  of  ammonium  is  also  formed  hj  the  action  of 
oxyeen  on  an  a(^ueou8  solution  of  murexan  (see  Mubbxan)  ;  and  by  adding  ammonia  to 
a  solution  of  unc  add  in  warm,  veiy  dilute,  nitric  add.  The  ammonium-salt  is  dis- 
solved in  warm  water,  and  the  oxaluric  add  predpitated  by  a  mineral  add,  washed  and 
dried  (Liebig  and  Wohler).  Lastly,  oxaluric  add  is  produced,  together  with 
guanidine,  parabanic  add,  xanthine,  and  urea,  by  the  action  of  h^drochlone  add  and 
potossic  chlorate  on  guanine.     (Strecker,  Ann.  Ch.  Pharm.  exviii.  151.) 

Oxaluric  acid  is  a  white  crystalline  powder,  which  has  a  very  add  taste,  and  reddens 
litmus.  It  neutralises  alkalis  completely.  It  is  very  sparingly  soluble  in  cold  water : 
its  aqueous  solution  is  decomposed  by  boiling  into  oxalic  add  and  urea : 

C«H<NK)*  +   H«0     -     C*H*0*  +  CH*N«0. 

Oxaluric  add  is  monobasic  The  amT/umiumsidtf  0'H'(NH*)NK)\  ibms  dDcy 
anhydrous  needles,  readily  soluble  in  hot  water  (Liebig  and  Wohler).  The 
harium-salty  C*H*Ba1^H>*.2H'0,  is  obtained  by  predpitation  in  long  cokmrless  needles, 
often  intersecting  one  another.  It  gives  off  its  water  at  130° ;  the  cratals  dissolve  in 
638  pts.  water  at  9°  and  66  pts.  at  100°.— The  calcium-Mlty  C«d«Ca'^H)».2H«0. 
obtained  in  like  manner,  ciystailises  in  colourless  needles,  soluble  in  483  pts.  watw  at 
16°,  and  in  20  pts.  boiling  water  (P.  Waage,  Ann.  Ch.  FhamL  exviii  /M)l). — The 
Hlver-salt  is  obtained  by  adding  oxalurate  of  ammonium  to  nitrate  of  silver,  as  a  flaky 
predpitate  which  dissolves  in  hot  water  and  separates  on  cooling  in  long  silky 
anhydrous  needles  (Liebig  and  Wohler).  The  todivm-^dU  separates  as  a  crvstaUine 
powder  on  mixing  a  dilute  lukewarm  solution  of  sodic  carbonate  with  a  solution  of 
alloxan  containinga little  pmssic  add.  It  is  much  less  soluble  in  water  than  the 
potassium-salt    (Waage.) 

Oxaluric  add  may  be  regarded  as  an  uridic  acid  analogous  to  the  amic  adds: 
C^<N«0*  «  oxalic  add  +  urea  —  H*0,  just  as  oxamio  add,  C»H*NO"  =  oxalie 
acid  +  ammonia  —  IPO.   (Gerhardt  and  Laurent,  Ann.  Ch.  Phys.  [3]  xxiv.  176.) 

F.  T.  a 

OZAXiVnroiKBTBTXiZBB.    Syn.  with  Mbthtl-Ethtuc  Oxalatb  (p.  271). 
OZABIXTBAVB.    Syn.  with  Ethtuc  Oxamatb  (p.  280). 
OXAMBTBTZJLra.    Syn.  with  Mbthtlic  Oxamatb  (p.  2811 

0»H^0«     -     (CK)')"  Vg.    (Balard,  Ann.  Ch.  Phy^  [3] 
H      ) 

iv.  93.— Bacaloglio,  J.pr.Chem.lxxxi.369.—Toussaint,  Ann.  Ch.  Pharm, czx. 237.) 
— An  add  produced  by  the  dehydration  of  add  oxalate  of  ammouium.  This  salt 
when  heated  in  an  oil-bath  to  about  230®,  gives  off  water,  carbonic  oxide,  and  carbonic 
anhydride,  then  carbonate  and  cjranide  of  ammonium,  and  if  the  distillation  has  not 
been  carried  too  far,  a  reddue  is  left  consisting  almost  entirely  of  oxamide  and  *wt»iw 
add.     The  formation  of  the  latter  is  represented  by  the  equation : 

C»H(NH*)0*    -    H«0     -     C»H«NO». 
The  acid  residue  is  treated  with  cold  water ;  the  filtered  solution  is  neutralised  with 
ammonia  and  precipitated  by  a  saturated  solution  of  a  barium-salt ;  and  the  rc«alting 
crystalline  precipitate  of  oxjimate  of  barium  purified  by  solution  in  boiling  wnter 
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(dcAotofiiilig  with  animnl  churco&l  if  nftoeesArj)  and  dystAilisatioii.  Tbe  cirBtals  hto 
tht*ii  deoompoACil  with  an  e<:|uiv&leiit  quAutity  of  very  dilute  suIpbuTic  acid,  axid  the 
ftliBite  If  ©vaponitiKi  to  the  (^fctaUisiug  point. 

The  ftcid  tnAjr  also  be  obtained  by  decompodjig  the  ailrer^salt  with  dry  bydrocMorio 
nt'td  gM,  ti«atuig  the  product  with  boiling  ■Beolute  alcohol,  and  evaporating  the 
aitmte. 

Oiamic  add  ia  also  prodnoed,  aaan  ammomaci'fialtf  by  boiling  oxamida  with  aqueout 
ammonia : 

C»fl*N«0*  +   HK)     =     C«H«(NH*)NO». 

AtttT  the  boiling  haa  be«i  continued  for  »ome  time,  the  ammonia  being  always  kppt  in 
f  xc«8«,  the  solution  on  cooling  d(*posit«  nothing  but  groups  of  slender  prisms,  (^onaiating 
of  HmmofliuEKi-cixaiiiate ;  and  the  8aturnt<>d  ^lutiou  of  this  salt  mixed  with  strong 
hydrtjohloric  acid,  and  left  to  itoelf  for  tvrolre  houra,  deposits  oxamte  acid  as  a  white 
jwwder,  which  may  be  washed  with  cold  water  and  left  to  dJ7  at  the  ordinary  tempera- 
turf.     (ToUBfittiQt«) 

Oxamic  add  ia  a  white  rrystalline  powder  sparingly  soluble  in  cold  water^  still  lass 
soluble  io  alcohol,  insoluble  in  ether.  Aeoordin^  to  Touaaatnt,  it  diasolvea  in  68  pta. 
water  at  18*^  j  in  another  experiment  with  the  acid  separated  fit>m  mercurous  oxJimate 
he  found  that  it  required  71  pte.  water  at  14**  to  diaaolTe  it.  By  boiling  with  water  it 
is  quickly  concerted  into  acid  oxalate  of  ammonium.  Heated  with  caustic  alkalis  or 
with  acida  it  is  resolred  into  ammcmia  and  ox&Uo  add.  It  melts  at  173°,  and  is 
dcoum posed  into  water,  oxamide  and  Ibrmie  acid.   (Tonssaint) 

UxAMATKS.  Oxamic  acid  is  monobasic,  the  formula  of  ite  salt«  being  CH^XNO* 
or  C'H*\rN*C>*,  according  to  the  atomicity  of  the  metal.  The  ammtmium-mti 
C'H\NH*)NO'  forms  stelhite  groups  of  Bmiill  anhydrous  prism?,  which  according  to 
Sell  arm  out  (Jabresb.  1&S7,  p.  2BS)  are  monoclinic,  exhibiting  the  comhiacition 
ooP  .  [  onP2]  .  [  aoPao  ]  .  oT.  The  cliDodiagonal  is  to  the  orthodiagonal  as  0*6489  : 1. 
Angle  of  indined  axes  s  64^  23' ;  ooP  :  ooP  in  the  dinodiagonal  prineipnl  Miction 
=  Uy^  20' ;  [  xP2]  :  [  wP'i],  in  the  same  »  81°  T;  oP  i  ooP  =  Ul<'  56\— The 
btirtHm-ioit,  C*H*Ba  N*0*,3I1'0,  is  a  c^stAlline  precipitate  which  giTca  off  its  water  at 
loO^  (Balard).— The  cupric  salt,  C*H*Cu"N*0*.H*0,  is  obtained  by  predpitation  na 
a  blue  gmnular  powder  soluble  in  hydrochloric  add,  less  soluble  in  water  and  in  nitric 
aci<i  The  hydrochloric  add  solution  of  the  predpitate  ia  eoloured  blue  by  potash, 
but  predpiiAted  only  at  the  boiling  heat  (Bacaloglio). — The  Jerroua  »alt, 
C'II*Fe"N'^0*.H*0,  forma  yellow  mierosoopic  cnrstala.  Eooently  predpitaled  ferrie 
hydrate  diasolTes  in  boiling  aqueoua  oxamic  add ;  but  the  solution  decomposes,  liki^ 
the  oxalate,  on  exposure  to  the  siukBhine,  fofming  a  yellow  predpitate.  The  solution 
of  ferrie  hydrate  in  add  oxamate  of  potassium  depOHiCs  green  crystals  on  cooling 
(Bacaloglio).— The  meutnU  kad^aalt,  C*H*Pb"N*0*.H«0,  is  white,  crystalline,  spai^ 
inely  soluble  in  cold,  more  easily  in  hot  water ;  the  aolution  has  an  acid  reaction.  The 
salt  giree  off  its  wut*'r  (4  49  pt*v  cent.)  at  100^,  but  do»i  not  deeumpose  at  175'^.  The 
Imtie  if«d'$(Ut,  C*H*Pb"^*O'.Pb''0,  obtained  by  precipitating  basic  acetate  of  lead  with 
ammonium -oxamate,  ia  a  white  predpitute,  insoluble  in  water  and  anhydrous  after 
boirig  treated  with  boiling  water  (Bacaloglio). — The  mercurout  and  mercuric  taltt 
are  white  predpitatee,  obtained  hy  beating  the  solutionti  of  the  nitmtee  with  ammonium 
oxamato  (Bacaloglio).— The  mckd-Mli,  C*H*Ni"'>'^0".H^,  ia  a  greenish-white 
^anular  powder  itparingly  soluble  in  hot  water  (Bacaloglio),^~The  mivtr^Matt, 
C*H'AgNO*,  obtained  by  treating  a  solution  of  silver- nitrate  with  barium-oxamate^ 
separatee  aa  the  liquid  cools  in  colourless  silky  needlea.  which  are  decomposed  by 
exposure  to  the  light,  the  silver  eeparaUng  on  the  aur£toe  and  blsdcening  them. 
(Balard.) 

OXAmc   UTBSms*     In  the  molecule  of  oxamic  add  (0*0* r  If:,   either    th« 

H     i" 

hydrogen  belonging  to  the  water-tTpe.  or  that  belonging  to  the  ammoaiarirpcv  zciay  be 
rr'[>luer'd  by  alcohol-radiclea.  In  the  former  case  neutral  ethers  are  fbnned,  belonging 
to  the  dasB  of  am  ethanes  (i.  198),  of  whici  the  following  are  known  : 

r] 


Methylic  Oxamate  or  Oxamethylant 


Cra*NO» 


EthyEc  Cmamaie  ct  Oxamelhane 


Amylic  Oxamiti  or  Osamykue 


C^H'NO* 


C^^KO- 


=    (0*0')" 
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They  are  produced  by  the  action  of  dry  ammonia  on  the  corresponding  nentnd  oxaHo 
ethers. 

In  the  hitter  case,  monobasic  acid  ethers  are  produced,  which,  if  only  one  atom  of 
hydrogen  is  replaced,  are  metameric  with  those  of  the  preceding  class  ooDtaining  the 
same  alcohol-radicles.  They  are  obtained  by  dehydration  of  the  acid  oxalates  of  the 
corresponding  amines.     The  following  have  been  prepared : 

Methyl-oxamic  acid  .    C»H»NO»     «     (C*0«)*'Iq 

H.C«H»)^ 
Ethyl-oxamic  acid  .    C*H^O«     «     (C*0«fVQ 

Phcnyl-oxamic  add  .    0»H^0»     -     (CH)«)''lg 

The  replacement  of  both  hydrogen-atoms  belonging  to  the  ammonia'type  would 
likewise  yield  monobasic  acids :  none  of  these  are  howeyer  known  in  the  fne  state, 
but  the  ethylic  ethers  of  dimethyl-  and  diethyl-ozamic  acids  hare  been  obtained, 
▼is.: 

Ethylic  Dimethyloxamatc      .        .    (>H»NO«     -     (CH)«)*'V2 

C«H»  }^ 

EthyUc  Diethyloxamate  .    C^»*NO«     -     C^"^  \ 

Amyllo  Oauuiuite«  or  OsamsrlaBe.  CH^'NO*. — ^This  compound  is  produced 
by  the  action  of  ammonia  in  the  gaseous  state  or  in  alcoholic  solution  on  neoted 
amylic  oxalate : 

It  is  soluble  in  alcohol,  whence  it  separates  on  evi^wiration  in  rudimentary  ill- 
defined  crystals.  It  is  decomposed  by  boiling  water,  yielding  amylie  alcohol  and 
ozamic  add. 

H« 

BUiyUo  Oxamatea.— a.  Oxamethane,    C^H'NC)*  -  (CH)T)'/\-— (Bnmas  and 

C«H»  '" 

Boulla^,  Ann.  Ch.  Phys.  [21  zzxTii.40.— Dumas,  t'Md  IIt.  241.— Liebi^  Ann.  Ch. 
Pharm.  ix.  120). — Prepared  by  passing  dry  ammonia  gas  through  drr  ethylic  oxalate 
till  it  solidifies.  The  resulting  mass  is  washed  with  alcohol,  and  the  solution  is  en^orated 
till  it  crystallises. 

Oxamethane  forma  unctuous  pearly  crystals  belonging  to  the  tzimetric  system. 
Dominant  form,  Poo  .  ool^ao  .  ooj^  .  ooF2.  Ratio  of  axes,  a  :  b  i  e  »  0*934  :  I  : 
0-715.  Angle  f<x>  :  ootoo  »  126°  33';  ooP  :  ootoo  =  132<>  48' ;  <x>p2  :  ootoo 
»  161<>  34 .  It  melts  at  110^  and  distils  at  220^.  Vapour-density  (cale.  fbr  2  toL) 
B  4*056.  It  dissolves  yerv  readily  in  cold  water  and  in  alcohol.  By  boiling  with 
water  it  is  converted  into  alcohol  and  add  oxalate  of  ammonium: 

OH'NO*     +     2H«0       -       C»H(NH*)0*     +     C«HK). 
Ammonia  converts  it  into  alcohol  and  oxamide : 

C^H'NO*     +     NH»       =       C«H*0     +     C«H*NK)«. 

According  to  Balard,  the  aqueous  solution  of  oxamethane  boiled  with  a  small  qnantity 
of  ammonia,  yields  oxamate  of  ammonium.  Boiled  with  baryta^weUer  it  gives  off 
ammonia  and  forms  a  sparingly  soluble  barium-salt.  Potash  tLnCLsoda  under  the  same 
circumstances  eliminate  ammonia  and  form  ethyl-oxalates. 

$.  Chloroxamethane,  C*B.^Ci^^O*.  Chloroxethamide,  (Malaguti.  Ann.  Ch. 
Phys.  Ixxiv.  304;  ibid,  [3]  xv.  49). — Produced  by  the  action  of  diy  ammonia-gas  on 
perchloroxalic  ether : 

C«(C«C1»)'0*     +     2NH«      «      C*H«a«NO>     +     C'BWl'NO     +     2HCL 

Perchloroxalic  Chloroxamethaoe.  TrichloraceC- 

ether.  amide. 

When  dry  ammonia-gas  is  passed  into  a  tubulated  retort  containing  pulverised 
perchloroxalic  ether,  the  temperature  rises,  a  fiocculent  substance. is  deposited  on  the 
bides  of  the  retort,  and  a  fetid  odour  is  evolved.    When  the  action  has  ceased,  the 
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T«toK  is  Ibnnd  lobe  lined  fritb  smidl  iritl«6c«tit  Lmumr.  The  whol«  is  treated  vitli 
etber^  the  solotion  filtered  from  Bai-ammoniA^,  &lldth<^  cryBtnlH  which  form  on  i^Tiipoiii* 
tion  are  prewed  between  pi^}er  and  paritied  by  solotioo  ij3  hot  water,  trentment  with 
uumal  duLrootd,  ftod  repented  crystaUiHilioit. 

Chloros&methane  fonns  white  crystnlii  beloogiiig  to  the  trimetrio  sjstem,  and 
iflotnorphoQa  with  osounetiiAne^  Domiiunt  fonn,  l^«o  »  odP|  .  odPoo.  Ratio  of  the  axeif 
a:  b:c  ^  0  924  :  1 :  O'lU,  IndinAtiim  of  the  fkces,  Poo  .  f>ao  =  126^  33'  t  ool'f  : 
«{*«>  »  12<P;  aeP|  :  ocj^f  sr  120^.  It  itf  spAnngl^  eolublo  in  cold  water*  y^sry 
•olable  in  boiling  wat^r, idcohol,  and  ether;  the  wJniicMi  liiiut  preeipitiitedbj nitrate  of 
iilrer  or  bj  Boluble  nilcinm-fiults.  It  hue  a  Bacchaiioe  taste,  with  bitttr  ailer-taftle.  It 
mt'ltM  at  134^,  but  *  ootyudemblo  portion  aobliinea  before  melting.  Boiling  point 
ftboTe  200^, 

Boiled  for  some  time  with  potash,  it  tiltifnstelj  disappitars,  ^xm  off  a  largf^  quantity 
of  amroonia,  and  yields  oxalate  and  chloride  of  potasaintn,  togt^the^  with  another 
chlorinated  salt.  Aqurons  nnnnooia  diaaolTee  it  completely  in  a  few  days,  producing 
ekiar^ihyiojealaU  oj  ammimiufn. 

In  consequence  of  the  difierent  bf>hiiviour  of  oxametbanc  and  chloroxametbane  with 
ammonia  and  putanh,  Gvrliardt  and  Malaguti  enppose  tliAt  they  belong  to  different  typrH. 

7,  Ethyloxamic  acid,   C*H*NO»   «  (CWf  V^ — Formed    in  email  quantity, 

when  oxalate  of  ethylnmin<*  mixed  with  excess  of  oxalic  odd,  is  melted  for  some  time 
in«n  oil-bath  at  IW:  C»H(C»H»N)0*  -  H»0  ^  C*H»NO«,  (Wurtz»  Ann.  Ch. 
Phys,  [3]  xaat.  466.) 

(C»H*)«,  ^ 

3.  Ethgiie I>i>fiiyfojra»ifli*,C'H"NO"«(C"0*)*V tx.— lliiscomponndiaprodijced 

C*H*  J  ^ 
by  the  action  of  diethyl  amine  on  oxalic  ether  (ii.  555),      It  is  a  liquid  which  boils  af 
260^,  is  resohed  by  boiling?  with  alkalis  into  oxalic  add,  alcc^hol,  and  dietliyhunine, 
and,  when  heated  with  alcoh'tllt'  ammonia,  is  converted  into  a  snbstimce  which  is  iso- 
meric with  diethyloxumide,  CH'*N*0*  (p.  284),     (Hofmann,  Compt.  rend.  Hi.  902.) 

IK^tlijIio  OziuAfttes.  a,  Oxamcthylanr,  C'H^NO'. — Prepared  by  satuniting 
foM^  methylic  oxalati;  with  dry  ammonia  gus  till  the  whole  solidifies  to  a  crystalline 
mass.  The  product  dissolved  in  boiling  alcohol  crystallises  on  cooling  or  evaporation 
in  cubic  crystak  having  a  nacreous  lustre.  When  boiled  with  wnter  to  which  a  few 
drops  of  ammonia  ore  added  from  time  to  time  to  neutralise  tho  arid  which  is  produced, 
the  oxamethylane  is  completely  converted  into  oxamate  of  ammonium  and  methylic 
alcohol.     (DumaH  and  Fdligot,  Ann.  Ch.  Fhya.  [3]  Iriii,  60.) 


A   ikftfeAy/oxawiicactrf,  C*H*NO' 


Ch.  Phys.  [3]  Iriii,  60. 

H.CH')  ^ 
=  (C*^)^  2-— Prodi 


Produced^  with  eltminatiun  of 


water,  by  heatinj?  add  oxalate  of  methylamine  to  about  16(F  :  C^(CH*N)0*  -  H*0 
=  CH*ND*.  Part  of  the  methylyxamic  add  remains  in  the  residnp,  while  another 
portion  volatilises,  and  sometimes  forms  a  crytftalline  strongly  add  subHmale  on  the 
neck  of  the  ivtort  A  considerable  portion  of  the  acid  oxalate  of  methylamine  is, 
howi'ver,  converted  into  nentrid  oxalate^  and  subsequently  into  dimethyloiamide,  which 
also  crystallises  in  the  neck  of  the  retort.  It  is  udnsablo,  therefore,  to  interrupt  the 
distiUatJOD  alter  a  while,  and  add  a  little  oxalic  acid  to  the  residue.  When  the  decom- 
poaitaon  ii  snppoaed  to  be  complete,  both  the  distillate  and  the  residue  are  to  be 
dissolved  in  hot  water,  the  solution  saturated  with  chalk,  and  filtered.  The  conoentmted 
solution  depofiits,  on  cooling,  a  mixture  of^idcic  m^thyloxamate  and  dimethylaxamide, 
which  are  easily  sepamtad  by  heat,  the  dimethyloxamide  then  volutilising,  while  the 
caldc  methyloxamaLe  i«mains  unaltered ;  it  may  be  purified  by  crystaUieation  from 
hot  water. 

Methyloxamic  add  forms  a  crystalline  fiubUmate.  The  cakium-^t^  C*H'Ca'79H>', 
separates  from  its  hot  aqueous  solution  in  small  well-defined  oystals.  (Wurtz,  Ann. 
Ch.  Phys.  [3]  xxx.  465.) 

(CH')n  j^ 

y,  Ethjftie   DimethyloxamaU,  Q*W^O*  -  (C*0'f}.  fJ.— Produced,  like  the 


eorrefeponding  diethyloxamate,  by  the  action  of  dimethykmbe  on  oxabc  nther.  It  is  a 
liquid  boiling  between  250°  and  260°,  and  motved^r  distillatioD  with  potash  into 
alcohot,  dimethylamine,  and  oxalate  of  potasnuoi.    (Hofmann,  iii.  9D8.) 

Pbanrloxaailo  or  OxiuilUo  Ael<l«  C*H^O'  w,  (CXi^jHO  (Laurent    and 

H     I 
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Liebig  (Ann.  Ch.  Pharm.  cxiii.  146)  has  shown  that  an  M^neons  solution  of  qranogaB 
Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  166). — To  prepare  this  compound,  soiline  mixed 
with  a  very  large  excess  of  oxalic  acid  is  fused  for  ten  minutes  at  a  hig^  temperature ; 
the  cooled  mass  boiled  with  water;  and  the  solution  filtered  tnm  the  oxanilide; 
whereupon  it  yields,  on  cooling,  crystals  of  acid  oxanilate  of  aniline^  whilst  a  portion  of 
the  salt,  together  with  a  small  quantity  of  formanilide  and  a  laige  quantity  ci  ozalie 
add,  remains  in  the  mother-liquor,  from  which,  by  precipitation  at  a  boiling  heat  with 
chloride  of  calcium,  filtering  while  hot  from  the  oxalate  of  calcium,  and  cooliiijg,  an 
additional  crop  of  crystals  of  calcic  oxanilate  may  be  obtained.  The  above-mentioned 
brown  crystals,  which  cannot  be  decolorised  by  reczystallisation,  are  converted,  either 
by  boiling  with  baryta-water,  or  by  solution  in  ammonia  and  precipitation  with  chloride 
of  barium,  into  oxanilate  of  barium,  which  must  be  washed  with  cold  water,  and  decom- 
posed by  boiling  with  an  equivalent  quantity  of  sulphuric  add  ([an  excess  decomposes 
the  oxanilic  acid),  after  which  the  filtrate  deposits  the  oxanilic  add  in  crystals  bj 
evaporation — or  they  mav  be  converted  into  tne  caldum-salt  by  solution  in  ammonia 
and  precipitation  with  chloride  of  caldum,  and  that  salt  decomposed  by  sulphuric  add 
mix<^  with  alcohoL 

Phenyloxamic  add  forms  beautiful  lamiiUB,  which  redden  litmus  strongly,  diasolve 
sparingly  in  cold,  abundantly  in  hot  water,  easily  in  alcohol.  When  heateo,  it  ^ves 
off  carbonic  oxide,  carbonic  anhydride  and  water,  and  is  converted  into  pure  oxaniUde : 

2C«H^0»      -      C"H»«NH)«     +     CO     +     C0«     +     H«0. 

By  boiling  with  dilute  hydrochloric  or  sulphuric  add,  it  is  xeaolved  into  hTdrocfalorate 
or  sulphate  of  aniline,  and  free  oxalic  add.  With  a  boiling  concentrated  sdntion  <^ 
potajin  it  gives  off  aniline. 

The  phenyloxamates  or  oxanilates,  which  are  isomeric  with  the  isatates, 
give  off  the  whole  of  their  aniline  when  heated  with  hydrate  of  potasdnm,  and  a  portion 
when  boiled  with  potash-ley  or  strong  acetic  add. 

Ammonium'saita. — The  neutral  salt,  C«H«(NH*)NO*,  fonns  beautiful  laminae,  which 
dissolve  sparingly  in  cold,  very  easily  in  boiling  water,  and  in  alcohoL — The  acid 
salt,  C»H"(NH«)NO«.C*H'NO«,  obtained  by  predpitating  the  solution  of  the  neutral  salt 
with  hydrochloric  add,  and  leaving  the  precipitate  to  crystallise,  forms  scales,  sparingly 
soluble  in  cold  water.  Both  salts  begin  to  decompose  at  190^,  give  off  ti-mmnniit^  and 
afterwards  carbonic  oxide  and  carbonic  anhydride,  together  with  a  small  quantity  of 
aniline,  and  leave  oxanilide. 

Barium'Salt. — ^The  white  crystalline  precipitate,  which  the  ammonium-salt  forms 
with  chloride  of  barium,  crystallises  from  the  solution  in  boiling  water,  in  specular 
rhombic  scales,  which  contain  29*16  per  cent,  barium,  and  are  therefore  C"H**Ba''NH)'. 

Calcium-salt. — Obtained  in  a  similar  manner  with  chloride  of  caldum.  Tufts  of 
needles  oontaininff  108  per  cent  caldum,  therefore  C^'H^KJa^NH)*. 

SUvcr-aalt. — Obtained  in  like  manner  with  nitrate  of  silver.  White  tabular  crystals 
which  are  nearly  insoluble  in  cold,  but  dissolve  readily  in  hot  water.  They  eontaia 
39-8  per  cent  silver:  therefore  C»H«AgNO». 

N1TRA.ZOPHBNTLOXAMIC  Acid.  See  KirRAZopmsarrLAMinB,  under  PHSBm^- 
imoES. 

OZAXZBa.    C»HWO«  -  (^/^"JN*   (Gm.  ix.  262;   Gerh.  L  275).— This 

compound  was  first  obtained  byBauhofinl817»on  mixing  oxalic  ether  with  aqueous 
ammonia,  but  it  was  regarded  as  a  compound  of  oxalic  ether  and  ammonia,  tillLiebifl^ 
in  1834,  showed  it  to  be  identical  witn  the  oxamide  whidi  Dumas  had  obtained  in 
1830  by  the  action  of  heat  on  neutral  oxalate  of  ammonium  ^p.  262). 

When  neutral  oxalate  of  ammonium  is  subjected  to  dry  distillation,  till  the  residue 
disappears,  oxamide  is  obtained,  partly  sublimed  in  the  neck  of  the  retort  together 
with  carbonate  of  ammonium,  partly  floating  in  flakes  on  the  watery  distillate.  The 
whole  is  suspended  in  water,  and  the  oxamide,  amounting  to  4  or  5  per  cent  oi  the 
ammonium  salt  is  collected  in  a  fllter  and  washed  with  water  (Dumas).  In  this 
process,  however,  a  considerable  quantity  of  the  oxamide  is  decomposed  by  the  heat. 
Hence  it  is  more  advantageous  to  prepare  it  by  the  action  of  ammonia  on  oxalic  ether 
(p.  269).  For  this  purpose  aqueous  ammonia  is  mixed  with  oxalic  ether,  dther  pore 
or  dissolved  in  alcohol,  and  the  predpitated  oxamide  is  washed  with  water  and  alcohol 
(Bauhof  and  Liebig).  Or  the  distillate  obtained  from  1  pt  of  salt  of  sorrel,  1  pt 
alcohol,  and  2  pts.  oil  of  vitriol,  may  be  immediately  shaken  up  with  aqueous  ammonia. 
The  dear  mixture  becomes  heated  and  deposits  oxamide,  which  must  be  washed  first 
with  water  and  then  with  alcohoL     (Liebie.) 

Oxamide  is  also  formed  from  cyanogen  and  cyanides.  PI  ay  fair  found  it  amongst 
the  products  of  the  action  of  nitric  add  on  ferrocyanide  of  potassium  (iL  261). 
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mixc4  wilb  Aldehjdt  ^mdiudljr  dapoMts  crytUlu  of  oxjimidet  the  whole  of  the  cyanogen 

Uiiig  ihereby  converted  into  oxamidc',  whUe  the  ntdehyde  nppcon  to  undex]^  no 
ajri'mti'Mi,  lis  the  solution^  if  u^uq  eattnuted  with  cyanogcDi  yields  ah  addilional 
[  uXAruido.  JLn  aqiieou*  volution  of  hjdrocjauic  add,  mixed  with  [KToxide 
J.  I^mdually  jieldi  n  crystnliine  depoiit  of  oxumide:  2CNH  -^  WO*  » 
1  li  .>  v/.  Uxamide  ie  &bo  formed  when  a  mixtar«  of  potaMtimn^o^anide  and 
matigiuiic  peroxide  ia  heat«d  with  a  small  quantity  oi  ^ulphunc  at^id.  (A ttf i  o  1  d,  Chem. 
Soc  J.  xri,  94.) 

A  small  quantity  of  oxamide  appears  to  be  sometiine«  fonned  by  the  action  of  nitfie 
«cid  upoD  actftone.     (Kiche,  Jahieabi  18d9,  p.  ^40.) 

I^fftertUa, — Oxamide  ia  a  light  white  powdiT^  taitekea^  odourleee,  and  inaolubk  in 
coM  water.  Boiling  tMier  diasiolrea  it  in  imall  quanti^i  and  depooitB  it  on  c<x»ling  in 
cryatMUiiit*  flockA.  The  aolaliun  ia  neutral  to  teet-papen,  and  doee  not  pradpilaie 
caleiuni  t»iilta.     Oxamide  ia  insoluble  in  tdcvhuL 

Ptfvmpitifitiims, — L  Oxiimide  heated  in  an  opsn  tube  volatili§ea  and  forms  ft  conf^ieedly 
eijtiidliae  sublimate  ;  hemted  in  a  retort  it  decompoms  partiuily,  lenring  a  reMdoe  of 
ehmoaJ.  The  rapuur  pasaed  throngh  a  rtKl^hot  gla&a  tube  2  {*^%  loog^  is  oompletrly 
i«sol?cd,  without  urposittou  of  carbon,  into  carbonio  oxide,  carbonate  of  anunonium, 
hydrocyanic  acid,  and  urea  (Liebig) : 


2C»H«N«0»     - 

OKAialdB. 


CO   ^  C0»  ♦  NH»  ♦   CNH   + 


CH*N«0, 
Ur«4. 


Cut  when  hermetically  sealed  in  a  metal  tube  (which  conducts  the  heat  w^ll)  and 
honttd  forfi-omG  minutt:^  to  310*^,  it  ia  partially  decomposed*  yielding  cyanogen,  carbonic 
aiihji'dride,  and  ammonia  (Malaguti).  The  fint  products  an?  probably  cyanogen 
and  wattr: 

C»H'N«0»     -     2CN   +   2HK); 

but  the  water,  acting  at  200°  on  mother  portion  of  the  oxamide,  forma  oxalate  of 
amraonium : 

C*H«N»0-  +   2H»0     -     C\NH«)*0«; 

mid  the  oxalate  of  ammooium  ia  resolved  at  220*^  into  ammonia,  carbonic  anhydride, 
and  carbonic  oxide.  Similarly,  a  mixtnre  of  oxaoido  and  iand,  heated  in  a  retort  lo 
30U*^— 330°,  yielua  nQUiing  but  cyanogen,  carbonic  oxide,  and  carbonate  of  ammonium. 
(MiilugutL) 

•i.  He«tt^  with  photpk&ric  ankvdrid^,  it  yields  a  laige  quantity  of  eyanogtm^ 
tvgether  with  carbonic  anhydride  and  carbonic  oxide.  (H  i^  r  t  ii  g  u  i  n  i,  Anu,  Ch.  Pharm. 
cir.  I7e.) 

8.  Oxamide,  k«.'pt  in  contact  for  some  time  with  HaturaftHl  chlorine^wakr,  dtsappenrs 
completely,  forming  hydrochloric  acitl,  oxalic  add,  and  ppoWbly  also  chloride  of 
uiLrtigeD^  which  thc^n  undergoes  further  decomposition,  but  without  formiition  of  sal- 
ammuQiae.     (Malaguti.) 

4.  Oxamide,  boiled  with  a  ft»urfold  qiuintity  of  niirie  ncid^  of  specific  gniirity  1*36, 
is  resolved  iuto  a  mixture  of  1  vol.  nitrogen,  1  vol*  nitruua  oxide,  and  2  toL  carbonic 
anhydride  (Malaguti) : 

Cfl*N*0«  -¥   2HN0*     «     N*   +   N*0   -K   2C0«  +   3H*0, 

Aeoording  to  Buuhof,  nitric  acid,  eren  when  hot>  has  no  action  upon  oxAmide;  accord* 
ing  to  O.  Henry  and  Plisson,  Mttong  nitiic  add  forms  with  it  ammonia  and  carbonio 
aiihydride. 

d.  With  strong  iutphuHc  aeid,  but  only  when  heated,  oxamide  forms  carbonio 
oxide  and  carbonic  aubydride  in  ec^ual  rolumee,  ammonia  remaining  behind  in  com- 
binatioil  with  the  sulphuric  acid,  which  remains  colourless  (Dumas/Liebig): 
C*H*N»0«  ^   H*0     «     CO   +   CO"   +   2^^. 

&  All  the  stronger  acids  in  the  dilutestate  decompose  oxamide^  yielding  an  ammonium* 
■alt  and  fk«e  oxahc  add,     (O.  Henry  and  Plisson.) 

C*H<N»0»  +   H'SO'  +  H»0     -     (NH*)«SO*  +   C^H'O*. 

Such  is  the  acticm  exerted  by  sulphnrie,  hydrochloric^  nitric,  and  tartaric  arid,  as  well 
as  by  oxalic  acid  itself;  but  nol  \ty  acetic  acid,  which  indeed,  when  Iwil^d  with 
oxamide,  got^s  off  in  vapour  without  oxBrting  any  action*     (0.  Henry  and  PHHSon.) 

7.  Oxamide  is  nut  allert^d  by  fourteen  days*  contact  with  cold  Wtit4r,  or  by  boiling 
with  waller;  but  whm  heated  with  water  to  224^  under  increased  pressure,  it  yields  a 
liiiuid^  which  is  acid  after  eirH|Mjnition,  gives  off  ammoniji  with  hydrated  oxide  of 
lead,  and  yields  an  abundant  precipitate  with  ealcium-talts,   {*).  Henry  and  Plisson) 
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8.  Ox^mide,  heated  with  aqueous  alkalis^  is  resolTed  into  alkaline  oxalate  and 
ammoniA^  which  volatiliBee,  without  any  trace  of  alcohol  (Dumas): 

C*H«NK)«  +   2KH0     -     C«K«0*  +  2NH«. 

Aqueous  antmonia  deoompoeee  ozamide,  eren  at  ordinaiy  tempentnrea,  gradually 
dissolving  it  in  the  same  manner  (0.  Henry  and  Plisson).  By  continued 
boiling  with  aqueous  ammonia,  oxamide  is  conyerted  into  ozamic  acid  (Toua saint, 
p.  279).  Boiling  carbonate  of  potasnum,  according  to  Banhof,  has  no  action  upon 
ozamide. 

The  boiling  aqueous  solution  of  ozamide  does  not  precipitate  nitrate  or  acetate  of 
lead;  but  on  the  addition  of  a  small  quantity  of  ammonia,  and  u>plication  of  heat,  it 
throws  down  basic  ozalate  of  lead ;  the  decomposition  of  ozamide  into  oxalic  add 
and  ammonia  takes  place  much  more  quickly  under  these  drcumstanoea  than  under 
the  influence  of  acids  or  alkalis  alone,  being  assisted  probably  by  the  insohibiiity  of  the 
lead-salt     (Pe  louse.) 

9.  On  gently  heating  ozamide  in  contact  with  potasnum,  cyanide  of  potaMiom  is 
formed  with  vivid  defloration  (Lie big) — probably  thus: 

C*H*NK)«  +   K*     -     2CNK  +   2KH0  +  H». 

10.  When  ozamide  is  boiled  with  water,  and  mercuric  oxide  is  gradually  added,  a 
compound  of  the  bodies  containing  2CH*NH)'.Hg'0  separates  as  a  white  |K>wder 
(Dessaignes).  But  dry  oxamide  heated  with  mercuric  oxide,  is  ozidifled,  yielding 
urea  and  carbonic  anhydride  (Williamson): 

C«H<NK)»  +  Hg'O     -     CH<N«0  +   CO*  +   Hg. 

Oxamidei  containing  Alcohol-radides, 
(CK)')") 
XMiB0tlijlosamlde.    C^H^KO*    «  (CH*  y  \^  (Wurtz,  Ann.  Ch.  Fliys.  [3]  xxx. 

H«     ) 

464). — Neutral  oxalate  of  methylamine  is  resolved  by  dzy  distillation  into  water  and 
dimethyloxamide : 

C«(CH«N)H)*      «      C*H«N«0«     +     2HH). 

The  transformation  is  much  more  complete  than  that  of  oxalate  of  ammonium  into  ox- 
amide, because  dimethyloxamide  is  much  more  volatile  than  oxamide.  The  dimethyl- 
oxamide collects  in  the  neck  of  the  retort  in  the  form  of  long  delicate  needles  inter- 
lacing each  other  in  all  directions. 

The  compound  is  also  produced  by  the  action  of  a  solution  of  methyUunine  on 
ozalic  ether,  the  products  beug  alcohol  and  dimethylozamide : 

C^C*H»)»0*     ^     2CH»N       =       2C«H«0     +     C*H«N«0«. 

This  is  the  better  mode  of  preparation.  The  reaction  takes  place  immediately,  with  evo- 
lution of  heat,  the  nroduct  being  a  white  magma  composed  of  delicate  needles;  these 
dissolve  readily  in  hot  water,  and,  as  the  solution  cool^  the  dimethyloxamide  ciystal- 
lises  in  the  form  of  long  interlaced  needles.  It  dissolves  in  alcohol  lees  readi^  than 
in  water.  The  fixed  alkalis  decompose  it  easily,  with  evolution  of  methylamine  and 
formation  of  an  alkaline  oxalate : 

C*H«N»0«     +     2KH0       =       C«K«0*     +     2CH»N. 

It  is  carbonised  by  phosphoric  anhydride. 

(C^O*)") 

IMetliylosamlde.    OH»*N»0*     =     (C«H»)«In«  (Wurtt,  Ann.  Ch.  Phya.  [3] 

H«   ) 
XXX.   490). — Obtained  by  methods  predsely  similar  to  those  which  yield  dimethyl- 
oxamide ;  the  reaction  of  ethylamine  on  oxalic  ether  afibrds  the  best  mode  of  pre- 
paration. 

Diethyloxamide  is  more  soluble  in  alcohol  and  water  than  oxamide.  From  the 
alcoholic  solution  it  czystallises  in  beautiful  needles.  It  is  volatile,  and  condenses  on 
the  surface  of  cold  bodies  in  woolly  crystals.  Potash  decomposes  it»  forming  ethyl- 
amine and  oxalate  of  potassium  : 

C«H>«N«0«     +     2KH0     -     C»K«0*     +     2C«H»N. 

Phosphoric  anhydride  carbonises  it. 

Hofmann,  by  acting  on  ethylic  diethyloxamate  (p.  281)  with  ammonia,  obtained  a 
compound  metameric  with  that  just  described,  but  differing  from  it  in  the  mode  of  its 
decomposition  by  alkalis,  yielding,  not  2  at.  methylamine,  but  1  at.  diethylamine  and 
1  at.  ammonia.  It  may,  in  fact,  be  regarded  as  consisting  of  a  molecule  of  diethylamine 
and  a  molecule  of  ammonia,  bound  together  by  the  diatomic  radicle  oxslvl : 
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^     2KH0      *     CK'O*     +     C»H"K     ^     OT^. 


Wurts'a  dietbyloxuTnidtf',  on  the  othnr  baDd^  comiBls  of  2  a^,  i>iliyliiinlne  bottnd  t^- 
gi^ther  iu  jiaimiUf  mttnaer. 

(C»OV) 
SHamrlox&t&ltfe.    C''H«N=0*    *  (C»H»')«  VN»  (Wurtt,   toe,   c?»i.).- OUaim-d 

U       J 
bj  heating  ^thjlic  oxalate  witb  anijktame.     It  ■olJdifieit  to  a  maas  of  stlkj  nretllf^, 
melting  at  139°  and  perf«»ciiy  ?ota^e.     It  in  insoluble  in  water^  but  dis»)lTe8  iti  ht»t 
alcohol,  frota  wiiicb  it  se^rfnuti's  almuBt  wholly  on  cooling, 

Vttfibtliyl-oxaiiildea.    a.  Di?fAPHTarL-uxAiaoB.     Oxt>n(^>JkihaiiiU,    C^H'*K^O* 

=      (CO*)"  [N'    (Zinin,  Ann.  Ch,    Phann.    cviiL    22).— PPodttc«d,  together  with 

naphthyl-forraamide,  by  the  Action  of  heat  o»  neutral  or  add  oxalate  of  utiphthyhmiine. 
{Fcxr  themodeof  fbrmatioDand  prefpsration,  ae«  ti.  6BI.)  It  fonna  gmall  sciiIph  inNoIuUle 
in  water,  aparingly  adnble  m  boibng  aloohol*  roeltiD^  at  about  200^.  When  healed 
above  lie  maltittg  point,  it  t»  gradually  deoompci0«d,p;iTing  off  carboaic  oxid**  and  leuving 
dinaphthylcarbanude.  When  boiled  with  akxJiolic  fkttath,  or  heated  ¥rith  very 
strong  aqueout  potofA,  it  ia  reaolred  into  naphthylamine  and  oxiilic  aeid 

{C«H')»\ 
(Wr    vt 

H  J 
(Perk in.  Chem.  Soc  Qm.  J.  ix.  8).  Tbis  compoundr  which  hiia  the  oonip4>sition  of 
acidouikteof  nienflfKhthybiminemf«i«*2  at  wuter(P'H*'N'.C*IPO*  -  2H'0  = 
C**H^*N*0*).  is  depoaited  from  an  alcoholic  solution  of  dicynnidi'  of  menaphthylaiairw* 
(p.  24)  mfxed  with  hydrochloric?  acid  and  Uft  at  rest,  in  small  yellow  sptinglfH 
insoluble  in  water,  very  slightly  soluble  in  o/coAo/  and  (tktr.  It  melts  at  245^, 
and  deeomposes  at  aeC,  emitting  white  Tapours  probably  containing  cyanate  of 
napbthyL  J3y  aqneons  potash  and  by  acidi,  it  is  resolved  into  oxalic  add  and  menaph- 
thytamiue. 


j8,  CYAXO-DiMAPHTBTioxjkiiina.     MenaphlhtMeimid^.    C?^"N"0* 


yiienrlomatiitdea* 

C*H*  ^N'  (A.  W. 


a.     MQirOFECXZrTLOXAllIDB      Of      OxANHJOtlUBr      C*H*X^O* 

Hofmaon,  An©*  Ch.  Phann.  badii,  181>  — This  body  is 


found  among  the  products  of  the  decomposition  of  cyaniline  by  hydrochloric  acid.  To 
prepare  it,  a  solution  of  cyaniline  in  dilute  hydrochloric  acid  is  evuporatcd;  the  white 
crrsUUine  maaa  is  freed  fnun  sal-ammonijic  and  by drochl orate  of  ainliae  by  digestion  iu 
cold  water;  the  rewdoe  well  boiled  with  water;  the  solution  evsiponited  to  dnne^s 
aftiir  being  filtered  fmm  diphenyloxatnide  ;  and  the  residue  exhauKted  by  boiling  wilh 
alcohol.  The  alcohulic  solution,  when  cooled  or  evaporated,  depositi^  the  monophenyt- 
oxamide.  which  may  bf  purified  by  recrystalJiaatioD  from  hot  water.  The  compound 
is  not  ubtttined  by  treating  oxamethane  wtth  aniline. 

Fhenyloxamide   forma  snow-white,  silky,  capiHazy  flakes,  which  aublime  in  the 
i  of  a  soft  powder.     It  is  soluble  in  akt>hot  and  f^4rr,  and  crystallisea  frum  boiling 


Strong  sulphuric  acid  eliminates  carbonic  oxide  and  carbonic  acid  from  it,  and  leures 
sulphate  of  ammonium  together  with  sulpbanilic  acid: 


20'H''NK>*  +   BWBO* 


2C0   +   2C0«  ^.  (C*NHyS'0«  +  (NH*)*SO». 


The  originally  transparent  Bolntion  in  slroiig  patiuh-lty,  from  which  acirlfl  throw 
down  the  phc nyloxumide  unaltered,  becomes  gradually  cl&uded  with  dri>{>f«  of  aniline, 
the  more  quickly  »»  it  is<  stjronger  and  wanner,  then  gives  off  ammonia,  and  forms 
oxalate  of  potassium : 

C*HWH>»     +     2KH0      ^      C*H'N     +     NH»     +     C^»0^ 


$.  DlPHil^^xoxAMIDl  or  OxAsriung,  C'*H'*NK>* 


(C»0^)-) 


erhardt,  Ann. 


CKPhys.  [3|  xiT,  120;  xr.  88 ;— J.  Pharm.  [Z]  Ix.  406  :— Hofmjin  n,  Ann.  Ch. 
Pharm.  Ixv,  ftf»;  Ixxiii,  181  ;  Ixxiv,  at"!).— This  compound  ia  funui  d  ;  1.  Together  with 
phenyl-foniiamidi*  by  heating  oxalate  of  aniline  to  between  160^  and  180°  : 
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(C«H^)».0*HK)«       =       C«*H»*N«0«     +     2HK). 
Oxalate  of  aniliDe.  Dlpb«oyloxa»ide« 

(c«h'N)k:;«h*o«     =     cth^no    +    cmn^    +    co«  +    h«o. 

Pbenylform* 


The  application  of  heat  must  be  continiied  till  the  erolation  of  gas  eeasefl,  mnd  tbe 
solidified  mass  exhausted  with  alcohol,  which  dissolTes  the  pheoylfomuimide,  and 
leaves  the  diphenyloxamide.     (Gerhardt.) 

2.  Together  with  oxamide  and  monophenyloxamide,  in  the  deoompositioD  of  ^ani- 
line by  dQnte  hydrochloric  or  solphnric  add : 

4C"H"N«     +     8BP0     +     8Ha     -     4NHH31     +     4C^«Na     +     C«H«N«0« 
CjanUloa.  Hjdroehlorata  Oxamid*. 

ofanlliiM. 

+     2C*H"NK)«     +     C'«H»«!rW 
Phtqjlozamide.  Dfpbcnyl- 

The  solution  of  cyaniline  in  excess  of  dilute  hydrochloric  add  is  eraporatad  orer  tlM 
water-bath ;  the  dry  residue  treated  with  cold  water  to  remove  sal-ammoiiiae  and  hydio- 
chlorat  A  of  aniline,  then  with  boiling  water,  to  dissolTO  oxamide  and  monoplieii^kizamide ; 
and  the  diphenyloxamide  which  remains  undissolped  is  purified  by  aolntioii  in  bsnaeiie, 
filtration,  and  evaporation,  and  by  washing  the  crystals  with  alcohoL    (Hofmann.) 

Properties. — Diphenyloxamide  crystallises  in  white  nacreous  scales^  irtiieh  mtlt  at 
245^,  and  solidify  in  a  radiating  mass  on  cooling.  It  boils  at  320°,  giving  off  a  sharp 
vapour  like  that  of  benzoic  add,  and  distilling  for  the  moet  port  without  deoompoaition, 
and  sublimes  at  a  gentle  heat  in  iridescent  Uminse.  It  does  not  disKlve  in  water  or  in 
dilute  sulphuric  acid,  even  at  the  boiling  heat,  but  dissolves  in  slightly  heated  tirong 
sufphuric  acid ;  and  is  predpitated  therefrom  without  alteration  by  water.  It  is  in- 
soluble in  cold,  sparingly  soluble  in  boiling  alcohol,  more  soluble  in  betuene,  insoluble 
in  ether. 

Decompositions. — 1.  Diphenyloxamide  subjected  to  rapid  distillation  yields  a  small 
quantity  of  oil  containing  a  trace  of  anilocyanic  acid,  iraich  gives  it  a  powerful  odour. 
— 2.  Bromine  acts  violently  upon  diphenyloxamide,  giving  off  hydrobromic  acid,  and 
formins  a  substance  which  dissolves  in  ether  and  oystallues  therefrom  (Gerhardt). 
— 3.  Hot  nitric  acid  gives  off  red  vapours  (Gerhardt^  Aqueous  ehronue  aeid  and 
other  dilute  acids  do  not  act  upon  it,  even  when  heated. — The  solution  of  diphenyl- 
oxamide in  warm  oU  of  vitriol  efiervesces  when  strongly  heated,  giving  off  carbonic 
oxide  and  carbonic  anhydride  in  equal  volumes ;  it  then  turns  sli^Uy  brown,  and,  on 
the  addition  of  a  small  quantity  of  water,  deposits  a  large  quantity  of  anilosolphuric 
acid  in  the  form  of  a  white  crystalline  powder  (G  erhardt) : 

C'«H»«N«0«     +     2H«S0*      «      (C«H^)«S»0«     +     CO     +     C0«    +    HH). 

5.  Diphenyloxamide  distilled  with  phosphoric  anhydride  or  chloride  of  tAne,  gives  off 
carbonic  oxide  and  carbonic  anhydride,  and  is  almost  completely  carbonised ;  never- 
theless, especially  with  phosphoric  anhydride,  the  oil  which  smells  of  anilocyanic  add 
passes  over,  together  with  sublimed  diphenylcarbamide,  in  larger  quantity  Uum  when  the 
diphenyloxamide  is  distilled  alone  (H  o  f  m  a  n  n). — 6.  Vapour  of  diphenyloxamide  passed 
over  red-hot  linte  yields  a  body  which  may  be  regarded  as  C"IPN«  (Hofmann).— 
7.  Diphenyloxamide  heated  with  dry  lime  gives  off  aniline,  and  becomes  partially  eai^ 
bonised,  and  sometimes  heated  to  redness  (Gerhardt).  Anhydrous  baiyta  etiminates 
scarcely  anything  but  aniline  (H  o f  ma  n n).  Diphenyloxamide  neated  wiUi potasMime, 
hydrate  of  potassium,  or  concentrated  (not  witn  dilute)  potash-ley,  is  reeolved  into  a 
distillate  of  aniline  and  a  residue  of  oxalate  of  potassium.    (Gerhardt) 

(c^»y;| 

r  CrAMO-DiPBxinrLOXAMiDB   or    Mblanoxdodb,    C»*H"N*0»     —        i™^  (  ^ 

H     ) 

(Hofmann,  Chem.  8oc.  Qu.  J.  ii.  307). — This  compound,  which  has  the  compositioB 
of  oxalate  of  melauiline  minus  2  at.*  water,  is  formed  in  the  decomposition  of  cucyano- 
melaniline  by  adds : 

C>»H'«N»     +     2HC1     +     2H»0       -       C"H"N«0«     +     2NH*C1. 

To  prepare  it,  dicyanomelanilinc  is  dissolved  in  moderately  strong  hydrochloric  add, 
and  the  gradually  precipitated crjHtalline  powder  (or  slowly  cjystallising  resin)  washed 
with  water.  It  is  a  pale  yellow  indistinctly  crystalline  powder,  insoluble  in  wattr  and 
in  aqueous  adds,  sparingly  soluble  in  boiling  alcohol,  whence  it  crystallises  in  cmsts. 
In  aqueous  ammonia  or  potash  it  dissolves  at  first  without  decomposition,  and  may  be 
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pn^cipitated  from  the  solution  by  adds;  ftfterwvrds  dccotnpoeitioii  Inkt^  pluce.  Its 
»i)1ittmu  in  weak  alcohol  forms^  with  nitrate  of  tUifer,  eap«cmUy  on  addition  of  a  iinaU 
qiiHtitiey  of  ammoaia,  a  light  yellow  unorphona  precipitate,  containing  from  26-4  to 
2^  67  and  SO  5  per  cent,  of  iilTer 

Ikc(mp(miwn8.—l.  Mekooximide  nielte  when  keaUd^  giving  off  a  large  quantity  of 
carbonic  oxide,  together  with  a  small  quantilv  of  cftrbonic  anhydride  (probahlj  result- 
ing from  ft  aecondMy  deoompoMtion),  and  with  the  stiuog-wnellmf  vapour  of  an  ilocyanie 
aeid,  about  10  per  ceoL  of  which  condenses  in  thi^  form  of  a  yellowish  liquid ;  at  a 
ikfonger  heiLtf  the  melanoxtmide  nltimately  yields  diphenylcArbamide  RiiblimM  in 
ndiatinjsr  crystals,  and  leaves  a  pale  yellow  transparent  m&ss  of  re8in.^2.  Mebinoximido 
is  bat  flizhuy  decompoeed  by  mknte  suinhuric  or  hydrochloric  acid  ;  bnt  when  disflolred 
in  ulcjobol  and  boiled  with  oonoentfmtea  hydrochloric  acid,  it  is  resolTed  into  oxalic  acid, 
meUniline,  and  needles  not  yet  fuUy  examined,  the  solution  at  the  same  time  acquir- 
ing a  deep  rellow  colonr,  uid  emitting  a  powerful  odour  of  anilocyanic  acid, — 3*  Its 
alcoholic  ooliition  eoltdifles  in  contact  with  ammoniQ  or  potash^  either  of  which  takes  up 
a  lafKc  qo&Dtity  of  ox&lic  acid,  forming  crystals  of  m^aniline;  and  a  similar  decom- 
poeitioo  takefi  place  grudually  in  ita  Bolation  in  aqueous  ammonia  or  potash,  enpecially 
when  conccntmtcd, 

OXajrJLVHTSJk&tSa.    Syn.  with  BiltaraTiiiaoxAJtins  (p.  286). 

OXAWXZ.JLiiszi>m.    Syn.  with  PasmrTvOxAMma  (p  2S5). 

oaLAJm.IO  ACm.     Syn*  with  Phektxox^mjc  Aero  (p.  281). 

OXAJrzx.XI>B,     Syn.  with  DiF^arrLOXAJODa  (p.  28d). 

0XAJrx&ZVB.      CH^O  (R.  Schmidt,   Chem.    Soc  J.  xvii.    1&4) A   basa 

piodnced,  together  with  other  bodies,  by  th**  action  of  heat  on  amido-salicylic  add : 

CH'NO"       ^       CH'NO     ^     C0». 

To  obtain  it,  amido-saUcylie  acid  is  h«ated  with  pumice^itone,  and  the  resulting  sub- 
limate ia  treated  with  aloohol  slightly  acidulated  with  acetic  add ;  oxaniline  then 
remains  in  the  fbrm  of  a  white  inodorous  mass.  It  diflsolvee  in  hot  water  and  hot 
alcohol,  and  aeparateson  cooling  in  slightly  coloured  crjsfals. 

The  aqueous  solution  turns  brown  in  thr'  air,  and  dejxmita  a  brown  amorphous 
subatance.  It  easily  roducea  the  solutiuna  of  the  noble  metala,  acquiring  at  the  eamfi 
time  a  splendid  violet  colour,  which  is  alao  imparted  to  it  by  nitric  acid.  When  mixi**! 
WTt„h  an  alkaline  liquid,  it  acquires  a  deep  indigo-blue  colour,  which  disappears  on 
addition  of  an  acid. 

Oxaniline  unites  readily  with  hydmcbloric,  hydrobromic,  hydriodic,  sulphuric  acid, 
&c.,  forming  soluble  crystalli sable  salta.  The  solutions  decompose  in  contact  with  the 
air,  if  they  are  perfectly  neutral,  but  are  stable  whta  add, 

03L A Jf TMJLAC  CITB.     See  PiL&AKAi'iiTUjLLaKB, 

02L&T0X.T1JEC  ACXB.  C'«H**0",  (Moll er  and  Strecker,  Ann.  Ch,  Fhami. 
eiiii,  66.)— An  acid  produced,  together  with  mothyUc  alcohol,  by  boiling  Tulpic  add 
with  potaah-ley  of  spedfic  gravity  1*05  to  115  : 


Vulptc  aclid. 


8HK) 


OulokjrUcActil, 


CH«0 
MrthrJic 


2C0*. 


When  the  decomposition  is  complete,  which  may  be  known  by  the  change  of  colour  of 
the  predpitate  fiom  yellow  to  a  faint  dingy  tint,  the  oxatolylic  acid  may  be  precipiuted 
by  hydrochloric  acid.  It  crystallises  from  alcohol  in  colourless,  brittle,  right  rhombic,  four- 
liidt'd  prisms,  terminated  by  domes.  It  melts  at  154^,  volatilises  with  decomposition  at  a 
higher  temperature,  is  sparingly  soluble  in  hot  water,  easily  in  alcohol  and  ether.  It  has 
a  strong  add  reaction,  and  firms  easily  soluble  ss  Us  with  the  alkalis,  sparingly  soluble 
witU  the  alkaline  earths.  The  barium-soli,  C?»H«»Ba''06.4H»0,  the  ntner-Mli,  C**fl»»AgO\ 
and  the  Uad-talt,  0*H*»Pb''0*,4H"0,  are  crystalline  predpiUtes ;  the  Hht/fit  ttktr, 
C""n'»(C"H*)0',  ppfpowd  by  saturating  th«  alcoholic  sofntion  of  the  acid  with  hydro- 
chloric add  and  hf-allng,  or  more  easily  by  treating  the  silveivsalt  with  ethyMc  iodidt', 
forms  colourless  prisniatie  crystals,  which  melt  at  46'5^, 

Oxatolylic  acia,  boiled  with  p*tta9k4ey  of  specific  gravity  1*2  to  1*8,  is  reeolred  into 
oxalic  acid  and  hydride  of  bemsyl  (toluene),  C^H*  which  distils  over: 

C'*H*«0*     ^     mo      -      CH'O*     +     2C'H» 

It  dissolves  i  n  fum  in^f  nitric  and,  forming  nitro-oxatolylic  acid.  C**H^  NO*)©*, 
which  is  resolved  with  greater  facility  by  boibng  potash  into  oxalic  acid  and  liydrida 
of  nitrobensyl. 
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OXBTBTZi.  This  name  is  applied  to  peroxide  of  ethyl.  0*11*0,  entering  into  com- 
bination as  a  monatomic  radicle.  (See  Ethtlenk-basks,  ii.  593,  and  Phosfhobu8-ba8E8.) 

Lieben  (Ann.  Ch.  Pharm.  cxxxiii.  287),  by  treating  the  chlorinated  derivatiTea  of 
ethylic  oxide,  ^C*H*)*0,  with  ethylate  of  sodium  or  alcoholic  potash,  has  obtained  com- 
pounds consisting  of  ethylic  oxide  in  which  1  or  2  at  hydrogen  is  replaced  by  oxethyl. 

o.  Oxethyl'Chlorethylic  oxide,  ctHVC*H»Ou^* — '^^  compound  is  obtained  by 
treating  dichlorethylic  oxide  with  an  alcoholic  solution  of  sodium  : 

^:gjO     +     NaCH'O      =      ^:(^K))|0     +     ^'^l. 

The  action  begins  at  common  temperatures,  but  requires  the  aid  of  a  ^ntle  heat 
to  complete  it.  The  alcoholic  liauid  is  then  to  be  mixed  with  a  large  quantity  of  water 
to  dissolve  out  the  chloride  of  sodium,  and  the  oil  which  separates  washed  with  water. 
Alcoholic  potash  acts  in  a  similar  manner,  but  gives  rise  at  the  same  time  to  th^  forma- 
tion of  a  considerable  quantity  of  resinous  products. 

The  oil  obtained  as  above  consists  mainly  of  oxethyl-chlorethylic  oxide, 
which  is  heavier  than  water,  has  a  very  agreeable  refreshing  odour,  and  boils  at  159^. 
It  is  difficult,  however,  to  obtain  this  compound  pure,  as,  according  to  the  greater  or 
smaller  quantity  of  sodium-ethylate  employed,  the  product  is  contaminated  either  with 
dioxethyl-ethylic  oxide  {vid.  i^f.)  or  with  dichlorethylic  oxide.  The  latter  may 
be  removed  by  heatine  the  oil  to  100^  with  aqueous  potash,  but  the  remaining  oil  is 
still  contaminated  with  a  more  highly  chlorinated  proauct 


iS.  Dioxethylic  oxide,  nsHVCHH)  u  ^' — ^^^''^  by  heating  dichlorethylic  oxide 
in  a  sealed  tube  for  some  hours  to  about  140^,  with  excess  of  alcoholic  potash  or 
sodium-ethylate : 

The  poduct  is  washed  with  water  or  solution  of  chloride  of  caldum,  and  dried  over 
chlonde  of  calcium.  When  thus  purified  it  is  lighter  than  water,  and  boils  at  about 
168°. 

r    EthyUxethylic     oxide,    c^I/^sq)  ( 0-— When      ethyl-chlorethylic     oxide 

C*}i*C\  \^*  ^^^  product  obtained  by  the  action  of  zinc-ethyl  on  dichlorethylic  ether, 
is  treated  with  sodium-ethylate  or  alcoholic  potash,  and  the  product  treated  with  water 
as  above,  an  oil  is  obtained  consisting  chiefly  of  ethyl-oxethyUc  oxid^  together 
with  a  very  small  quantity  of  another  compound  boiling  at  70°.  The  principal  re- 
action is  represented  by  the  equation  : 

Ethyl-oxethylic  oxide  is  an  oil  of  ethereal  odour,  lighter  than  water,  andboilingat  148°. 

By  using  sodium-methylate  instead  of  sodium-ethylate,  and  sine-methyl  instead  of 
sine-ethyl,  a  whole  series  of  compounds  might  be  obtained,  homologous  with  those 
just  described.    (Lieben.) 

OXBTKTXiBa'B-BJUiBS.     See  Ethtlenb-basbs  (ii.  693). 

OZBTBTXi-TRZBTH  I  J«-PKOSVKO VZim.     See  Phosphobus-BASBS. 

OZKAVsiUTB.     Syn.  with  Apophtllitb  (i.  357). 

OJLXDB8.  ) 

,  *  [     Products  of  the  decomposition  of  indicsn  (iii  247). 

OZOmcc  ACTD,  Syn.  with  Gltcollic  AaD.  F.  Schulze  applied  this  name 
to  the  acid  obtained  by  the  action  of  nascent  hydrogen  on  pure  oxalic  acid,  supposing 
it  to  be  a  distinct  acid  (see  ii.  910,  No.  8). 

OZmUC  ACZB.  White  purpuric  acid. — These  names  were  applied  by  Yau- 
quelintoa  product  obtained  by  treating  uric  acid  with  nitric  acid,  and  neutralising 
with  lime ;  it  appears,  however,  to  have  been  merely  a  mixture  of  alloxan  and  alloxanic 
acid.     (See  Gmdin's  Handbook,  x.  169.) 

OZTACAWTBZW.  A  bitter  neutral  substance  obtained  by  Leroy  (Viertel- 
jahrsBchr.  pr.  Pharm.  viii.  575)  from  the  whitethorn  {CraUrgua  oxyacantha), 

OZTACAVTBZVS.    C»H'«NH)»  ?   Vineiine.   (Polex,  Aroh.  Pharm.  yi.  265.^ 


ozzwozc. 
oxnrBZCABzv, 
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Wucker,  JnlifeBb.  IHCl,  p.  545).^ — Ad  Alkuluifd  i!xiDHiig,  togvthrr  wirii  borbertnts  in  {ho 
root  of  Berherk  vhdgariM,  To  extm^t  it,  the  root  iji  exhausted  with  &1cohol,  a  littl*^ 
wiiter  11  add^  to  tiie  extract^  uid  the  alcohol  m  distiUad  off.  Th«  reiimiaing  liquid 
dcpgsiu  ft  rtiin,  which  mtiftt  be  »eparated  bj  fiJtratiou,  and  the  flJtmte  whpu  conceo- 
trmted  d«po«ita  cnrstak  of  bt?rb<»riiie.  When  the  motb<'r-Hquore  no  longer  yield  tbifl 
base,  thpy  are  to  be  diluted  with  foor  raeatnires  of  water  and  precipitnti'd  by  carbonnte 
of  sodium,  the  procipitAte  waahed  with  oold  water  and  diuiolvcd  in  dilute  eulphurie 
mcid»  the  iolutioD  decolorised  with  uiimal  charcoal,  and  the  oxyacaothine  ngaio  pn*^ 
dpitat'd  by  carbooate  of  eodi  am.     ^F  o  1  e  x. ) 

Ojqrananthfne^  when  pare,  is  a  white  powder  ordinarilj  with  a  yellowish  tinse.  It  may 
bo  obtained  in  the  ciTStaUlne  state  by  spontaneom  evaporation  of  its  alcoholic  solution 
mixed  with  a  quantity  of  water  not  suflldent  to  render  it  turbid.  It  has  a  bitter  ta&te, 
turns  brown  on  exposure  to  air  and  lights  meka  when  beat^d,  and  gives  off  water,  em 
pyrvomatie  vapours^  and  ammonia^  learing  a  carbonaceoos  residue  (Folex).  It  mt4t$ 
At  ISf ,  and  decomposes  at  a  higher  temperature  (Wacker).  It  is  nearly  inaolabU'  in 
oold  water,  but  wh«  n  recently  precipitated  it  dissolves  in  a  small  quantity  of  boiling 
water.  It  ia  soluble  in  alcobol^  ether,  and  oils  both  fixed  and  volatile :  ite  solutions 
hare  an  alkaline  reaction  (Pol ex).  According  to  Wacker,  it  disaolrea  in  3l>  pis. 
of  cold  alcohol,  and  in  its  own  weight  of  boiling  alcohol  of  90  per  cent.;  in  125  pt><. 
cold  and  4  pts.  warm  ether*  also  in  chloroform.  When  precipitated  by  ammonia  from 
its  salts,  it  disBolTes  in  a  large  excess  of  ammonia,  much  more  easily  in  eaastie 
potash,  not  in  alkaline  carbonates, 

Oxyieanthine  is  decomposed  by  mineral  acids.  Nitric  ac'd  when  boiled  with  it  fir*l 
ffailtiMit  it»  and  then  conrerta  it  into  oxalic  acid  and  a  body  resembling  bcrberine. 
which  is  precipitate  in  yellow  flocka  by  water  (Polex).  With  iodic  acid  and  a  snial/ 
quantity  of  water,  it  wparatei  iodine^  aasoming  a  yellow  or  brown  colour.    (Wacker.) 

Air-dried  oxyB4?anthine  has,  aoeording  to  Wacker.thecompotsition  C?*H**N*0»'.H*0* 

The  salta  hay©  a  bitter  taste  (Pole x).  The  h^drocUf>rale,  C«H"N'0" ',2HC1.4H«0, 
enrstallises  in  white  nodules ;  so  likewise  the  ^tdphatr,  and  the  ]cb«  riIuUc  nitraUt 
which  contains  4  at.  water.  The  ojtttUtte  crystallises  in  sparingly  soluble  needles  ;  the 
meeiaie  is  ancrystalliaable.     (W  a  c  k  e  r.) 

The  neutral  solution  of  the  acetate  giTes  a  white  precipitate  with  tincture  of  gallfl, 
nitrate  of  silver,  mercuric  chloride^  tartjir-emetic,  and  stannous  chloride;  brown-red 
with  iodine ;  yellow  with  platinic  chloride  and  picric  acid :  it  is  not  precipitated  by 
mercurous  nitrate,  ferric  chloride,  nentral  or  basic  acetate  of  lead,  copper-salts  or 
gt*IatiD»     (Polei.) 

omTAMtmAMXO  ACZH.     CH'KO*     *     (C«HK>rlQ«'— Already  described  as 

an  anieamie  ftcid  (i.  290), — ^Tbs  zationa)  furmola  just  giren  rej^resents  it  as  derived 

It  may 


(CH'OrVO*. 

li         3 


from  a  triatomie  and  monobasic  oxyaniaic  acid,  CHW     « 
alao  be  regarded  m  amido-aniaic  acid,  C*H'(NH')0". 

IH»aoaala*oxymalaainto  A^old*  or  Diacimni»aiMdani*ie  add,  CH'^NH)*  m, 
C*H*N'0'.C>H»NO'.  (P-  Gricss,  Ann.  Ch-  Pharm.  cxiii.  337;  cxvii.  44;  JahresU 
1859,  p.  467;  1B61,  p.  414)«— An  acid  produced  by  the  action  of  nitrous  add  or  a 
nitrous  ether  on  an  alcoholic  solution  of  oxyanisamic  acid : 

2C«H*NO»     +     NHO"       -       C^-H^NHV     ^     2H'0. 

The  reaction  mnat  take  place  at  a  rather  low  temperatnre,  and  all  excess  of  nitroaa 
aAid  tnuat  be  aToided. 

Diazoanis^oxyaniaamio  acid  is  a  yellow  or  ^reeniab-yellow  amorphous  substance^ 
aaalogons  in  ita  properties  and  reactions  to  diasobenso-oxybenzamic  acid  (n.  291). 
It  may  be  regarded  either  as  formed  trom  a  double  molecule  of  oxyanisamic  ad  a  by  the 
snbetitntion  of  1  at.  nitrogen  for  3  at  hydrogen,  and  represented  by  the  formula 
C"(H'*N*')N*0*,  or  according  to  Griess,  as  a  compound  of  diazoaoisic  acid  {Lr. 
anisic  add,  CH*0',  in  which  2  atoms  oif  hydrogen  are  n^^placed  by  2  stoma  of 
nitrogen),  with  amidi»-anisic  add  (i.e.  anisic  acid  in  which  1  al.  hydrogen  is  replaced  by 
amidogen,  NB»),  that  is  as  C*H'N»0«.C»H;(NH»)0». 

The  reactions  of  diaaoanis-oxyanisamic  add  are  similar  to  those  of  diaabenao- 
oxybenxamic  acid.  With  hydrochloric  aad  it  gives  off  nitrogen  and  forma  hydro- 
chlorate  of  oxyanisamic  acid,  which  remains  dissolv^  and  a  red  amorphoua 
powder  C'H^'O',  which^  when  purified,  exhibits  the  eharacters  of  an  add: 

2C'»H'»N*0'    +     2HC1     +     H»0      -       2(C*H»N0*.Ha)     +     C'«H»'0»     +     K«. 
Et hylic  diozDanis-oxyaniaamate  {vid,  *n/.)  bebavca  with  hydrochloric  add  in  a  similar 
manner.      Chlontninic  acid  is  never  formed  in  this  reaction,  neither  it^  bJ1ommii^ie 
Vol.  IV.  U 
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03Li!THYX».    Tliif^  imme  in  appli*'fl  to  proxid©  of  ethyl,  C*TT*0,  #'iitmng  into  c 
binntion  as  n  monntomic  radicle*  (Het*  Etbvlenr-iia9p.»,  li.  M3,  ami  FHOsPHoRiTg-BABWi.yj 

Liobeti  (Ann,  Ch.  Pharni.  cxxxiii.  2H7)>  by  trojiting  the  chluriDatrd  d»^nvtitiTe8  «€ 

*^thylic  oxiJf,  (C^H*)'0,  with  ethyLte  of  sodium  or  ulcotiolie  potiuh,  baa  obtfiuied  com- 

poundfl  coDsifttmg  of  ethyllc  oxidt^  in  wh]i!lj  1  or  2  tit  hydrogen  is  r^'placed  by  ox^thyL 

C"H*C1  I 

o,   Oxctktfl'chfordhj/lte  <mde,  ^^yrtp^j^^.^^O.~—Thh  compound    w    obtains    by 

treating  diclilorct hylic  oxide  with  un  iilcoholie  solutiou  of  »odium  : 

The  action  bpgins  at  common  t«mppmturi?»,  but  reqiiiros  tbo  aid  of  a  g«ntl6  heal  [ 
to  (Maraplet'e  it.  The  alcoholic  liquid  jh  theu  to  be  mixed  with  a  large  quaotity  of  water  j 
to  diasolre  out  the  chbride  of  ftoaium,  and  the  oil  which  at^paratea  washed  with  water,  i 
Alcoholic  potafih  acta  in  a  aimllar  manner,  bat  girea  rise  at  the  fiame  time  to  th*^  fbrniar  I 
tiou  of  a  considerable  quantity  of  resinoua  products.  ' 

The  oil  obtained  aa  aboTe  consUts  mainly  of  oxetbyKchlorethylic  ox  id  a, 
which  is  heayier  than  wate^r,  has  a  rery  agpf^eable  refreghixig  odour,  and  hoiis  at  159*,  ^ 
It  ia  diiiicult^  however,  to  obtain  this  <^>m pound  pure,  as,  according  to  th«  greater  or  , 
smaller  muinhty  of  »odium*ethylat(*  employed,  the  product  is  contaminated  either  witli  ^ 
dioxethyl-i^thylie  oxide  {tnd.  inf.)  or  with  dii'hiorethylic  oxide.  The  latter  may  : 
hi*  removed  by  heating  the  oil  to  WQ^  with  aqueous  potash,  hut  the  remaining  oil  ta  , 
atiU  oontammated  with  a  more  biplily  chlorinated  product. 

$.  Ditmtth^w  oaidet  QxTTiQfQ:>0J(O— Obtained  by  heating  dichlorethylic  oxido 

in  a  sealed  tube  for  aome  houn  to  about  140^,  with  exceaa  of  alcoholic  potash  or 
£odium>ethylat'e : 


The  product  is  washed  with  water  or  solution  of  chloride  of  calcium,  and  dried  orer 
chloridp  of  calcium.  Wb^n  thus  purified  it  is  lighter  than  water,  and  boils  at  about 
168°. 

7.    Eih^i-Qgfthytie     oxide,    ^*|^^lL{o.~When      ediyl-chlorethylic 


oxida 


C"H*C1  C*^*  *^*  product  obtained  by  the  action  of  zine*ethyl  on  dichlorethylic  etheri 
is  treated  with  sodium-cthylate  or  alcoholic  potufth,  and  the  product  treated  with  water 
as  abore,  an  oil  is  obtainM  consisting  <*hiefly  of  etbyl-oxet hylic  oxide,  together 
with  a  very  small  quantity  of  another  cfim pound  boiling  at  70°.  The  pfindpd  fo- 
aotion  is  represented  by  the  aquation  : 


C«H*C1 


lo 


+     KC^HH)      ^ 


^5*(5!M*l  to 


KCL 


See  OxYOEN. 


Ethyl-oxethylic  oxide  is  an  oil  of  ethereal  odour,  lighter  than  water* and  boil  ir 

By  using  sodium-methylate  instead  of  sodium -et  by  late,  and  Jtinc-methyl 
xinc'ethyl.   a  whole  aeries  of  compounds  Uiight  be  obtained,  homologous  witn  rnoie j 
just  described     (Lieben.) 

aaCSTKTXiSWS^BASBB.     Sec  Ethvlens- bases  (ii.  593). 

OXaTSTIfTmZSTHTXi'PllOSPHOWZirK.     See  PiiosPBOKtTS-n^SCS* 

OXBA^siUTll.     Byn.  with  ApoFHYLLira  {h  357 )v 

OKxa^A'xxoir.  ^ 

^_-    ^-^    _^^  *  f     Products  of  the  deoom position  of  J 

03COirrG  ACXD.    8yn.  with  GLTCoLttc  AaD.     F.  Be! 
to  thf»  acid  obtained  by  the  action  of  nascent  hydrogen  rm  i 
it  to  l>e  a  distinct  acid  (se**  li.  910,  No.  8V 

OXUSXC    ACZH.      WhiU  yurpurte  mnd. — T^ 
q n e I  in  to  a  product  obtained  by  treatiiifi  uric  i 
with  lime  ;  it  appears,  however,  to  hare  been  i» 
aeiiL     (See  Gmrhn*a  Handbook,  x.  169,) 

OXYAC AWTHXM ,     A    bitter   no^ 
jitbrHSchr.  pr  Phami.  viii.  o7S)  fr»m  I* 

oxTACAXtTrazirx:.  C'^H'^N' 


irtr!'''" 
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W acker,  Jahie«b.  1861,  p,  545).— An  alkabHl  o3ti»tiiig.tog*?tli<»r  %»itij  berl>efifie,  iii  iJi»^ 
root  of  BerhfTtM  vtd^ri*.  To  «xtmct  it,  th«  root  i«  exhuu^ted  with  nloohol,  ii  llttli- 
wtit^r  IB  added  to  the  ^xtraot^  and  the  alcohol  is  distilled  off  The  remaioing  liquid 
d<*pQ«its  a  peiin,  which  mwst  be  Beparated  bj  filtration,  and  the  liltrat^?  when  eonc«n- 
trat0d  deponitfl  crystala  of  btfrbfriiie.  When  the  mothi^r-Hquors  no  longer  yield  this 
bue,  they  are  to  be  diluted  with  four  mea«urei  of  water  atul  precipiUied  by  carbooat*! 
of  lodium,  the  predpitate  washed  with  eold  water  and  diaaoked  in  ddute  snlpharic 
acid,  the  solution  decolorised  with  auimai  charcoAl,  and  the  oxyaoauLhiiie  again  pre- 
dpitat^d  by  carbonate  of  lodiuin,     ^P  o  I  e  z. ) 

Oxyacatithioe,  when  pore,  is  a  white  powder  ordinarily  with  a  yetlowiah  tinge.  It  may 
be  obtained  in  the  erystalh'ne  Ktate  by  fipont^af^oua  evaporation  of  its  alcoholic  enlutiou 
tnLxed  with  a  quftotity  of  water  not  sufficient  to  winder  it  turliid.  It  has  a  bitt«r  ta^te, 
tumi  brown  on  expo«nre  to  air  and  light,  melts  when  faejited,  and  gives  off  water,  em- 
pyrenmatic  vaponn,  and  ammonia,  leaving  a  carbonnceons  residue  (Pol ex).  It  melt? 
at  1 3^*,  and  decompoaes  at  a  higher  tem peratiure  ( W  a  c  k  e  r).  It  i  s  nearly  in soltibV  i  n 
eold  water,  bnt  when  recently  predpitated  it  diasolrea  in  a  small  qiij*iititj  of  boiling 
water.  It  is  soluble  in  alcohol,  ethor,  and  ofls  both  fixed  and  voktile :  its  solution* 
bare  an  alkaline  reactton  (Poles),  Aeoordiug  to  W acker,  it  di^solTcs  in  30  pts. 
of  oold  alcohol,  aod  in  its  own  weight  of  boiluig  alcohol  of  90  per  cent.;  in  125  pt>i. 
cold  and  4  pts,  warm  ether,  also  in  chlon>fbnn.  When  precipitated  by  ammonia  from 
its  salts,  it  dissolves  in  a  large  excess  of  ammonia,  much  more  easily  in  caot»tic 
potash,  not  in  alkaline  carbonatM. 

Qzyacanthine  is  decomposed  by  mint^ral  acids.  Nitric  ac'd  when  boiled  with  it  flr«t 
fMinises  it,  and  then  converts  it  into  oxalic  acid  and  a  body  resembling  berb*rine. 
which  is  predpitated  in  yellow  flocka  by  water  (Polei).  With  iodic  acid  and  a  smaU 
quantity  of  water,  it  separates  iodine^  assuming  a  yellow  or  brown  colour,    (Wacker.) 

AirKiried  oxyacanthine  has,  acoordtng  to  Wack  or,  the  compos  it  ion  C^^H**N*0'*.H*O. 

The  salts  have  a  bitter  taste  (Pol  ex).  Tbe  Aj^rfnTcJl/r.ra/>',C**H^N*0'».2HCl4H*0, 
crystallises  in  white  nodules ;  so  likewise  the  sttlpkatr,  and  the  leas  soluble  miraie, 
which  contains  4  at.  water.  The  ojtahUe  crystaUises  in  sparingly  soluble  needles ;  the 
aeetaie  is  nncrystalUsable.     (W  a  c  k  e  r,) 

The  neutral  solutiuu  of  the  acetate  gives  a  white  precipitate  with  tincture  of  gulU, 

nitnUe  of  silver^  nx^rcuric  chloride,  tartar-emetic,  and  stannons  chloride;  brown  red 

with  iodine;  yellow  with  platinie chloride  and  pierie  add:  it  is  not  precipitated  by 

I  merctiroQS  nitrate,  ferric  chloride,  nentral  or  msie  acetate  of  lead,  copper>sa2ts  or 

;  ifelatin.     (Pol ex,) 

^'      In 
OXTAVZSAJICtC  ACXB.     Cm»NO*     -      {C"H»0)'"ln^— Already  described  as 

an  ftnisamie  seid  (i  296)i^-^The  rational  formula  just  given  represents  it  as  derived 

frank  a  triatotnie  and  monobasic  oxyaaisic  acid,  C*H*0*  =  (C*U^0)'"^O*.  It  may 
akoberegaided  as  amido-anisie  acid,  C*H\NH')0«  H        i 

C^F!*'N'0».C'*H*NO*.  (P,  Griess^^^jBHwrro.  cxiiL  337;  cxvii.  44;  JahiMb. 
1  7;  IH6I,  p,  4 1  i ),  —  Aj^^^l^^Bpd  by  the  action  of  nitiotts  add  or  a 

r  on  an  alcoholic  solul^^^^^^^^mie  acid : 

[?»«H'*N»0*     4     2H'0, 

Tlir  r<  r^hoTi  ntiil^^^^^^^^^^^^^^Bemperature,  and  all  excess  of  mi^mm 


^[reenish-ycllow  aiaoc|4ii 
diasobenso^ajbcmaiiie  ^'"Mf 
ible  moleenle  of  <Mar»ii»«"*gy*J^ 
Irogen,  and  kt^tm^*^  *^  -^w 
a  a  eootpoiuBa  «f^'  L'Jt  •*—  _ 


^    mn^  '^^^^ 
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arid  produced  by  the  actton  of  hydn^bromic  ncid  on  diazoanis-oxyaniBiunie  arid. 
Ilydriodif  tkrid^ on  the  contT&rj^  {orm»iod Alii aic  acid  and  hjdriodi^te  of  oxy- 
anisic  acid: 

C'«H'»N*0«     +     2HI       =      C"HMO'     +     C^H'NO'.Hl     +     N*, 

Thp  iodaniffic  acid  s^^rat'ea  oa  a  reddiali  crj5t4dlino  mafia,  luid  when  purified  funnii 
small  needles  easily  soluble  in  alcohol  and  ether,  nearly  iniiolable  in  water.  The  hydro- 
chlorate  of  oxyauisanaie  acid  which  remaina  in  solution,  may  be  obtained  in  steUittc 
groups  of  laminae  and  nec^dlt*. 

Biazoanin-oxjanisamic  acid  guspecid*^d  in  Iwiling  alcohol  is  decomposed  by  nitmuu 
acid,  with  evolution  of  nitrogen  aJid  formation  of  niiiaic  mid  and  acetic  aldehyde  : 
C'"H'*N»a«     +     HNO*    -i-    2C«H'0     =     2C*H»0»    +     2C'H*0   +    2H'0    +    N*. 

DkniioAnii-axy-  NItroul  AicoboL  AqhIc  acid.  Ald«hjd«> 

aitliiimkc  AC  lid.  ftcid. 

Alkidia  deoompo6e  diazoanlB-oxyiiDi^amic  acid,  forming  ozyomaamic  odd  Aod  the 
abore-mentioncil  red  body  C'*H'*0*. 

The  diazoaniB-oiyanisamatea,  C'*H"Ara'0'  or  C'*HJ»M"N»0«  (according 
to  thp  atomit*ity  of  thn  metal),  are  very  wnBtuble  in  solution,  but  when  dry  they  cam 
bear  a  heat  above  160*^  without  deoompa-^ition.  The  alkali^metfll^^alts  are  Boluble  in 
water;  the  rest  are  yellow  orgreeniflh-yfllciw  predpitatea. 

The  ammonium-»aU  forms  golden-yellow  lumin*,  and  decomposes  rapidly  wh«n  ita 
aqueous  solution  ia  boiled.  The  potasiium-sulf,  C'"H"K*N"U*/2HK),  forma  goldMi- 
yfllow  laminaa  which  give  off  three-fourths  of  their  water  at  120^,  the  remainder  a^ 
Iibuut  160^;  ut  180°  the  salt  decomposea  with  slight  detonation.  The  sodium*salt, 
2C^*H"Na*N*U*.3H*0»  crystalliBea  in  goldra-yellow  six-»ided  tableta.  The  puiffnrsiuw* 
^(dt  formB  greenish-yellow  crystals  sparingly  aolublp  in  wattr. 

The  €tkcrii    of  diaaoanis-oiyanisamic  acid  are  prepared  \ey  passing  nitrous  arid 
vapour  into  aleohoUc  sohitione  of  the  correspoiiding  oxyanjsamic  ethem.     The  ttk^lie 
tther  is  easily  eolnble  in  hot  alcohol,  whence  it  etyistAllifteB  on  cooling  in  narrow yeliow« 
red  lajninsc ;  it  is  iikewhte  sohibk  in  tither»  but  insoluble  in  water.     The  methjfHc  ctker  ^ 
is  exactly  similar. 

H' 

omrr^mmtJkmio  j^oxb,     C'H'NO'     =    (CH^Of  }^-      Bimt4tmk    acid. 


Amidobeti£oie  mcid.  (Z  i  n  i  n,  J.  pr,  Chem.  xxxvi,  1 03.^C  h  a n  c  e  1,  Compt.  rend,  xxri ii. 
421— GerUnd,  Ann.  Ch.  Phorm.  Ixixvi.  143;  xci.  185.— Voit,  iMd.  xcul  loa>— 
This  acid,  the  amic  acid  of  oxj  benzoic  acid  C'H'O",  was  formerly  ealled  Ben  ramie 
acid  ,'■  but  the  donominatioD  is  improper  aoce  benzoic  add  is  monobaaio  and  cannof 
form  on  amic  acid  (i  165).  It  m«j  ako  be  regarded  as  amidobeneoic  acid 
C'HHNH')0*,  that  is  aa  bensoic  add  in  which  1  at.  hydivogen  is  replaced  by  amidogen. 

It  i&  metameric  with  phenyl -earbamic  aeld,  (CO)"  >^. 

It  is  best  prepared  by  dipsolving  nitrobeuioic  acid  in  aqueous  ammonia^  and 
SMiurating  the  boiling  solution  with  sulphu ratted  hydri^en,  air  Ixring  ^icluded  as  far  as 
possible .  The  liquid  is  decanted  from  the  separated  sulphur,  and  neutralised  with 
areticttctd,  when  it  deposits  Cfystalsof  oxybenxamic  acid,  which  are  purified  by  reciTatal- 
lisation  from  water  (Oerland).  Sphiff  (AniL  Ch.  Pharm.  ei.  94)  obtains  jt  by 
digesting  nitrohenzoic  acid  with  iron-fit in^  and  neetic  acid.  Chancel  obtaina  it  by 
boiling  oxybemodtamide  with  strong  potash  until  ammonia  ceases  to  escapev  utd 
super-aaturating  the  liquid  with  acetic  ai^id.  The  foUo^nng  are  the  reactioni: 
C'H'KO*     +      3H^       =        C'H^NO*      +     2HK)     +     S^ 

Nktrobe<i*olc  •eld*  OxjrlMTHjtwmic  »cld. 

C^H»N=0     +     KBO      -      C'H-KNO»     +     NH* 

OmybenacKltamid'e.  PotuiLc  Oxj b«)ia.i»&te. 

Oxjbenscamir  acid  forms  while  crystalline  nodules^  or  transparent  needles,  arcordiog 
as  it«  iiqueouB  Holutioti  is  eraporated  mpidly  or  slowly.      It  has  a  sweetiftb-sour  taBt«-, 
jmd  rtfddens  htraus  strongly  ;  is  spiringly  m^lubh^  m  cold  V'atrr ;  readily  in  boiling 
wuter^  afcohiil  or  €ihcr.     It«  solution  d«?ompose8  by  ejcposure  to  the  air,  and  yielda  a 
brown  resinous  substance.     When  heated,  it  melts,  g^ves  off  irritating  vapoufs,  and  ^ 
leaves  an  abnnd&nt  residue  of  carbon.     Heated  with  tpongy  platinum^  it  is  decompotcd  | 
into  aniline  and  carljonic  add*      Heated  with  mlii  potath^  it  gives  off   empyi^n- 
matic  vapourff  containing  ammonia,  but  jio  aniline:  under  the  same  rTrnimKaiirtil  , 
] thenylo&rhamic   acid  yields   aniline  abundantly.      Boiled    with /Mimm^ir  mirie  tteidA 
it  i*  converted  into  trinitropb^^nic  (picric)  acid.      When  tiUrou»  addfumet  or©  pmsaed] 
intfi  xtn  aqueous  solution,  mtrogen  is  evolv««d.  and  a  red  amorphous  precipitate  formed,! 
whicit  rr  dnisolves  if  the  action  of  the  gas  is  proboged  :  the  solution  yield*  on  e vapors* 
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lion  trpAAU  of  oxjrWn^oic  acid.  NiirotiM  Hdd  ptsuK)  into  &ti  deuholic  solution  of 
oxyWiixamic  add  ci>nv(>rt4s  it  into  diutobensox^bpiisamic  acid  {tud,  in/.);  but 
wli**D  a  solntion  of  oxjrb^osaniie  acid  in  eold  aqueontt  or  alcoholic  nitric  acid  is  &xpo8«d 
to  llir  action  of  nltroas  acid,  the  product  ooosi^ta  of  iuti%te  of  diat obensole  acid, 
eH*N^O».NHO'.     ^qri*»ft,p.  2930 

Oxjbenzamic  add  in  cournied  into  bensoic  add  hj  boiling  mtb  wat^r  and  peroxide 
^mengamete,  or  fermanganaU  o/potoMnum^  and  bv  ekiorim  {m  an  liquoons  solutioo). 
In  an  alooholk  solatioiii  chlorine  prodticat  a  blaclc  resitiotu  Bub«tance,  intolubli^  in 
u^trr.  soluble  in  alcohol  with  riolet  colour.  It  ia  attadced  bj  potaame  ckromata  and 
9f4//ikun£  add,  earbonic  anhjdride  beinfc  e*Tolv^d. 

M^allie  Ojt^ben^amates.  CH^MO^— These  salts  rcaemble  the  antbraaUaleB 
Tvrj  closely.  The  alkaHne  and  alkaline-earthy  salta  are  n^Adily  soluble  in  water  and 
iiloobol,  and  crjRtallij^  vrith  difficulty,  Whfin  heuted  with  pocaah  or  lime  they  erolve 
oarbDnte  anhydride,  aniline,  and  Hmroonia.  The  coppfr-eait  is  a  green  precipitjtTC', 
insoluble  in  water  and  alcohol,  soluble  in  acids.  Tliere  are  three  iead-^alU;  our, 
p(tlv«nileiit  and  inaolnble  in  water;  anotber  forming  sparingly  soluble  needles;  a 
third,  more  aolable,  forming  shining  laminie.  The  iilver-lalt  is  a  wMte  curdy  precipi- 
tate, which  soon  becomes  crj-stalline ;  in  boiling  water  tt  becomes  Tiolet-biown,  but 
do«s  not  disaolre  ;  it  b  decumpo«ed  when  heated  abore  lOO^. 

Oxy-benramic  tihers,  (Chancel,  Compt  ri*nd.  %xx,  761.)^ — The  only  two 
known  are  tbe  oxmbauamate  of  methyl,  C'H*(CH')NO».  and  of  ftht^l,  C^H*(C*H*)NO» 
They  are  obtained  by  the  action  of  sulphide  of  ammonium  on  the  corresponding  nttro- 
bengoates;  on  the  addition  of  water^  they  separate  as  heavy  oily  liquids,  and  are 
parillnd  by  repeated  solution  in  alcohol  and  precipitation  by  water,  Pota«!h  convcrtJi 
them  into  oxybcnzatnic  acid  and  the  corresponding  aloobol ;  ammonia,  into  oxybeoBO^ 
diamide  and  the  corresponding  alcohol: 

C-H-'NO*     +     NH"       «       CH'N'O     +     CrH»0. 
Okf  ben«iiw«t«  rtliyl.  Oxfbmuindlaialda. 

Like  phenyUearbamic  arid,  oxybenzamic  acid  cofmbinee  directly  with  acids.  The 
kt/tlrftchlnraif  of  oxybenzamic  at-id,  C^H*NO',HCl,  separates  in  groups  of  needlen,  whi»n 
hydrochloric  acid  is  added  to  th*  liquid  obtained  by  treating  nitrobenzoic  add  with 
snlphide  of  ammonium  (Voit).  With  dicbloride  of  plutinum,  it  forms  a  yellow  ehjirrn* 
nMMtflf,  2C'H'N0».H*Cl",Pt»'aV  The  nitratr,  C'H'N0*.NO*H,  is  formed  when  oxy- 
Dennmie  acid  is  heated  with  nitric  add ;  the  acid  diBwilres  quietly,  and  crystala 
sepamte  out  on  cooling,  which  are  repeatedly  crystallised  from  water.  It  forms  thin 
lamina,  permanent  in  the  air,  and  Njluble  in  wati^r  and  aloobol.  The  tulphatf^ 
2{ C'H'NO* ).S0 *H *,  is  formed  when  oxyb*>nzamic  acid  is  dissolved  in  strong  sulphuric 
acid.  Ifeatiserolred;  and  the  mixture  eolidifiefi  on  cooHug  into  a  moss  of  shining  cry  «tals, 
which  are  purified  by  recryfitalliMition  from  hot  water.  If  is  permanent  in  the  air.  and 
has  an  intensely  Rweet  taste.  It  is  partly  decomjwaed  by  hot  wat^r,  sulphuric  and  oxj  ben- 
samic  acids  being  formed;  the  same  decomposition  is  effected  by  potash*  by  the  carbo- 
natee  of  barium  and  lead,  and  by  boiling  with  chloride  of  barium.     (Gerland.) 

R  T.  a 


n 


C*H*0 
H 


(G.  C.  Foster,  Chmt. 

Soc.  Qu.  J.  xiiL  235). — This  add,  metameric  with  hippuric  add  (bensoxaceiamic  acid^ 
H      V 

(C'H'OV TO*  ^**®^®*  "^*  ^^*)*  "*  produced:  1  By  heating  osxybenaamic  add  with 

acetic  acid  to  130° — 140^  in  a  aealed  tnbe : 

C'lPKO*     4-     C*H'0«      =r      <?H»!^0«     +     WO, 

2.  By  the  action  of  chloride  of  acetyl  or  acetic  acid  on  oxybenfamate  of  sine : 

C**Hf»Zn'N«0*     +     2Cm»0Cl       -       2C»H»NO*     +     Zn^Cl^ 

The  first  proceas  is  the  beet.     The  product  is  di^solred  in  an  alkali,  predpilated  with 
hydrochloric  add,  and  purified  by  recrystallisat  ion,  with  aid  of  animal  chaieoaL 

AcetoxybenEamic  acid  is  a  white  powder  consisting  of  jnicroscopic  crystalH,  nearly 
insoluble  in  cold  imter  and  rthtr,  sparingly  soluble  in  boiling  water,  easily  in  iMjiling 
ukohU.  like  hippuric  add,  it  dissolv*^  easily  in  ordinal^ pho^pkaU  of  »ndinm,  forming 
an  add  solution  fnm\  which  it  is  precipitated  by  acetic  actd  and  by  mineral  acids.  With 
tfron^  itulphnric  odd  and  ^fncinl  acetic  acid,  it  forms  colourless  solutions  which  aru 
pnH*ipitated  by  wnter.     With  kt/drvchforic  add  niitw  ncids  it  appears  to  form  solid  but 

u  2 


•  Qf  appears  to  be  pro- 
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easily  decomposible  componnds.  It  saibliroes  at  200^,  melts  between  220^  and  230^, 
and  begins  to  boil  at  260^.  It  is  not  decomposed  by  boiling  with  water  or  with  dilute 
acids,  but  when  heated  with  hydrochloric  or  dilute  sulphuric  acid  to  140^  in  a  aealed 
tube,  it  is  resolved  into  acetic  acid  and  (hydrochlorate  or  snlphate  of)  ozjbanzBmie 
acid,  just  as  hippuric  acid  is  resolyed  unaer  similar  circumstances  into  benzoic  and 
oxyacetamic  acid  or  glycodne  (iii.  168) : 

C»H»NO«     +     H*0       =      C«H*0«     +     CTHTJO'. 

When  treated  with  an  alcoholic  solution  of  hydrochloric  acid,  it  yields,  slowly  in  the 
cold,  more  quickly  at  100^,  ozybenzamate  and  acetate  of  ethyl,  together  with  ^e  free 
adds.  When  nitrous  acid  is  passed  into  a  boiling  solution  of  acetozybenzamic  acid, 
or  when  a  mixture  of  the  latter  with  nitric  acid  is  treated  with  nitric  oxide  gas,  aso- 
compounds  are  produced,  but  no  acetoxybenzoic  add. 

Acetoxybengamates. — ^The  potassium-  and  sodium^salts  are  easily  solnUe  in 
water  and  in  alcohol,  insoluble  in  ether,  and  difficult  to  aystalliBe.  The  sodium-salt 
dried  at  120®  has  the  composition  C»H«NaNO«.— The  barium-salt,  C**H>«Ba'TJKH.8H«0, 
is  also  easily  soluble  and  crystallises  in  slender  needles. — ^The  calcium-salt, 
C*H"Ca'T^«0*.3H*0,  is  deposited  6t)m  the  hot  solution  in  thin  rhombic  laminae. — The 
lead-salt  is  a  white  predpitate  which  melts  in  boiling  water  and  gradually  dissolres.  — 
Nitrate  of  silver  and  chloride  of  sine  do  not  predpitate  moderately  strong  solutions  of 
acetoxy  bensamates. 

Ethplic  oxifbenzamate  appears  to  be  obtained  as  an  oily,  gradually  solidifying  com- 
pound by  heating  acetoxybensamic  add  with  alcohol  to  150^. 

H 

BenmnybeBMunte  Aeia,    C>«H>>NO*     »      (C'H'O)'' 

H 

duced  by  the  action  of  chloride  of  benzoyl  on  oxybenzamate  of  zine.  The  product, 
which  is  insoluUe  in  «ther,  sparingly  soluble  in  water  and  in  alcohol,  and  resembles 
juseioxybenzamie  add  in  taste  and  in  appearance  under  the  microscope,  is  probablj  iden- 
tical with  the  glycobenzamic  aeid  which  Ca hours  obtained  (Ann.  Ch.  Phaim.  dii.  90) 
by  treating  oxybenzamate  of  siWer  with  chloride  of  benzoyl     (Foster.) 

SiasobeBmo-ozjbensuiiio      or      JMasobenao-amidobeBaoie      JILetd. 
C><H»»NK)*=C'H*NK)«.C'H»NO«.    (P.  Griess,  Ann.  Ch.  Pharm.  cxrii.  834 :  cxrii.  1.) 
— This  add  is  a  product  of  the  action  of  nitrous  add  on  oxybenzamic  add : 
2C'H»N0«     +     NHO«       -       C"H"NO<     +     2H«0. 

It  may  be  rep;arded  either  as  a  double  or  conjugated  add  composed  of  a  molecule 
of  oxybenzamic  .add  assodated  with  a  molecule  of  benzoic  add  having  2  atoms  of 
hydrogen  replaced  by  2  atoms  of  monatomic  nitrogen*  as  represented  by  Uie  preoeding 
fbrmu^,  or  as  a  double  molecule  of  oxybenzamic  acid  having  3  atoms  of  nydrogen 
replaced  by  1  atom  of  triatomic  nitrogen,  in  which  case  it  may  be  called  azo-dioxy- 
benzamic  acid,  and  represented  by  the  formula  C**(H"N'^)NH)*.  The  former  is  the 
Tiew  adopted  by  Qriess  for  this  add  and  its  homolognes. 

It  is  prepared  by  passing  nitrous  add  vapour  into  an  alcoholic  solution  of  ozy- 
benzamic  acid  extemaUy  cooled  (the  aqueous  solution  does  not  yield  a  pore  prodoet), 
or  better  by  mixing  nitrite  of  ethyl  (obtained  by  saturating  alcohol  in  the  oold  with 
nitrous  acid)  with  alcoholic  oiybenzamic  acid,  and  heating  the  mixture  to  about  80^. 
The  add  then  separates  in  microscopic  ciystals,  which  may  be  purified  by  washing 
with  aloohoL 

Diazobenzo-oxybeuzamic  add  forms  crystalline  franules  or  small  needles  of  a  flue 
orange-yellow  colour.  It  has  neither  taste  nor  smeU,  and  is  nearly  insoluble  in  watsr, 
alcolkU,  ether,  sulphide  of  carbon,  and  chloroform.  Jt  dissolves  in  mineral  acids^  especially 
with  aid  of  heat,  but  does  not  separate  therefrom  without  alteration.  It  dissolves  in 
potash  and  in  ammonia,  and  is  predpitated  from  the  solution  by  acids,  even  by  acetic 
acid.  It  may  be  dried  at  100°  without  decomposition,  but  at  180^  it  explodes  and 
gives  off  gas  with  violence.  Hydrochloric  acid  at  a  gentle  heat,  converts  it  into 
chlorobenzoic  acid  and  hydrochlorate  of  oxybenzamic  acid,  withe  volotioQ 
of  nitrogen : 

C'H*NK)«.C'H'T«)«     +     2Ha       -      C'H»aO«     +     C^'NO«.Ha     -I-     N». 

ffydrtodie  acid  acts  in  a  similar  manner,  produdnp;  iodobensoic  acid  CTH^IO*, 
and  hydriodate  of  oxybenzamic  acid.  A  similar  action  appears  also  to  be  exerted  by 
hf/drojluoric  acid,  hydrocyanic  add,  and  the  bromide,  iodide,  &c,  of  ethyL  Bromine  in 
the  anhydrous  state  acts  with  gpreat  violence  on  diazobenzo-oxybenzamic  add,  nitrogen 
and  hvdrobromic  acid  being  given  of^  and  a  resinous  mixture  formed,  oonsifltiiig  of 
several  brominated  adds.  If  bromine  be  added  to  the  add  suspended  in  water,  the  action 
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itiilc«Spltice  mort- ^uU'tljf,  atiil  n  produd  isottamiMl  from  which  bromobenieoicacid, 
I  CH*BrO',  and  l  n  bto  m  o  b  e  a  so  i  c  acid»  C*H"Br*0'  (or  comp^iiiidH  iaomeric  t  htrewitb)^ 
'  mAjr  be  scpolHted.  Bromi&ated  dei*iirmtiTeei  of  o^ybeiuEotc  arid  and  of  oxybonzamic  tidd 
nrr  {n^obttblj  fonitfld  at  the  same  Hme.  Cklorine  acts  like  bromitie.  lodint  acts  leaa 
rriet^gnteally,  the  dry  rapoura  oot  uttJicktog  the  acid  at  aU;  but  when  iodine  is  added  to 
I'uilitig  water  b  which  the  acid  is  atupendei]^  iodoj^jbeDsoic  acid  in  formed,  together 
with  hvdriodate  of  ozjbenzainie  actd.  The  former  of  these  productii  ia  neai^ 
uiBoluble  in  irateTi  the  latl«r  eaailjr  soluble: 


CH'N0«.H3 


IP. 


C'»H^'N*t>*    ^ 

2C7'H*0   +   NHO»     = 

=     2C'H*0*   +    2C*H*0 

l>tAJabruio^jL)  twu* 

AloolioL          SUrmn 

S4l)hc  »cid.         Ai.k"hjd«. 

n^mic  «rM. 

ftcicL 

Fmamy  nitric  acid  J«compo«t?8  diitzobpnsoKJiZTb^nzamic  acid  with  Tiolence^  and  sett 
it  OD  fire.  OrdiDiirv  ooncentnited  nitric  acid  dlsaulres  it  at  a  gentle  heat,  forming  a 
reddish  liqaid,  whieo  decompoeesai  a  higher  tempcretiire,  with  riolent  evolution  of  rni 
vtipouTM ;  and  the  rematuing  liquid,  when  i*raporated,  yieldi  among  other  prodtu!t% 
cryfttiils  of  trinitroxybensoi?  aeid,  C'H\NO'J'0*,  Nitrams  acid  p»m#k)  into 
iHiilitig  water  in  which  diazoWnzo-oxybenzamie  acid  ia  su^rpended^  ooDTerts  it  into 
nitroi:j benzoic  acid,  C'H\NO*)0',  with  «ToIntioo  of  nitrogrn.  Probably  oxy- 
benzoic  acid  ii  first  form«d,  according  to  the  equation  : 

CHH"N»0*     +     KHO'       «=       2C'H«0'     -«-     WV 

But  if  the  dia£obeD80-oxjbenxamic  acid  be  ra^peoded  in  aleokol  preyioualj  tmturated 
^ixh  iittroaK  acid,  an  additional  quantity  of  nilnnia  gM  then  paased  into  it^  and  the 
uieohol  Hftcrwanbi  eraporated,  a  red-brown  residue  u  obtained,  consiatitig  ehit'fly  of 
n al  y  1  i  c  a c i d.     The  reaction  appears  to  take  place  as  fbllowa : 

When  a  eolutioa  of  diaEobenso-oxybenzamic  acid  in  aquMua  ammonia  it  emporatcd  till 
nitrogen  ceames  ioetcape,  tlion  n  little  further  concentrated  on  the  water-bath,  and  mixed 
with  hydrcehloric  acid,  a  red  amorphous  flubfltonce  ieparateti,  having  jippari^ntly  the  coni- 
p»oeition  C**H"0* ;  and  the  liquid  retainB  oxybenxamic  acid  combinea  with  hydrochloric 
acid: 

2C'»H"N*0*     +     H*0       -      C"*H»*0»     -»-     2C'H^N0^     +     Nn 

Diaxobenzo-oxybenBamat<<'9.  The  acid  dissolves  in  alkalis,  neutralising  them 
coiDpletely,  und  expehi  carbonic  acid  from  carbonates.  The  general  formula  of  it#  salts 
ia  0'*H*M*NK)*,  or  C**H*M''N*0*,  according  to  the  atomicity  of  tbo  meUl  The  diazo- 
benxo^oxybenzamatea  of  the  alkali-metals  are  easily  soluble  in  water,  stable  when  dir, 
but  decompose  easily  in  solution,  giving  oiF  nitrogen  gan.  With  ^ohitions  of  theeaith* 
meliilsand  heavy  metals,  the  arid  forme  insoluble  or  sparingly  soluble  precipitatea. 

The  <»»i««o»i«w»-#a/l,  C'H*^NH')*N*0\  forms  microacopiG  De«dle«.  The  so/autttm* 
salt,  C'H»K*N"0\  ia  best  prepared  by  diasolving  the  add  in  a  laige  exoa««  of  carbonate 
of  potassium  heated  to  about  80^.  It  then  separates  on  cooling  in  extremely  small 
veJlowiah-wbite  needles,  which  f^hibit  brilliant  iridescence  while  floating  in  tlie  mothf^r- 
liquor.  It  diasolves  readily  in  hot  wnter^  rrystallising  therefrom  in  nodules  ;  sparingly 
in  a  strong  solution  of  carbonate  of  potassium;  not  at  all  in  alcohol  or  ether.  After 
drying  in  the  air,  it  does  not  give  off  any  thing  at  160^»  but  detonates  at  a  higher 
tempemtare.  The  aodinm'salt  <^om\j  resembles  tlie  potaaaium-salt.  The  bariuni'aalt^ 
C'*li*Ba''NH>*,  is  obtained  by  mixing  the  solution  of  the  potaaaium-salt  with  nitrate*  of 
bariumt  a*  ^  yellowish-white  crystaUine  precipitate,  nearly  insoluble  in  water,  quite 
insoluble  in  alcohol  and  ether.  The  eakium-mUt  ia  Terr  fimikr.  The  mmnetiym'Saii 
dTstallisea  in  yellow  needles  often  grouped  in  tmall  spnezve,  readily  aolable  in  water. 
The  ferric  salt  is  a  yeEow  precipitate.  The  rinc-nalt  is  yellowifih,  amorphous,  inaoluble 
in  water.  The  coppersaU  when  dry  is  a  greeniith  amorphous  powder.  The  mereitric 
aaft  is  a  ypllow-green  precipitate.  The  ^iltftr'aalt,  C"fl*Ag*N*0*,  obtained  hj  tr(>ating 
a  nivutral  solution  of  the  ammonium-salt  with  nitrate  of  silver,  is  a  groenisb'yellow 
gtlatinous  precipitate^  yellow  when  dry,  insoluble  in  water,  alcohol,  and  ether^  per- 
manent ut  100°  C,  detoniiting  at  higher  tt^mperaturea. 

1} iazobenti}'93:^htnt am  ic  ethers.  The  etkytic  compound,  C* *H»(C^H*)»N*0*, 
is  obtained  by  passing  nitrouii  acid  gae  into  an  alcoholic  aolution  of  ethylic  oxjbenzamate, 
and  separates  in  yellow  crystaba,  which  quickly  increase,  and  cause  the  liquid  to  solidify, 
if  not  t.oo  dilute.  By  washing  with  eotd  alcohol,  and  redystAllisation  from  boiling 
alcohol,  the  ethtT  is  obtatii«Ki  in  goldL^u-vellow  capillaiy  needlea.  It  is  insoluble  in 
water,  moderately  soluble  lu  boiling'  jJcohol  and  ether.  Melts  at  144**,  but  doea  not 
solidify  again  titl  it  ha*  been  ktpt  fijr  a  day  at  »  low  temperature.  When  strongly 
heated,  it  decumposes  witli  evolution  of  nitrogen.  It  diasolves,  though  with  difficulty, 
in  dilute  acids,  and  ia  preeipitattrd  by  ammonia. 


fiM 
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ThB  meikyiie  ether,  C**H*(CH*)*N»0*,  nmy  beprqmred  ltk«  the  ethyl compattud,  *^ 
better  by  pasftitig  nitrous  Heicl  into  tin  olben'al  solution  of  inethylie  oxyb«'nsMm»Te.  It 
•fiparHtes  in  crystallint?  ephemles,  which  dissolve  with  moderate  ncDitj  in  warm 
atcohol,  and  Bepimtte  on  cooling  either  in  the  same  form  or  in  oblue  Ittiiwt-ahjij^l 
yelloir  crystal*.  It  ib  indolublc  in  wator,  mclta  at  16<)°,  and  exbibita  the  nnie  peculi- 
arity in  aolidifying^  aa  the  ethyl^compound,  which  it  likewise  Feaemblea  in  Qther 
fespecta.      (Griesa.) 

UtaaoHanjiolo  AOid*    C'H*K»0'  *   ^'^^^**^?0,     (Orieas,  Aim.  Ck   Phum. 

cifx,  1 '16).— This  acid  la  eeparated  by  aUulis  from  ita  compound  with  nitric  ac?id»  na  a 
yellow  maiM*  whit-h  quickly  deoomposea.  Ittiml«e  with  other  acids,  namely  witli  nitric 
and  hydrochlorie  acid*,  and  with  oxybenzamic  acid,  fonning  th^  acid  jiwt  d*^mbed. 

mrat^-dicuoh^Hzuic  acid,  C^H*N»0*  -  C'H'N'O-'.NIIO*,  is  prodac*^d  by  tb^  arfiion 
of  nitrous  acid  on  a  cold  aolutiou  of  oxybenzamic  acid  in  aqueous  or  alcoholic  nitric 
acid.  It  Bepflratc'5  from  the  solution  in  white  prisms^  which  disaoWe  eparin^y  in 
cold  water,  and  explode  violently  whc^  heated.  Boiling  water  decom|Hje<sa  it  quickly, 
with  erolntion  of  nitrogen,  separation  of  nitric  acid,  and  probably  with  formation  of 
oxybcMoic  acid :  perhaps  thus, 

Eiktflk  nitrato-dicurobcn^oaU  ia  obtained  by  tho  action  of  nitroue  acid  on  ethyb'c 
hitntto-oxyltonwimate ;  its  aqueous  eolution  mixed  with  auric  chioridi  yields  agold-aalt, 
C^H'(C'jr*)N*0'*HCLAuCl',  which  cryatailisea  from  alcohol  in  golden -yellow  prisma. 

The  pUitinum-MaU  0/  ckktrhydmto^diasQhenzoic  acid^  2Cai*N*0'.2HCl.Pt»*Gl*,  is 
(vlitainea  in  y^Uow  prisms  on  mixing  an  aqueous  solution  of  nilrato-diaxobenzoic  aeid 
with  pUtinif!  chloride.  When  tivated  with  sulphydric  acid,  it  yielda  Bulpbozybea- 
r  0  i  c  a c  i  d^  probably  thiis^ 

2C^fl*N*0«,2flCl,PtCl'     +     4H'S       =       2C'H»0'S     +     eEQ     +     PtS*. 

IHoxybenxaxnlo  Acid.    C'H"N'0'   =  (C^H»0)">q.    (Voit,  Ann.  Ch.Phann. 

xcix.  1U6.) — TbiB  acid,  which  may  bt>  regarded  aa  a  diazoic  acid  derived  from  a  hypo^ 

thetieal  dioxybenioic  acid,   ^     m  '   [0»p    or   else   aa   diamido-benzoic   acid, 

C^H*[NH*)»0',  is  formed  by  the  reduction  of  dinitrobenzoicacid  hj  salphuretted  hydrogeii 
or  ferrous  acetate.  A  hot  aminuniacal  solution  of  dinitrobenzoic  acid  is  saturated  with 
xulphurt^tcd  hydrogen^  filterf>d^  evaporated  on  the  water-bath,  saturated  with  hydro- 
L'hluric  acid,  and  filtered  hot :  and  thn  crystals  of  by  drochlorato  which  separate  ar« 
converted  m%f>  sulphate,  and  decomposed  by  barytic  carbonate.  Thf  filtrate  00  evapor- 
stiou  (first  over  a  water- bath,  finally  over  sulphuric  acid),  yields  BmiU!,  greenish,  points! 
crystals  of  dioxybenzamic  acid,  which  have  no  taste,  are  neutral  to  littous,  and  solnH*"  in 
water,  alcohol,  or  ether ;  they  melt  and  blacken  at  19£°,  and  cannot  be  sublimed. 
Kitrous  fumes  passed  into  its  hot  solution  fkim  a  red  resinous  maas. 

This  compound  is  no  add,  for  it  do^^s  not  combine  with  bases ;  on  the  contrafy,  it 
combines  with  several  acids,  fonning  definit* ,  mitf^tJy  crystallisable  salts.  The  oeetaU, 
obtained  by  decomposing  the  sulphate  with  acetate  of  barium,  turns  brown  on  e vapor* 
ation,  and  finally  deposits  bTOwnish  prisnmtic  crystals*  The  impure  kydroekiotttU 
obtained  as  above,  is  purified  by  solution  in  water  and  addition  of  hydrochloric  acid; 
the  pure  compound,  C^U'*N*0^2HC],  is  then  obtained  in  white  needles,  soloHe 
in  water,  alcohott  or  ether.  Its  solution  decotnposee  in  the  air,  or  when  heated. 
It  does  not  precipitiitc  platinic  chloride*  but  the  mixture,  when  evaporattd  over 
sulphuric  acid,  yields  brown  crusts  of  the  ekloroplatinatf,  2C*H*N'0'.4HClPt**Cl', 
The  nitratf  and  t^jtahU  are  both  crystalline  and  dark-coloured ;  the  mdphttU  may  V 
obt^iiiied  almtjat  colourk-ss  by  recrystallisation  from  alcohol ;  it  is  less  soluble  in  alcohol 
tJian  in  wiiter.  F   T.  C 

OXTBSir&OOlAJlKXIIB,       C'H'N'O     -     (^^^^^In',   or   Amid^n^amtdt, 

W         v^*    (Chancel,  Ann.  Cb,  Fhann.  htii  274.)^Thts  compound,  isominie 

with  phenyl-carbamide  or  aniline>apda  (i.  755),  is  obtained  by  the  action  of  sul|»hid« 
of  ammoamm  on  nitjobemzamide  in  aqueous  sotution  : 

It  ueparatps  from  the  solution  in  crystals  oontaining  1  at  water  (C'H*N*O.H*0),  which 
it  Kivcs  oflFat  100°— 120^.  It  is  soluble  m  w&ter^  oleohU,  and  ether,  but  iJie  uloobolic 
soltilion  quickly  turns  red   and  oppears  to  decompose.     Crystallised  oxybeiuo  diiiiiul 
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mv'lts  at  7^^ ;  tJiQ  dehjdnted  oompcmnd  aboT«  100<* ;  At  higher  t«iDperfttiir«a  it  decom- 
pottM,  leAVtng  a  carbonaoeovu  residtK^.  Wh<^ti  geatlj  heated  with  potaik-iinu^  it  is 
tfBolved  mto  UKiiiMmui  and  oxybonsainatA  of  potamam: 

the  lalt«  being  farther  n<«olT^  at  a  lugher  tempcmtore^  into  amlise  and  potaasic 
carfaooato: 

(7H«KN0«     +     KHO       -      C«H^     +      KKO\ 

Heated  with  tulphuric  add,  it  is  resolred  into  carbonic  anhydride,  add  snlphoto  of 
animooiiim»  and  phenjl-anlphamic  acid: 

«„4,  H.CTI* 

C^-^'O     ^     2H«0*       -       C0»     +     ^^    80*     +      (80* 


Oxybensodiamidc  tmites  with  adds.  The  fdtrate,  C^'N'O.NHO',  fonne  eryBtalHn# 
cnwta  or  nodular  groups  of  priema  iparin^lj  soluble  in  wati^r.  On  mixing  nic>d(?mtely 
dOuta  aolntia&ft  of  uxybensodiamlde  and  ftilrer-nitiate  at  the  boHtng  beat^  the  liquid  on 
couliog  deposita  the  compound  0^H'NH).KAgO'  in  needlra  whidi  become  ooloiirfid 
whi^n  tizpoB«d  to  light.  Th«  kifdrochlm^te^  C'H*NK).HC1,  djatalliaM  from  aaneowf 
solution  in  small  needle*.  A  salution  of  ozybeoaodiamide  in  boiling  water,  mixed  with 
rxoasB  of  hydrochloric  acid,  and  then  with  platini^  chloride,  yields  bng  orang^colonred 
prisms  of  the  ptaiinum-salt,  2CrH*NK)*HH:i»-Pt*'Cl«,     (C  han  c eL) 

An  ethertiil  solution  of  oajbenzodiaaiide  treat^nl  withnitraut  oct^  yields  white  eaploaira 

neodlesof  oitrateof  diazobenzamidc,        „,      jN*NHO*,  which,  whi»n  treated 

with  hydrochloric  add  and  platbic  chloride^  yields  tbo  salt  2C^*N'O.HK21».Ft'*Cl^, 
(Qrieas,  Ann.  Cfa.  Phann.  czx.  127.) 

OJtTmsvzozO   ACID.     C'H*0»    «    (CHH>)'"lO^      (Oerland,   Ann.  Ch. 

H       i 

Phiirm.  xei.  185.— GriesB,  ibid,  otriL  Ij  Zeitschr.  Ck  Phann.  1862,  p.  97.)^Aii 
acid  nietameric  with  (salicylic  add,  obtained:  L  By  the  prolonged  action  of  nitrous  add 
on  oxjbcDzamic  acid  tOerland).  In  this  reaction,  which  yields  but  a  small  quantity 
of  oxjbenzoic  acid«  duuEobenso-ozybensamic  add  la  fir^t  formed,  aud  afterwards  par^ 
tiaHy  converted  into  vxybenaoic  add  (Or i ess,  p,  292).-- 2.  It  is  much  more  easily 
obtuiued  by  decomposing  nitr»to^4ia«obenjEoic  add  with  boiling  water  (Griess) : 


CH'N*01NH0»     ^     HH> 


C'H«0»    +     NHO«     +     m 


Qxybaoioic  is  a  colourless  or  reUowish  crystalline  powder,  spariugly  soluble  in  cold  tmlfr 
and  mookol,  easily  soluble  in  tne  same  liquids  at  boiling  heat ;  the  solutions  are  strongly 
acid.  It  melts  at  a  high  t«mpemtiire,  and  dktils  without  decompo«itiou ;  Tolutilises 
with  Tapour  of  water  when  its  aqueous  solution  is  boiled,  and  condenses  iu  shining 
needlea.  It  is  permaijent  in  the  air.  and  does  not  lose  weight  at  100^,  When  quickly 
heated,  it  splitw  up  (like  salicylic  add)  into  carbonic  anhydride  and  phenylic  alcohol ; 
the  decomposition  takes  place  more  easily  when  the  acid  is  heated  with  staked  lime. 
It  is  distinguished  from  salicylic  add  by  the  fiict  that  its  aqueous  solution  is  not 
coloured  riol c t  by  ferric  salts.     (Gerlana.) 

Oxybensoic  acid  is  monobasic;  it  displaces  carbonic  acid  and  neutralises  alkalis.  The 
oxybenzoates  of  the  alkali-metals  are  very  soluble  and  difficult  to  crystallise ;  those  of 
ibe  alkaline  earth-metals  are  less  soluble  and  erystallise  in  needles;  the  rest  arc  insoluble 
iu  water  and  in  alcohol,  but  soluble  in  acids.  The  kud-salt  contains  C'*H^Tb"0*. 
(Gerland.) 

lodojcybenroie  acid,  CTH'IOl — Produced  by  the  action  of  iodine  on  diaiobenzo- 
oxyljensamic  add  (p.  292).  It  nsoally  crystaHises  in  long  narrow  colonrlesa  lamtnie, 
which  sublime  at  a  gentle  heat,  but  are  decomposed  when  quickly  heated,  giving  off 
vapours  of  iodine.    (G  r  i  e  s  s,  ioc.  cit ) 

Jtittroxybenjpoic  aeid,  C'H*NO*  =  C'H*(NO*)0',  is  formed  by  the  action  of  nitric 
acid  of  spedfic  gravity  1*36  at  ordinary  temperatnrea  on  oxjbenzoic  acid  ;  with  stronger 
nitric  acid,  more  faignlv  nitrated  products  are  obisiued  which  explode  violently  when 
heated  (Gerland).  The  mononitrated  acid  is  also  produced  by  the  action  of  oitrous 
acid  on  diazobenzo-oxy benzumic  acid.     (Oriess.) 

Nitroxjbenzoic  acid  dissolves  in  hot  water,  and  separates  on  evaporation  in  fine  yellow 
cry  Dials  belonging  to  the  rhombic  system.  It  has  a  bitter,  disagreeable  taste,  and 
imparts  a  yellow  colour  to  a  lar^  quantity  of  water.  It  is  strojigly  add  and  displacaa 
earboaic  acid.     Sulphide  of  ammonium  decomposes  it^  with  preeipitation  of  sulphur. 

^'ilrosyhen£oait  of  potauium^  C^il^K(KO^)0\  is  sparingly  soluble  in  cold,  easily 
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soluble  in  boiling  water,  and  czystallises  therefrom  in  beautiliil  golden-vellow  ahining 
prisms,  resembling  picrate  of  potassiam.  It  explodes  slightly  when  heated.  (Oerland.) 

Trinitroxy  benzoic  acid,  C'H«NK)»  -  C'H«(NO«)"0»,  is  produced  by  the  acdon  of 
ordinary  nitric  add  at  a  gentle  heat  on  diosobenso-oxybenzamie  acid.  It  crystalliaes 
in  nearly  white  rhombic  prisms,  which  hare  an  intensely  bitter  taste,  dissolTe  easily  in 
wat<>r,  alcohol,  and  ether,  forming  yellow  solutions,  melt  when  heated,  and  detonate 
riolently  at  higher  temperatures.  The  add  is  decomposed  by  sulphide  of  ammoniiim,  with 
separation  of  sulphur,  and  formation  of  a  new  compound. 

The  trinitroxybenzoates,  C'HM«N*0»  or  CHMTt^W,  are  nearly  all  soluble  in 
water,  and  some  of  them  form  finecirstals.  The  ammonium-'Mlt  contains  C'H(NH^)'N'0*. 
2H-0  ;  the  ftarium-sa/t  and  the  silver-sa/t  are  anhydrous.     (Griess.) 

OZTBUTTMC  ikCXB.  This  name  is  sometimes  applied  to  Wiirtx*8  bntylactie 
acid,  C*H*0"  (i.  688),  produced  by  the  action  of  dilute  nitric  add  on  hydrate  of  amylene. 
Friedel  and  Machuca,  however  (Ann.  Ch.  Pharm.  cxx.  279),  apply  it  to  an  add 
having  the  same  composition  as  butylactic  acid,  but  differing  from  it  in  some  respects, 
which  is  obtained  by  oxidising  dibromobutyric  add  with  silver-oxide.  It  forms  a 
zinc-salt  containing  C^H'^Zn^C^,  which  crystallises  in  radiate  nodules,  not  in  nacreona 
laminse,  like  the  butylactate.  The  add  separated  from  the  skic-salt  yields  on  oTapor- 
ation  a  syrup  which  crystallises  in  Tacuo  or  over  oil  of  vitriol,  in  deliquescent  rosettes. 

OZTBUTTBOZ1X-PKOVXOWZO    WTHMm.      Kolbe's    name  for   Worths 
OH'O  ) 
butyrolactic  ether,  (C^HH))"  VO*,  which  he  represents  by  the  fozmnla* 


C*H»0,C^^|£j^.|[OK)«].0. 


OZTOAmBOZTlkZO  JLCXD.    C'«H*K>'*.-~An  add  produced  by  the  action  of 

chlorine  or  nitric  add  on  trihydrocarboxylic  add  (iii.  189).  It  crvstaUisee  in  hard, 
colourless,  rhombic  prisms,  insoluble  in  alcohol  or  ether,  sparingly  soluble  in  cold  water, 
easily  soluble  in  dilute  nitric  add.  When  heated  to  100^,  or  treated  with  warm  water 
or  with  bases,  it  becomes  br.wn-red,  and  is  converted,  with  evolution  of  gas,  into  dihy- 
drocarboxylic  add.    (Lerch,  Ann.  Ch.  Pfiarm.  cxxiv.  20.) 

Carboxylic  acia,  C**H^O'*,  is  known  only  in  its  salts,  which  are  focmed  by 
oxidation  of  the  hydrogen  in  the  trihydro-,  dUiydro-,  and  hydro-<»rboxy]ates.  The 
neutral  potassium^salt,  C^^E^O'*,  is  black,  but  turns  red  when  exposed  to  the  air.  A 
neen  crystalline  potassium-salt,  C'lLKH)",  the  corresponding  ammonium'SaU, 
C'*H(NH«)«0'«,  and  a  red  add  potassium^alt,  C"H«KH)^  have  likewise  been  obtained. 
These  salts  when  decomposed  by  adds,  yield,  not  carboxylic  but  rhodisonic  add, 
according  to  the  equation : 

C"H*0'«     +     2H«0       -       2C»HK)«. 

Carboxylic  Rbodisooic 

acid.  add. 

OZTOAXMZVXC  AOZB.  C*H*0\ — An  add,saidby  SchutEenberger(Ann. 
Ch.  Phys.  [3]  liv.  62)  to  exist  in  cochineal,  together  with  carminic  add  (see  CABMum, 
i.  804). 

OZTOBXiO&ZC  AOXB.      Syn.  with  Pbbchloric  Aced   (see  Chlobixb,  Ozzdbs 

AMD   OXTOEN- ACIDS  OF,  i.  910). 

OZTOBX^ORXBllB.  Also  called  Basic  Chlorides.  Compounds  of  metallic 
chlorides  with  the  basic  oxides  of  the  same  metals ;  thev  may  be  formulated  on  the 

type  „gsQ  [  •     They  are  produced  by  imperfect  precipitation  of  a  metallic  chloride 

with  an  alkali,  e.  g.  of  mercuric  chloride  by  lime-water ;  by  the  action  of  water  on 
metallic  chlorides,  as  in  the  precipitation  of  antimonious  chloride  by  water ;  by  the 
partial  decomposition  of  chlondes  by  oxygen,  or  of  oxides  by  chlorine  at  high  tempera- 
tures. Several  oxychlorides  occur  as  natural  minerals,  having  been  formed  by  the 
action  of  air  and  water  on  chlorides  (see  the  several  Mbtals). 

OZTOBX^OSOOAKBOWZO  AOXB.    Syn.   with   Chlobidb  of  Oarbomtx.  or 

Phosobnb  (i.  774). 


OXTCXWOBOVZn.  C«^H»*N«0«.  (H.  Strecker,  Ann.  Ch.  Pharm.  cxxiii. 
379.)^ — A  base  isomeric  with  quinine,  obtained  by  the  action  of  potash  or  silver>oxide 
on  an  alcoholic  solution  of  dibromodnchonine  (i.  978).  By  passing  carbonic  acid  gas 
into  the  solution  after  prolonged  boiling  till  the  potash  is  neutralised,  Uien  evaporatiiig, 

•  H    »    1.      C  ::r  6,     0-8. 
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treattog  tli«9  reftidaelint  with  w&ter,  llieti  with  alcohol,  and  leaving  the  alcoholic  hoIu- 
tioti  to  oool,  oxycinchcmiDe  is  obtained  in  cotourleM  CTjatalline  lamins^  emaily  solubU 
in  acidi.     The  solutione  lue  not  fluoi^'^ceijit,  and  do  not  become  green  on  aadltion  of 

chlorioa-water  ai  *  ^  ■  ■"      '^^-  ^rutml  »uiphni€,  2C**H'*N'0».H^0*,  cryBtalHsc'B 

widL  Th«  ekhr/  lI'CRPt**Cl\  ifc  light  yellow,  sparingly  Bolablo  in 

hot  wttler,  intolui  h  r.    The  di-s«id  salts  do  not  cryst^»e. 

OZTCOBAXiTZG  SA£T8,     Set^  Cobjllt-baib8|  AMUOirtACAi,  (i.  1066], 
cmrrcWLOCOWlC  ^A^GSS.     Syn.  with  LS0COK1O  Acm  (liL  584). 

^'      >N 
OSTCITMESMAmC  JkOXB.      C'*H"NO"    -    {C'*H**0)"Iq     or    dmidocumtnu: 

acid,  C'*H"(NH')0*, — An  acid  deriTed  from  oxycuminic  acid  in  the  mme  mftnncr  aii  ita 
hom«logtieoiybenziiniic  add  ifiderivedipoinoxybenxoic  acid  (see  Cuicnic  Acii>,  ii.  171^). 
Dtaxocumin-Qxifcuminamicund,  C»H*^»0*  =  C*«H'»N»0«.C'»H'«NO»,  is  obtained  by 
tht  ttction  of  nitrous  acid  on  an  alcoholic  solution  of  oxycnminatnic  licid  cooled  with  ie^, 
Ciwfttlly  avoiding  uti  excess  of  niLrous  acid.  It  cryatalliix^  in  yellow  microaeopic  prifim« 
orlaminie.  It  is  the  leaat  stable  of  all  the  compounds  of  the  seriea,  b«ing  decoinpO0«d 
with  oTolntion  of  nitrogen  whrn  boiled  with  aloohoL  It«  reactions  are  pfeajM^jr 
anal(^ti«  to  those  of  diazobeasso-oxybeMamic  acid  (p»  291), 

OXTCirMmriC  ACa>.     C^'H^'O'.     See  CuifJiac  Acid  (ii.  179). 
OXTl»XltmaMO»H2]riX-S9&FBirxzc     ACZH.      0*H*BHS01— An   acid 
productHi  hy  Ute  action  of  boiling  water  on  diazo-dibromophfuy  I -sulphuric  acid  (see 

OXTmUi-CTXtAlSZC  ACtB.     Syo,  with  pAAA-oxTBKNsijfio  Acn>. 
oatYl*^trOBZI>£8«     Fluorine-compoonds  analogons  to  the  oxychloridoB. 

OlLlTGSJr.  Atumic  weight  16.  Symbol  0. — Bjwinjme^i  Oxtfghie^  (ke^gtmuntf 
Sauerstoff,  Vital  Air^  Pur*  Air,  D<phl^istigaUd  Air,  Fnu-riu/t,  Atidt/yingi  principle, 

OzygBniB  the  moat  abundant  of  all  the  ok-mt^nts.  It  forms  eight-ninths  of  water, 
naariy  ona-fiotuth  of  the  air,  and  about  oue-balf  of  silica,  chaU[,  and  alumina,  the  thr^^e 
most  plantiful  ooQfttitui:'Ut!»  of  tht;  earth's  i^urface.  With  a  few  exceptions  only,  of 
which  the  principal  are  rock-salt,  fluor-spar,  blende,  galena,  and  pyrites,  it  enters  into 
the  constitution  of  all  important  rocks  and  minerals.  Independently  of  its  exist«nc« 
in  the  water  of  tlve  tissues,  it  is  an  essential  constituent  of  all  linng  Ofganisma.  It  is 
a1>sf«rbed  by  anlimila  daring  respiration,  and  evolved  in  the  free  state  %  growing  vege- 
tJibles  when  expot^ed  to  simlighL  The  oxygen  of  tho  atmosphere  is  roechatuciuly 
mixed  with  the  nitjogen  and  other  constituents,  but  is  chemically  free  or  uncombined. 
QiTfgen  gM  was  diacovered  by  Priestley  in  1774,  snd  a  year  later  by  Scheele  (sea 
Oa9,  ii.  773).  Ita  name  is  derived  fi\»m  ^4^,  acid,  and  ytw,  to  produce^  because  it  was 
formerly  regardod  aa  essential  to  the  constitution  of  an  acid.     (See  Acids,  L  41.) 

Prtparati&n, — ^1.  Oxygen  gua  may  be  prepare*!  by  applying  a  greater  or  leas  degree  of 
heat  to  various  oxidised  snbstances,  such,  for  instance,  as  the  oxidea  of  mercury,  silver, 
gold,  and  platinum  ;  the  peroxides  of  hydrogen,  barium,  lead  and  manganese ;  and  the 
chlorates,  nitrates,  bichromates,  &c.,  of  potoKsium  and  other  bases. 

a.  Oxidt  of  mtrcury  is  interrstiiig  as  being  the  suhstanoe  from  which  oxygen  was 
originally  obtained.  By  heating  it  in  a  flask,  it  bn^aks  up  into  mercury-vapour,  which 
may  be  oondensed  in  a  receiver,  and  oxvgcn  gns,  which  m»y  be  oollected  over  water. 

0.  PtroKid/B  pfmanganeM  is  a  veiy  cheap  source  of  oxygen  when  large  quantities  ai« 
required.  The  snbatanoe  dbould  be  heated  to  redness  in  an  iron  bottle^  whereby  oxygen 
gas  is  given  ofl^  and  a  lower  oxide  of  mangnneae  left  behind :  3MnO'  »  Mn'O*  -i-  0*. 

7«  Chlorate  ofpotoMtium^  however,  constitntes  the  moat  generally  available  source  of 
the  gas  for  prepaiation  on  the  laboratory  scale.  When  strongly  heated  in  a  fluMk 
of  hard  glass,  it  melts,  gives  off  the  whole  of  its  oxygen^  and  leaves  a  residue  of  chlo- 
ride of  potaasiom:  KCIO*  =  KCl  ^  O*.  The  temperature  rrquired  to  etfect 
tliis  decomposition  completely  is  so  high,  that  the  flunk,  though  made  of  difficultly 
foiible  ghkis,  usually  becomes  softened,  and  yields  to  the  pressure  of  the  gas,  which  at 
last  forces  an  opening  through  its  side  or  bottom.  It  is  found  that  the  chlorate  gives  off 
ita  oxygen  at  a  much  lower  tempemture  wh«n  mixed  with  about  on^^eighth  of  ita  wight 
of  some  metallic  oxide,  inch  as  that  of  copper^  or  iron,  or  manganese.  Under  these 
circumHtnnces,  the  salt  does  not  fuse;  but  tbo  reuulting  gas  is  leas  pure  than  when  the 
unmixed  chlorate  is  employed. 

1.  A  coneentrated  aqueous  solution  of  kypochforitr  of  caiciym  (bleaching  powder), 
gently  br^tpd  with  a  small  quantity  of  peroxide  of  cobalt,  is  completely  rceolved  into 
chloride  of  tralcium  and  oxygen.  The  gas  is  evolved  with  great  ea^ty  liud  regularity,  so 
Ihiit  the  method  is  well  adapted  fur  thu  prtfpnration  uf  large  quantities.    Thu  same 
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quantity  of  cobalt-peroxide  (about  J  to  ^  of  the  weight  of  the  bleaebiog  powder)  majr  hm 
repeatedly  used  for  the  purpose,  Hi  it  ooea  not  uudergo  any  permAneot  chsn^,  boi 
appeftm  to  net  merely  as  a  carHtir  of  oxygen,  lii'et  taking  it  trom  the  hypochlorite  and 
pMnng  to  a  higher  Btate  of  oxidation,  and  then  giving  it  up  ag&iiL.  The  upecial  pre- 
paration of  the  cobalt-peroxide  may  even  be  dispensed  with  altogether,  a  few  drop* 
of  any  cobalt* eolutioti  being  simply  added  to  the  solution  of  hieaching  powder  at  the 
eommencement  of  the  proceea ;  the  cobalt  is  then  inunediately  cooTerted  into  peroxide 
by  the  oxidising  action  of  the  hypochlorite.  It  is  necessary  to  use  a  clear  somtion  of 
bleaching  powder,  &»  if  milky  it  is  apt  to  Irotb  considerably.  (Fleitmann,  Aim.  Ch. 
Phdrm.  cxxiiv,  64,) 

c.  Ptroride  of  barium,  when  strongly  heated,  gi^es  up  one-half  its  oxygen  to  pro- 
duce baryta:  BaO'  «  BaO  -h  0.  By  passing  a  current  of  moist  air  over  tbtf 
less  heatid  baiyta,  it  absorbs  oxygen  and  re-pH>ducea  the  peroxide,  which  a  stronger  ht^ 
again  deoompoaes ;  so  that,  by  repetitiozm  of  the  process,  a  small  quantity  of  the  pcroxido 
can,  as  was  shown  by  Boussingault  (Chem.  3oc.  Qu.  J.  t.  2&d),  furnish  an  indell* 
nitely  large  quantity  of  oxygen.  A  patent  for  the  preparation  of  oxygen  in  this  oiau- 
uer  and  ifa  application  in  various  chemical  operations^  has  been  taken  out  by  Messrs. 
HwindcIlH  ao-i  Nicholson  (Chenu  Ga«.  1865,  p.  139). 

(.  Devi  He  and  Debray  (Gompt.  renl  b.  822;  Ann.  Ch,  Phann.  cxvii  295) 
r«^ommeud  for  the  preparation  of  oxygen  on  th«  large  scale  i — L  The  ignition  of  sinc- 
sulphittt',  which  at  a  temperature  not  higher  tiian  that  required  for  the  decomposition 
of  peroxide  of  manganese,  gives  off  a  mixture  of  sulphurous  acid  and  oxj-gen. — 2,  The 
d^-com position  of  sulphuric  acid,  which,  when  passed  in  the  state  of  vapour  over  red- 
hot  platinum-foil  or  platinum  sponge^  is  re^M^Irt^  into  sulphurous  acid  and  oxygen.  By 
pasi^mg  the  gaseous  mixture  obtained  by  either  of  these  nroce^es  through  water  or  au 
alkaline  solution,  the  sulphurous  acid  is  abitorbed^  and  the  oxygen  set  five.  Th« 
aqueous  sulphurous  acid  thus  obtained  may  be  utilised  in  the  manufacture  of  sulphuric 
acid.  The  dccomposiLion  of  sulphuric  acicl  in  this  way  is  recommended  by  D*?ville 
und  Debray,  also  by  Be  Luca  (Conipt.  reud.  Ini  166),  as  the  cheapest  of  all  methods 
of  obtaining  oxygen  in  largo  quantities. 

Tj.  Another  method  which  has  been  proposed  for  obtaining  oxygen  on  the  mum^My 
luring  scale  is  the  ignition  of  a  mixture  of  nitrate  of  sodium  and  oxide  of  xinc  (Sso 
an  examination  of  this  process  by  J.  H.  Pepper,  Chem.  News,  vl  218.) 

2.  Oxygen  may  also  be  prepared  by  the  action  of  sulphuric  acid,  at  a  moderate  iem- 
peruture,  upon  certain  highly  oxidised  compounds,  such  as  the  peroxides  of  lead  and 
manganese,  the  bichromate  and  permanganate  of  potassium,  &c.  These  reactions  are 
feeUlom  employed  for  tiie  purpose  of  obtaining  free  oxygen  ^a«,  but  are  extrems'ly  con- 
venient as  means  for  affording  oxyg'^u  to  various  other  bodies,  or,  in  other  word^  fur 
oxidising  them.  Thus  hydrochloric  acid  HCl,  when  treated  with  sulphuric  acid  and 
permanganate  of  potassium,  becomes  hypjchlorous  acid  HCIO.  Alcohol  C*fiy,  wh«*n 
treated  with  sulphuric  acid  and  peroxide  of  manganese,  yields  aldehyde  C='H*0,  and 
water  H^O.  Cmmuic  acid  CH''0\  treated  with  sulphuric  acid  and  acid  chromat^  of 
potassium,  yields  insohntc  acid  CH*0,  together  with  carbonic  anhydride  CO*  and 
two  atoms  of  water  2H*0.  The  reactions,  so  far  as  regards  the  evolution  of  oxygen, 
are  as  follows : 

H'SO*     +         MnO«      «  MnSO' 


2H«0 


O* 


2H*SO'     -f      KMnO*      »  0^(307 

4H»S0*     +     K'Cr»0^       -        2{K<;i<S0*)>}      +     4H»0     +     0« 

3.  Oxygen  may  be  obtained  by  the  electrolysis  of  water,  being  liberated  at  tile 
positive  pole.     (See  EL.BCTaicrTT,  li.  432. ) 

4.  When  fresh  mint^  or  parsley,  or  other  active  leafy  plant,  is  immersed  in  carboiiic 
acid  water  and  exposed  to  sunlight,  oxygen  is  liberated  from^  the  leaves  in  ooosidenhble 
quantities.  The  experiment  is  beat  conducted  in  a  tall  inverted  cylinder,  so  that  the 
tixygen  gas  may  collect  in  its  upper  part,  by  diBplacement  of  the  carbonic  acid  waiter 
wliicb  shoidd  originally  fill  the  ressel. 

5.  There  are  numerous  other  reactions  which  serve  to  lib€Tat«  oxygen,  but  tiny  sre 
not  employed  m  meana  for  the  preparation  of  the  gas.  Some  of  them,  howerer,  ttro 
very  intt»rt\sting.  Thus  when  oxide  of  silver  reacts  with  peroxide  of  hydfogeti,  tliere 
are  produced  wuter,  metallic  silver,  and  oxygen  ; 

H'0»     +     Ag'O       =       H'O     +     Ag«     +     0\ 

Pr^erHcB, — Oxygen  is  colourless,  tasteless,  and  inodorf>us.    It  is  the  least  refractive 

of  all  the  gases.     It  has  rt^ieited  every  attempt  to  effit't  its  liquefaction.    It  is  the  moat 

magnetic  of  all  gases  (itee  Maoketism,  iii.  773).     It  is  heavier  than  atmospheric  air 

in  (he  proportion  of  11055  to  I'OOOO,      It  vn  very  hpjiringly  fcolublc  in  water,  1 00  vol* 
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Qinefl  of  which  iit  ordtnar^  Ump^mtnrei  can  only  rebdo  about  3  rolutnefi  of  the  gss,  (Seo 
QamhSi  Abbosption  oPy  li.  797.)  NeaHjr  all  DA^inl  wmten  contain  diBsoTred  oxy- 
gvn,  and  can  tmly  ba  freed  therefrom  by  prolonged  ebnllitioo  in  vjunio.  The  chf^niii'til 
fMCtkMiB  oC  atsiioeptierifi  air  depend  principally  upon  the  oxygen  which  it  contains ; 
tlM  ait  biing,  in  ita  cbaaiical  idation^,  merely  oxygen  giis  mixed,  or  dilnted,  with  ubont 
Imde  ttmaa  ita  v<»hiiiie  of  nitrogen. 

Onrgcn  in  the  ine  state,  whether  or  not  dilated  with  nitrogen, m&nifesU  oonsiderttblo 
ebaniical  actiTityt  eren  at  ordinary  tempecatarea.  With  the  single  exception  of  fluorine,  it 
baa  bean  made,  direcf  ly  or  indireetl^,  to  un  ite  with  ertrj  known  f4f  menL  Some  react  ions 
of  oaEjgen  are  intereBtmg  ftom  thtir  employment  aa  meana  for  detecting  the  preaenci«  of 
the  gas,  or  effectiDg  tt»  removal.  Thua  an  alkaline  aol  ution  of  wkdte  indi^  it  ^ — ^  ~  "  v  !^*ii 
rapid ly«  at  the  same  time  becoming  bliuu    An  alkaline  solution  otApyr*  rba 

oxygen,  forming  an  opaque  black  Bqnid.    NUrie  oxide  ^as,  which  in  pprt>  l  i  i !"««, 

u[ute«  with  oxygen  to  form  deep  orange-red  Tapoum.  PhotphoruB  slowly  ubearba  oxy* 
gen,  as  do  ab«o  moist  iron-u^tt  moiti  Uad-twmina^^  moiaXsaw-dHSt,  tind  many  metallic 
oompoundn,  such,  for  instance,  as  umnionio-eftLbchloride  of  copper,  or  chloride  of  caprtw- 
ammoniiim,  the  protohydrates  of  iron  and  manguneset  the  white  doable  cyamde  of 
potaseiiun  and  iron,  Blc 

The  minority  of  the  metals,  when  in  the  masaiYe  state,  remain  perfectly  bright  and 
nnaicted  npon  in  dry  oxygen  or  air ;  but  in  moist  oxygt^n  or  air,  many  of  them  become 
slowly  oxidised.  The  coating  of  oxide  first  formed  fraquently  ptoteota  the  metal  from 
more  than  a  superficial  oxidation,  aa  is  notably  the  case  with  lead.  Some  of  the 
ordinarily  permanent  metals,  when  in  a  ^erj  finely  divided  state,  for  instance  lead  aa 
obluLued  by  the  ignition  of  its  tartrate,  and  iron  as  produced  by  the  ignition  of  Prussian 
blue,  undergo  so  ^dolent  an  oxidation,  that  spontaneous  combustion  results  from  their 
mere  ex|>o8ure  to  air  or  oxygen.  Hence  tht-y  are  termed  pt/rophori.  Various  otlirr 
bi>dies,  which  expose  a  largie  surface  to  the  action  of  air  or  oxygen^  become  gradually 
heated  through  slow  oxidation,  and  finslly  undergo  spontaneoas  oombiisdon^  Greasy 
tow  and  woolieD  refuse  are  pecuiiarly  liabli^  to  this  action. 

Many  substances^  when  heated  to  redneas,  unite  with  oxygen,  and  thereby  give  rise 
to  the  phenomena  cnf  oombuation  or  buniingt  The  combu^tiouB  of  phosphorus,  charcoal, 
sulphur,  iron,  sine,  and  naphthalene,  in  nnuilnted  oxygen,  com^titute  very  brilliant  cx- 
penments.  Id  each  case  the  i-t-'tuitf^  are  oxidised  compounds  of  the  sub«»tunce  burned. 
The  weight  of  oxidised  products  con-e!fponds  exactly  with  the  wei|2;ht  of  the  body  burned, 
plus  the  weight  of  the  oxygen  consumed.  When  an  ordinary  coinbustible  body,  such 
as  wood,  pajK^r,  or  wax  caudle,  is  inflamed  in  air  and  then  immersed  in  a  vessel  of 
oxygen,  the  combustion  proceeds  with  ^atly  increased  intensity.  If  the  flame  of  tlio 
wood,  paiper,  or  wax  candle  be  extinguished,  and  any  portion  of  the  subetance  be  left 
in  a  glowing  stat^,  it  will,  when  immened  in  oxygen,  immediately  bunt  into  flame. 
This  is  a  Tery  cbaracteriiitie  property  of  undiluted,  or  bat  slightly  diluted,  oxygeUy 
which  it  shares  only  with  nitrous  oxide  gas.  A  jet  of  hydrogen  gas  bums  in  oxygen 
as  in  air,  but  more  rapidly*  Of  coutse  the  two  gases  can  only  untte  where  they  are  in 
i%>Qtact  with  one  another,  that  is  immediately  around  the  jet  of  hydrogen.  Hence  for- 
iJierly  the  hydrogen  was  said  to  bum,  and  the  o^gen  merely  to  support  combustion. 
But  if  a  jet  of  oxygen  be  introduced  into  a  vessel  of  hydrogen,  the  flame  will  proceed 
from  the  oxygen  and  the  hydrogen  become  the  supporter  of  combtistiou.  For  this 
pi)rpr>««  the  hydrogen,  contained  in  a  somewhat  narrow-mouthed  inverted  jar,  should 
be  ignited  at  the  mouth  of  the  jar.  Then  the  jet  of  uxygen.  in  passing  through  the 
flamv,  will  itself  become  ignited  and  burn  in  the  ioterior  of  the  jar.  In  like  manner, 
oxygen  may  be  made  to  burn  in  ammonia-ga^,  by  intiruducing  it  through  a  bent  tulje 
into  a  wide-mouthed  flask  in  which  strong  aqueous  amm'juiu  is  kept  in  a  state  of  gentle 
^bullitioh,  and  applying  a  lighted  taper  to  the  end  of  the  tube.  (Heints,  Ann.  Ch. 
Pharm.  cxxx.  102.) 

Kespecting  the  erulution  of  light  and  heat  in  oxidation,  the  ooodilioos  of  inflamma- 
bility, the  nature  of  flame,  &c;,  eee  Cokuustioit  (i.  lliSd).  Kespecting  the  quantities 
of  heat  evolved  in  the  gxidiitioo  of  various  bodies,  see  Hjut  (iii  102). 

Oxygen  is  capable  of  replacing,  directly  or  indirectly,  hydrogen,  ddorinis  bromine, 
iodine,  ^.,  one  atom  of  oxygen  always  taking  tlie  place  of  two  atoms  of  each  of  Humi 
elniumls;  thus  in  the  conversion  of  alcohol  into  ucetic  acid  by  direct  oxidation,  «ud  of 
pentachloride  of  phosphorus  into  the  oxychloride  by  the  action  of  water,  we  have: 

CnVO*       =       C»H"0     +      0     -     H» 
PCl'O         -.       PCI*         +      O     ^     CP. 

Active  Oxjrireii  or  asone — Under  certain  circumstances,  oxygen  gas  acquirea 
a  gr»«atly  incrcil^ed  cJiemicid  ncttvity,  together  with  a  peculiar  emf^ll.  In  this  state  it 
ciitmiitiitrs  (ijtoiir  {u(tirX  and  ha»  the  chamcteristio  prop*^rty  of  decomposing  io*lideof 
pi>ta>»nim,  with  lilMiinUion  of  iodine.     Oxygen  gius  through  which  eiectrie  sparkti  have 
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\i¥.^n  \taated,  tlmt  in  which  plio^tpbunis.  ether,  turpeotiiu',  aud  mmt  ofhor  substnnciv 
hiite  bee4i  eXowly  uxidiaing,  and  that  produced  by  the  electrylysk  of  an  acid  liquid, 
nh'ke  reiict  with  iodide  of  potjissium  as  above  deaoribed.  According  to  Aodrewiv 
the  o«>np  pi-oduced  by  xhe&e  thj*e  procesaea  is  tlje  same,  and  conaieta  Rolely  of  oxjgea 
in  an  aUotropic  8tat«.  According  to  Willianifloii  and  Bsumert,  the  02one  pro- 
duci*d  by  electrolysis  is  a  trioatidt:  of  hydrogen  H*0'»  as  ia  probably  also  that  produced 
by  the  oxidation  of  pSioephorus.  With  regard  to  the  osone  produced  by  electrical 
dischargeSi  they  aduut  that  perfectly  dry  oxygen  is  capable  of  being  modiHed  by  such 
discharges,  but  ooDiiider  that  the  peculiar  properties  of  ocone  are  not  manift^tod  until 

'  Ui*'  action  of  moisture  upoo  the  modified  oxygen  haa  re8ult4^  in  the  formation  of 
Irioxido  of  hydrogen.  The  recent  coiyoint  i»xp«nmenta  of  Andre  vt^  and  Tail,  how* 
ever,  and  likewise  those  of  v,  Babo,  seem  to  have  established  the  oorrectJiess  of  the 
furmer  view. 

More  than  hiilf  a  century  alter  Van  Marum's  original  observation,  that  oxygen 
tliruagh  which  electric  sparka  hud  been  pa&«;ed  acquired  a  peculiar  smell  and  the  pow^r 
uf  attacking  merctuy,  Schoubf^in,  in  IS^i}  l^^^gg*  Ann.  L  616),  published  hitf  fint 

t|iaper  on  oasone.  He  showed  that  in  the  e^lectrolyais  of  aeidttkled  water,  an  odonmfl 
gaa  was  produced  at  the  positive  pole,  which  might  be  preserved  for  a  lon^  timm  in 
well  closed  vesseK  He  also  observed  the  same  product  to  resolt  from  the  disehargt^a 
in  air  of  a  common  electrical  machine,  and  recognised  the  identity  of  the  smell  with 
tliu,t  iiceompanyiag  a  flash  of  lishtninff.  Soon  after  he  noticed  the  production  of  ozone 
l>y  the  slow  oxidiudoo  of  phi^spborus  in  moist  air  or  oxygen.  Marian ac  and  De  1» 
Hive  then  showed  that  ozone  might  be  obtained  bv  passing  electric  apurkis  thruugh 

I  pi^rfectly  dry  oxygen,  a  result  couflrmed  by  Fr^my  and  Becouerel  (Ann.  Ch,  Pbys.  [3] 
XXV.  62;    Chein.  Soe,  Qu.  J.  v.  272),  and  subsequently  ty  Andrews  (Chem.  fiw. 

iQu.  J.  ix.  168).     But  they  found,  on  the  other  hand,  that  dry  air  or  oxygen  did  not 

IftMicome  ozonised  by  transmii^sion  over  dry  phosphonis.     Fr^my  and  Becquerel 
ertaincd  that  pure  oxygen  gas,  standing  over  a  solution  of  iodide  of  potassium, 

^might  be  completely  absorbed  by  the  passage  of  electric  aparka  through  it.  Dry 
Dxyg^in,  however^  as  shown  by  Andrews,  can  be  only  partially  ozonised  by  electric 

[dtHcbarges,  unless^  indeed,  the  ozone  be  absorbed  as  fast  a^  it  is  produced, 
Houzeau  (Chem.  Soc.  J,  viii,  237)  noticed  the  oeonic  character  of  oxygen  aet  fr^e 
by  the  action  of  sulphuric  had  upon  peroxide  of  barium.  According  to  De  Luca^  Ui(» 
oxygen  evolvrHl  by  the  action  of  lipht  upon  plants  is  also  oxonic  Sehonbein,  and 
also  Phipson  (Chem.  News,  viii.  103)^  have  observed  that  air  in  contact  with  the 
juice  of  fnngi  becomes  nzonised ;  the  latter  also  iinda  that  ozone  is  produced  when  frcth 
idiees  of  rtpple  are  exposed  U>  the  air,  and  is  of  opinion  that  the  processes  of  fermentatioti, 
putrefmMion,  and  decay^  are  likewise  atiendid  with  ozonisation  of  the  air. 

Oxoup  is  best  prepared  by  one  or  othtr  of  the  fuUowing  processes,     a.  Osonised  air 

bor  oxy^'-n  may  be  obtained  by  placing  one  or  two  sticks  of  clean  moist  phospburus 
I  a  bottle  of  air  or  oxygen^  when,  after  uji  hour  or  so,  the  smell  of  ozone  will  be  very 

|obnou.'<.  The  sticks  of  phosphorus  should  then  be  taken  out,  and  the  gas  waahed 
rith  water  to  remove  the  phosphorous  acid.     If  the  phosphorus  be  allowed  to  remain 

tm  the  bottle  for  neveml  boars,  the  oaone  gradually  disappears.     Or,  a  current  of  moist 

_  iir  maybe  slowly  forced  through  a  succession  of  largo  Wolfe's  bottles,  coutiiiuing 

'  «adi  u  few  ntir  ks  of  dean  phosphorus,  and  Enally  through  a  U'tube  containing  watt^r 
or  dilute  alkali.  The  junctions  should  be  as  few  as  possible,  and  should  be  e£fecUKl 
with  sound  corks,  or  preferably  by  grinding.  Ozone  may  be  at  once  produced  by 
plunging  ft  heated  ^lass  rod  into  a  mixture  of  air  and  ether-vapour. 

J9.  By  eli'ctrolysis  of  water  acidulated  with  gulphuric  acid.  According  to  Andrews, 
a  mixture  of  one  volume  of  sulphuric  acid  with  three  volumes  of  water  is  most  pro- 
ductive; while  Bauitifrt  recommends  the  electrolyt*  to  consist  of  water  stron^jr 
acidulated  with  Ixitli  chromic  and  sulphuric  adds.  The  following  arrangement  may  l^ 
advantageousl;^  adopted,  A  costed  wire,  having  attached  to  its  extremity  a  piece  of 
crumpled  platinum  foil,  which  confrtitutes  the  po£itive  eleotrode,  is  dipped  into  the 
elf  ctrol^io  contained  in  a  cylindrical  porous  oefi,  and  an  inverted  tube-fimnel,  just 
Mifficieutly  small  to  slide  into  the  cell,  is  Bospended  therein,  over  the  foiL  This  Aiunel 
serves  to  collect  the  oxygen  which,  during  the  olectrolysiB,  issues  in  a  cou  tin  nous 
stream  from  its  narrow  orSce.  The  negative  electrode  may  bo  constituted  of  a  plate 
of  platinum  foil  dipping  into  another  vessel  of  the  electrolyte,  surrounding  the  porooa 
cell.  Electrolytic  oxygen  has  not  been  found  to  contain  more  than  ^  part  of  its 
weight  of  oeone, 

7.  Osone  may  be  obtained  by  passing  electric  discharges  through  air  or  oxygen. 
Oxygen  gas,  prrrparcd  by  heating  chlorate  of  |>otas»ium,  is  conducted  succeseivc^ly 
ihruugh  a  strong  solution  of  citustic  potash,  aitd  over  pumice  and  oil  of  vitriol. 
Kli  rlrii'iil  di8charjj;o»  may  then  be  passed  through  the  gas  in  its  transit,  whereby  :& 
yhtam  of  imrc  t'Zonistnl  oxygen  is  obtiiincd;  or  the  gas  may  first  be  collected  by 
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emtjQt  to  vuitablo  tubes.  &nd  then  osonified  by  the  disdmrge.  Audrcws 
IwiilUy  coUt'cta  hiB  oxy^pn  to  a  bI might  glass  tube,  one  eod  of  which*  prcriouBly 
peootncted  by  the  blowpipe^  ii  in  oomrDuniciition  with  the  eupply  of  ga&,  while  the 
\  etber  end  is  fused  to  an  aimovt  GapillAiy  piec«  of  tubing,  Wnt  in  the  fortu  of  a 
TT-gauge.  After  the  tube  has  bo«n  two  or  thrt>e  timed  altermitt^ly  cxiiaufitcd  by  au  air- 
parap,  and  filled  with  uxygen,  the  extremity  of  the  capillary  gauge  is  detacbi'd  hum 
thti  aij^pump,  during  the  passage  of  the  gaa,  and  dipped  into  uU  of  Titriol.  The 
supply  of  gaa  is  continued  for  some  time  longer,  ana  the  tOLCtm  allowed  to  bubbb* 
through  the  oil  of  vitriol  in  its  escape.  The  contracted  extremity  of  the  n?serYoit 
mrt  of  the  tube,  in  commnnicatioo  with  the  sooroe  of  oxygeD,  ia  then  sealed,  by  the 
blowpipe,  and  a  few  bubbles  of  gaa  are  expeUed  by  gentle  warming.  Upon  cooling, 
oil  of  Titriol  is  drawn  Into  the  gauge,  so  as  to  eonnne  the  o^gen  in  the  resi^rToii'« 
The  ff^ee  extremity  of  the  gauge  is  next  sealed  in  such  a  manner  as  to  leave  a  fsmall  spaoe 
of  air  above  the  oil  of  vitriol  Then  by  means  of  plarinum  wires*  previously  fhiaed  into 
the  reservoir,  electric  dischargea  are  passed  through  the  oxygen,  whereby  it  b^romes 
ozonified.  In  t-his  way,  any  alteration  in  the  balk  or  tension  of  the  oxygen,  conBequr^nt 
upon  the  production  or  subsequent  destruction  of  the  ozone^  is  recogniaabl«  by  an  altera- 
tioa  in  toe  level  of  the  oil  of  vitriol  in  the  gauge,  Andrews  found  that  the  Riibmk  ^rtf 
apark  was  iU-stiited  for  the  production  of  ossoue,  and  that  even  the  ordinnry  machine 
spark  wu  much  l«ss  elective  than  the  eilent  discharge,  obtuined  by  attaching  one  of 
the  platinum  wires  of  the  reservoir-tube  to  the  prime  conductor,  and  the  other  to  fJio 
gronnd,  and  turning  the  machine  slowly. 

In  addition  to  its  property  of  displacing  iodine  from  iodide  of  potasatnm, 
ocone  ia  Ibtind  to  be  rapidly  abeorb(»d  bj  meircury,  and  to  bo  completely  destroyed  or 
decQinposed  at  s  temp^ratUTB  of  250*^-800°.  Availing  themselvea  of  these  propcrtietf^ 
A  ndre w9  and  Tait  obtained  tJie  fbllowit^  results.  When  the  silent  disofaarge  was 
passed  thrtaugh  pure  diy  oxygen  contaiued  in  one  of  the  gaugi^-tubesv  condensation  whs 
obeen-L'd  to  take  placei  alt  flnt  rapidly  and  then  more  slowly.  The  maximum  con- 
traction ever  obtained  was  equ&l  to  ^  of  the  entire  volume  of  the  gaa.  On  heating  the 
contracted  or  osoniaed  gaa  to  300^,  it  recovered  its  original  volume ;  and  thb  alcemat«^ 
contraction  by  the  eilQDt  discharge,  and  restoration  by  a  temporary  heat  could  be  re- 
peated an  indeii&ite  number  of  times.  The  extreme  contraction  gru/lually  diminishi^d 
when  the  tube  was  set  aside  for  some  days.  The  ordinary  electrical  spark  effected  a 
very  small  oontractioii  of  the  gas,  not  exceeding  ^  of  the  whole;  and  when  the  spark 
diftcbaige  was  passed  through  the  gas  contract^^  b^'  the  silent  discharge,  an  expansion 
took  place  corresnonding  to  the  excess  of  contraction  effected  by  the  silent  dijichargf, 
beyond  that  whien  the  spark-discharge  could  have  produced.  By  introdTieing  into  the 
reservoirs  of  the  tubes,  before  ftlling  them  with  oxygen,  small  quautitif^s  of  mrrcurt/  or 
solution  of  iodide  qfpota^um^  contained  in  thin  gtiias  bulbs,  and  then  ozonifying  by 
the  silent  dischaz^e,  so  sa  to  produce  a  much  contracted  gas,  Andrews  whs  ahU  to 
act  uj.»on  the  osone  with  these  reagents,  which  could  be  set  free  for  the  purpose  by  a 
smart  concussion  and  consequent  fracture  of  their  containing  bnlbs.  After  the  action 
of  the  mercury  or  iodide  of  potassium  Ufion  the  contracted  gas,  it  no  longer  underwent 
any  permanent  expansion  when  heated  to  3(^0°,  showing  the  complete  ubsorption  or  de- 
composition of  the  ozone  by  the  reagent.  But  very  curiously,  this  absorption  of  the 
nsone  was  not  attended  with  any  diniinurion  in  the  bulk  of  the  contracted  oxygro. 
In  other  words,  the  active  oxygen  absorbed  by  the  rt^sgent  occupied  no  part  of  the 
bulk  of  the  ozonised  oas,  inasmuch  as  its  removal  did  not  diminish  that  btuk.  When 
the  osone  was  abeomd  by  solution  of  iodide  of  potassium,  the  amount  of  iodino 
liberutrd  was  found  to  correspcmd  exactly  with  the  amount  of  original  contraction, 
that  is,  with  the  quantity  of  oxygefu  which  had  apparently  ceased  to  occupy  space. 
The  abore  remarkable  result  seems  to  be  best  explained  by  the  following  hypothesis. 
If  wo  ocmiider  osone  to  be  m  compound  of  oi^yeeii  with  oxygen,  and  the  contraction  to 
be  eotisequent  upon  their  eombiiLationf  then  if  one  portion  of  this  eombin(>d  or  con- 
tracted oxygen  were  absorbed  by  the  reagent,  the  other  portion  would  be  set  free,  and 
by  its  liberation  might  expand  to  the  volume  of  the  whole.  Thus,  if  we  suppose  three 
volumea  of  oxygen  to  be  eondeased  by  their  mutual  combination  into  two  volumes, 
th<*n  on  absorbing  one- third  of  thi|i  combined  oxygen  by  mercury,  the  remainini;  two- 
thirds  would  be  set  free,  and  consequently  expand  to  their  normal  bulk,  or  two 
volumes  :■ — 

t  voli.  2  rol«. 

—      +      ^  -f  +     —  +      ^ 

OOO+Hg«rHg0       +       O0 

TTpon  this  hypothesis,  Andrews'  maximum  contraction  of  A  would  indicate  the  conver- 
sion of  I  of  his  oxygen  into  ozone.  Similar  r<?sult«f  have  been  obt^iined  by  v,  Babo 
and  ClaufliuB  (Ann.  Ch.  Pharm.  Suppl.  i.  297;  Jnhrosb.  1863,  p.  137). 

Andrews  slso  apcertuiiicd  th»it  n  strenm  of  dried  el*^ctrolylic  ozone,  when  heated  to 
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d(M?oinpofiUion,  and  (lafli^ed  oTcr  phosj>hoMe  unliydritie,  did  not  affutd  a  trac«  of  inoUtorp. 
WhtPD  pBAsed  cuD»iP^utive]y  tkrougLi  ftolutioDfi  of  iodidd  of  potassium  tmd  oit  of  Titrtol* 
the  increwe  in  th*;  w^ij^ht  of  the  two  liquids,  from  tlie  absorption  of  the  active  oxygen* 
correapondwi  fxa<*lly  with,  thn  eqaiviilent  of  io^iiiK*  sot  free,  as  ostimiit«d  by  Snosea^s 
volumetric  method.  But,  uccording  to  Williamfion  (Ana  Ch.  Phurm.  liv.  127)  and 
Bnumcrt  (Pogg.  Ann,  butxix,  38  ;  €h«>m.  Soc  Qu.  J.  ri.  169),  dried  electrolytic  ozone 
doea  yield  water  ivt  h  prwlnct  of  ita  decompoaition  bj  heat.  According  to  Bnumert^ 
alfio,  dried  electrolytic  osone  when  pnased  oonsecntirely  through  fiolnrion  of  iodide  of 
potasaium  and  oil  of  vitriol,  seta  free  a  i^tuintity  of  iodine  corresponding  to  only  f|  ot 
the  total  increase  of  weijirht  of  the  two  hquids.  Hence  the  formula^  previously  sug* 
™ted  by  Williauiaon,  H»0"  ;  for  H'O*  =^  H'O  +  0*  or  50  =i  18  +  32,  whence 
O*  —  II  of  H-C  Andrews'  view  is  howi^n  r  confirmcl  by  the  receiit  experiments 
of  V.  Babo  (Ann.  Ch.  Pharm.  Snppl  ii.  265 ;  Jahmsb.  I»fl3,  p,  131),  imd  of  So  ret 
(Ann.  Ch-  Phann.  cxxviL  38 ;  cxxx.  95).  Andrews  found  that  electrolytic  ozoniaed 
'  oxygen^  when  decompoeed  by  heat  in  one  ot  his  gange-tabea  underwent  a  variable 
I  tnerenae  of  bulk,  according  to  the  proportion  of  oxone  present     Tho  exponaion,  hov- 

crer,  n*?vcr  exceeded  3^  of  the  entire  volnme  of  gaa. 
I      The  geneml  ehn.racters  of  ozone  aro  thoee  of  an  oxidising  agent.      Thna»   it  cor- 
I  irodea  organic  matter^  as  shown  by  its  rapid  action  on  ctioutchouc  or  vulcanite  coo' 
nectora.     It  bleacher  most  vegetable  colours,  as  exemplified  particularly  by  ita  conver- 
sion of  indigo  into  taatin.     It  oxidates  black  enlphide  of  lead  into  white  aulphate  of 
lead,  changoa  the  yellow  fcrrocyanide  into  the  red  ferrid cyanide  of  potasnnmf  and 
•  eoloara  moist  anlphate  of  mangaseoe  brown  from  formation  of  the  hydrat«d  p»r<- 
[  oxide.     It  is  absorbed  by  motat  iron,  copper,  mercury^  and  irih^er,  with  production  of 
Ifhttir  reapeetive  oxidea.     Moiat  silver  is  erea  conTcrt^d  into  the  state  of  peroxide. 
Itorf  OBonc  la  also  readily  absorbed  by  dry  mercury  and  dry  iodina 
I      In  Bomf*  casf  s,  however,  oeone  acts  as  a  deoxygenant.     Thus  it  deoompoee^  pPTOxide 
[of  hydrogen  and  perf^xide  of  barium,  witli  evolution  of  inactive  orj-gen^  derived  both 
from  the  ozone  and  the  peroxide,  aa  represented   hypotlietically  by  the  following 
equation : — 


—    +    — 
0   0  0 


+    — 
H'   0 


—   -»- 
0  o 
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I  Dry  done  is  decomposed  in  unlimited  quantity  by  the  dry  peroxides  of  manganee^  aud 
tlead,  and  by  black  oxide  of  copper,  these  oxides  not  undergoing  iinj  alteration  of  we%ht 
Thy  the  reaction.  It  is  also  dtjcomposed  to  an  unlimited  extent  by  dry  silver  leaf  or 
[filings.  These  unlimited  effi'ets  may  be  explained  by  the  successive,  or  simnltaneona, 
[  Oi^jnirrence  of  oxidation  and  reduction.  Thn«  dry  (silver  leaf  is  at  firflt  obvionsly  oxi» 
[  diwf'd  by  ozone  ;  and  the  oxide  of  silver  n>  formed  i«  then  reduced^  and  so  on  cona«ctt- 
I  tivnly. 

t  OzoQi.'  is  practically  insoluble  in  water  and  acid  solutions.  When  oconis<>d  gaa  is 
I  passed  through  potash  or  soda,  the  first  portions  are  abwrbed,  probably  fmm  the 
l,|nrtisence  of  some  organic  matter  in  the  alkaline  liquid^  but  alter  a  little  time,  the  oeone 
I  passes  through  apparently  unaltered. 

L  Scbonbcin  (Ann.  Ch.  Pharm.  cviii.  157)  regards  ozone  as  permanently  oegativs 
oxygen.  He  also  believes  in  the  nxistence  of  a  permanently  positive  oxygen,  or  anto- 
^o7if^  which  at  present  is  known  only  in  combination  ;  and  consid-^rs  that  inactive  oxy- 
gen ia  H  product  of  the  union  of  oBone  and  antozone   O      0, 

This  idea  of  the  existence  of  two  essentially  distinct  varieties  of  oxygfn,  which  is  like 
wise  adv'ocfttiHl  by  Meissner  {Vnirf»\tehungtn  uber  den  Samrstoff,  Hannover  1863. 
Jiihresb,  1863,  p>  126),  is  founded  chi'fly  on  certain  dijfferences  obs*^n'ed  tu  the 
behaviour  o^  oxygen  evolved  from  the  alkaline  peroxides  on  the  one  haJid,  and  that 
evoivfr-d  from  i^roxide  of  manganew  or  peroxide  of  load  on  the  other,  the  former 
exerting  f<ir  the  most  part  a  reducing,  the  latter  nu  oxidising  action.  But  Brodie 
showed  several  year*  ago  (Phil.  Tm»a,  1860,  p.  7&&),  and  has  further  demonstrated  by 
more  recent  experiments  (Phil.  Trans,  1863,  p.  837 ;  Chem.  Soc.  J.  xvi.  316),  thattbe 
positiT©  or  negative  ebaracter  of  oxygen  (and  indeed  of  every  other  element)  ia  not 
permanent,  but  depends  essentially  upon  that  of  tho  other  elements  with  which  it  is 
associated  at  the  moment  of  cbeniieal  change  (see  page  304  ;  also  iii,  198). 

According  to  Moisaner,  ordinary  oxygen  ia  resolved  by  electrisation  into  osone  and 
antozone,  the  former  of  whicJi  is  abaorbed  by  iodide  of  potasfcium^  pyrogalUc  acid, 
&i\,  while  the  latter  remains  lanabsorbed.  He  finds  that  when  perfectly  dry  electrised 
air  iR  m:ide  to  paas  through  writer,  white  fumes  are  produced  on  its  exit  into  the  air, 
and  that  the  ftam*^  fumes  are  produced  when  the  dry  electrised  air  is  made  to  flow  into 
moiat  air.  These  fumf**  he  regarvis  as  a  niechivnieal  mixture  of  antojtone  with  aqueous 
v:ipour,  Aecopdinjj  to  v.  Balx)»  however,  the?ie  fames  are  for  the  most  part  produced 
only  in  pi-e»ien(^  of  mtrogen  or  oxidis^ihle  aubstanoes ;  he  reganls  them  as  comnsting 
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didee;  tbiiiKHOiadBa*HK>*  are  baa jlou»  hydrates; - 
[0«  an  mcid  hjdratea   or  ncidB;  (^"|o« 


of  mimdc  ^  '  ' '  ^  -n,  which  i»  kaamu  to  be  formed  by  Ihe  nction  of  ocone  on  wiit«r, 
eilJier  in  1 1  rhe  ijAseouft  form.    Voo  Ba.bo  ako  aaerta  that  the  proportion  of 

cMBOoe  produ  ...  .r  or  oityg^n  by  electrimtion  it  the  saiae  whether  the  electricity 
ii»ed  be  pcMitive  or  negative  or  tho  two  ahemtdtly,  a  r«eult  which  appean  inoonaiirtent 
with  the  pruductioD  of  two  oppogiit'ly  pokriMnl  varieiteA  of  oxygen  by  electriitiitioii. 
Hotvov^r  Qtouisfd  air  sullen  no  diminutioD  in  iti»  amoujit  of  oxone  by  paMiAg  through 
a  »olutioii  of  pfrmanganic  atnd^  whereas  such  diminatioD  always  occurs  if  the  air  han 
prerioQaly  been  in  contact  with  oxidiaabte  fiubstancea,  which  may  have  giv^n  rise  to 
the  formation  of  peroxide  of  hydrogieii, 

Cttmpoiuada  of  Oxy^^m. — Osldea  and   Sj^U«t«s. 

OiTgen  may  enter  into  combination  in  various  ways,  taking  the  place  of  hydrogen  (in 
the  pn>portion  of  I  at  0  to  2  at.  H)  in  the  radicles  of  compounds  formed  on  either  of 
the  type*,  HCl,  WO,  H*N,  H*C,  thus  giring  rise  to  oxy-chloridea,  oxr-iodidcK,  oxy- 
nitridea^  &c.;  but  the  term,  *' oxide"  is  specially  applied  to  compounds  derived  from 
a  sinsle  or  multiple  atom  of  water,  H*0  or  «H*0^  wh«Te  part  at  lea«t  of  the  oxygen 
occuptea  the  place  external  to  the  radide.  When  the  hycurogcn  in  the  type  is  pArtly 
replaoed  by  other  elemeota  or  by  compound  nidirle«,  the  resulting  componnti  is  a 
hydrate,  basylona,  Bind  or  uline,  according  to  the  nature  of  the  substituted  ra- 

.C'H-Ojo,(80.,-Jo...„d 

^^^/'to»  are  mcid  hydratea   or  acids;  t^"|o*  and  ^^r|o«  are  saliue 

hydrates  or  acid  salts.  If  the  whole  of  the  hydrogen  is  replaced  by  one  or  more 
AMlicies,  the  resulting  compound  iian  anhydrous  oxide,  baeylous,  acid  or  saline, 
according  to  the  natme  of  the  rudidea  which  enter  into  its  constitution ;  thus  KK>,  Ba'O, 

and  dr*0*  ara  baaybos  oxide»;  (CH*0)'0,  (SO*)"©  and  (F"0)*0*  are  acid  oxides, 

anhydrona  scid%  or  anhydrides;  ^  ^    1 0,  ^' j^,^  >0^  '  ^J^  lo*  ore  aalina 

oxides  or  neutral  BaUa, 

It  must  be  obaerred,  however,  that  the  distinctioDs  between  basic,  acid  and  s^dine 
oxides  are  in  great  part  merely  conventioniLl^  inasmuch  as  basylous  and  chloroun 
elements  or  ramclea,  and  consequently  basic  and  acid  oxides  and  hydrati't*.  sbude  off 
into  one  another  by  inaansible  gradations,  so  as  to  preclude  the  possibility  of  dniwiug 
any  r^trict  line  uf  demarcation  between  tbem.  Still  there  are  certain  hydrates  which  have  a 
marked  tendency  to  exchange  their  hydrogen  for  a  chlorous,  acid,  or  electro-negative 
element  or  radicle,  those  constituting  the  basylous  hydrates ;  while  others  have  a  decide<l 
ti'iidj^ncy  to  exchuige  their  hydrogen  for  a  metallic,  basylous,  or  electro-jTositive 
element  or  radicle,  and  these  constilule  ihe  acid  hydrates  or  acids.  The  chemical  or 
electro-chemical  diaraeters  of  the  anhydrous  oxides  are  less  marked  tbim  ^hose  of  tlif* 
hydrates ;  nererthelesa  some  of  those  containing  radicles  of  dedded  acid  tendency  uinl« 
motre  or  less  readily  with  those  containing  radicles  of  opposite  diameter,  the  reetilting 
compound  being  a  salt ;  thus  eulphuric  anhydride  SO*  passed  in  the  state  of  vnpour 
over  moderately  heated  anhydrous  baryta  Ba'^O,  unites  with  it  readily,  the  combin^itio«i 
Leing  fttteuded  with  Ti^id  incandescence,  and  forms  sulphate  of  barium  Ba'*SO*;  in  like 
manner  fiilicic  and  boric  anhydrides  unite  readily  with  basylous  oxides  when  ignitvd 
in  coitt£tct  with  thenif  and  expel  carbonic  anhydride  fsrom  carbonates. 

The  general  properties  of  acid  hydzatea  and  oxidea  have  been  already  de£cribcd  in 
the  articles  Actns  and  AxBTDninxs,  We  have  here  therefore  only  to  speak  of  the  com- 
position and  properties  of  tho  more  basic  or  positive  among  these  compounds. 

MttalUc  Oxid€M  and  Hjfdratta, 

1 ,  OxidrM  with  tme  atom  o/  orpfffn^  formed  on  the  type  (^  a  mngU  atom  of  wnirr,  H*0. 
— ^The  alkali -metals,  lithium,  sodium,  potassium,  csesium,  and  rubidium,  and 
one  of  the  heavy  metals,  namely  thallium,*  which  are  mono- or  proto-equivalcnt.,  thiit 
if  capable  of  replacing  hydrogen— atom  for  atom — form  mono-  or  proto-hydrates  ha^-ing 
the  general  formula  MHO.  These  hydrates  are  soluble  in  water,  forming  itrongly 
alkaline  solutiona  which  precipitate  the  solntiomi  of  all  other  tnetals,  excepting  ih*> 
alkaline  earth-metals,  barium,  strontium,  and  calcium.  The  hydrates  of  the  nlkitli- 
metals  volatilise  slightly,  but  do  not  decompose  even  at  the  highest  tempenitures. 
Hydrate  of  thallium,  on  the  other  hand,  becomes  anhydrous  when  heated  at  IU0° 
in  the  air,  or  left  over  oil  of  vitriol  at  common  temperatures, 

AU  proto- equivalent   metals  also  form  anhydrous  protoxides,  having  the  general 

*  ThftllLum  In  taani  other  of  |y  chf<ni1c4l  rcl^tUtni  crKhibU*  a  ntarfctd  rfiemblance  to  lbs  slksll-inetals. 
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H^ 

+ 

KCL 

H^O 

+ 

2Tia 

H'O 

+ 

Bh"CR 

H'O* 

+ 

Ba"SO* 

formula  M-^0.  Tu  thi.n  group  bclotig  also  ihe  aAlifinble  azidc«  of  the  di-equivmleitt 
lochiU,  inclutled  iu  thf  formula  M"0  ;  such  iirc  tht*  oitides  of  buriam^  strooti  um, 
calci  u  ni,  of  idl  tlio  other  eiirth-metftls  excepting  aluminium,  and  of  mtinj  of  the  he«iTjr 
roetaK  Damfllj  zinc,  cadmium,  chromium,  manguueae*  iron,  nickel,  cobal  I, 
umnium,  coppi^r,  mercury,  lt*&d,  pnUitdiump  platinum,  ti  n^aiida  fewother«. 
Lastly^  thi're  are  two  oxidw  containing  4  atoms  of  m^t^l  to  I  titom  of  oxygen,  f  iss. 
Ag*0  and  Cu'O,  The  former  han  long  be«^n  known ;  Uu^  latter  was  obtained  bjr  i 
H.  Rose  (BuLL  Soc  CMol  1864.  p,  330)  by  treating  a  cupric  salt  with  aa  &Ikalia« 
iKilution  of  st&noouB  oxide.  Iu  these  oxides,  2  atoms  of  m^tal  take  the  pUc«  of  1  Ktom 
h^dro^eo.  They  are  easily  decomposed  by  acids,  with  separation  of  metal,  and  fonuA- 
tion  of  argentic  and  cupric  salts  respectively. 

The  protoxides  of  the  alkdli-metals  and  of  tiiaUiam  are  decomposed  bv  water^  witli 
formation  of  soluble  hydrates  {f.  g.  K^O  +  H*0  —  2KH0)  ;  the  oxides  of  biLrtum, 
strontium,  and  calcium  unite  directiv  with  water,  also  forming  soluble  hydrtitea  (*.  ff. 
Bi*"0  +  fl*0  =  Ba'lf*0').  All  other  protoxides  are  insoluble,  or  nearly  ao,  mxkd 
are  for  the  mo«t  part  unaltered  by  water  ;  the  protoxides  of  magnesium  and  lend,  how* 
ever,  are  slowly  converted  by  water  into  hydrates.  Protoxides  and  protoliydrataa 
are  decomposed  by  most  acids,  with  fozmatiou  of  salts,  and  elimination  of  I  atom  of  ] 
water :  r.  g, 

KHO     +       HCl 

TIO        ^     2HC1 

Ba"0      ^     2HC1 

Ba*0      -f       H*SO*     = 

2.  Cheidr*  and  Htfdratts  ctmtmning  two  atoms  of  O^gen^  fonned  on  the  type  of  a 
ihnJAf  atom  of  watt  r,  H*0*. — ^Thia  group  includes: — a.  The  hydrates  of  the  di«e<)iU' 
valent  mutab,  barium,  calcium,  lead,  copper,  frc,  r.^.  bary tic  hydrate  Ba'H OS 
fuprie  hydrJite  Cu  H*0 -,  stuunous  hydrate  Sn"!!  O*.  The  hydrates  of  barium,  stjvntiiiiii 
and  cjilcmm  art-  soluble  jn  water ;  the  reet  are  iu&oluble  or  very  dighUy  soluble,  gks  hydrsite 
of  Imd.  All  tiit^^e  hydruteB  ure  decomposed  byhwit  into  metallic  oxide  and  water;  but  thi» 
d^'gree  of  heat  required  to  effect  the  change  is  diflTerent  in  each  ^>artieular  liistjiiic*'. 
Thus,  cupric  hydrate  is  decomposed  at  a  temparutore  below  that  of  boiling  water,  whereas 
hydrate  of  calcium  requires  a  fall  red  heat  to  reeolreit  into  quicklime  and  water.  Thetia 
hydrates  are  dccompoi^  by  acids,  with  formation  of  salts  and  elimination  of  2  at.  water : 
Ba^H^O*  +  2eCl  =  2irO  +  BaTl» 
Cn"H^»     +     H^O*     -*       2H*0     +     Cu^SO*. 

6.  The  anhydrous  salifiable  oxides  of  tetnt-equiraleiit  metals,  e.g.  lirconia  Zr*'0-. 
tborina  Th'^O",  b tannic  oxidc^  8n^'0=,  platinic  oxide  Pt*'0*,  and  th©  com?*- 
ponding  oxides  of  the  othtr  metahs  of  the  plntinum  grouu;  al»o  1 1  tan ic  oxide  Ti*'U% 

*  lautftlic  oxide  Ta**0',  niobic  oxide  Nb'^O^  and  the  dioxidesuf  molybdenum, 
tungsten,  and  vaondium.  All  the^  dioxides,  excepting  those  of  tibsjiium,  tan* 
talum,  and  niobium,  have  more  or  less  of  a  basylous  character,  and  are  converted  iut»» 
milts  by  the  ocliuu  of  acids;  but  they  all,  excepting  those  of  molybdenum,  tungsten  aiid 
Tiumdium,  likewise  exhibit  the  chamcte»  of  acid  oxides,  and  form  salts  with  tiie  inur^ 
basylouet  oxidtH.  In  tiic  ^ame  gruup  of  acid  oxides  nuty  also  be  included  the  dioxidesa 
of  certain  eeminiotallic  elements,  namely  silicic  oxide  or  anhydride  8iO*,  sel- 
enious  oxide   Se*'OS  and  tellurons  oxide   Te^'0% 

7.  Certain  double  or  saline  oxidfs  in  which  half  the  hydrogen  is  replaced  by  2  atoou 
of  a  mono-equivalent,  and  half  b^-  1  atom  of  udi-equivalent  metal,  such  as  potasaium* 
«i nc -oxide  K^'Zn'O^,  platinite  of  potassium  K*Pl"OS  stannite  of  eodiiim 
Na*8n''0^,  &c. 

9.  In  uddilion  to  the  acid  and  basylous  dioxides  nhove  mentioned,  there  are 
cfrtaiu  other  oxides  with  two  atoms  of  oxygi^n,  possessed  of  very  different  propertiesL 
In  thesi'  List  dioxides,  ty pifie<i  by  peroxide  of  hydrogen  H^O',  the  second  atom  of 
oxygen  seems  to  be  retained  on  a  very  uncertain  tenure^  Oxides  of  this  descriptioo 
are  usnallv  termed  peroxides,  to  distingui>«h  them  firom  the  salifiable  oxides  tdrttidf 
conaidarao.  These  peroxides  do  not  form  any  cornisponding  chlorides,  or  corresponding 
salts  in  geneml,  but  when  acted  upon  by  hydrochloric  acid,  they  eTolve  eithier  pemuoda 
of  hydrogen  or  clilorine,  thus: 

BaO»     +     2HC1       =-       ir^O'     ^      Ba'CP 

HnO«    4.     4Ha       -     2HO       +      Mn'CF     +     C\\ 

The  peroxides  of  barium,  strontium,  cak-iimi,  potassium,  and  fjodium  have  ateDdecicy 

to  produc*;'  peroxide  cif  hydrogen ;  while   the  pcpoxidea  of  the  less  basyloua  metals. 

mangnnese,  lead  iind  ailver,  have  a  tendency  to  produce  chlorine.     In  accordance  with 

theKe  differi  nt  tendencies,  the  alkaline  peroxides  rtr«  found  to  exert  in  many  caaes  a 

reducing;  m^tiim.  like  peroxide  of  hydrogen  (iii.  1&8),  whereas  the  pt-roxidcA  of  man* 

■^innrjw,  hnd  and  silver,  mci  men*  generally  at*  oxidising  agent«;  tind  hence  it  hus  Uf^u 
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inferreil  hj  Sefionbein  and  others  (p.  302}  llial  the  oxygtm  in  tht*  alknlinr  jH^mxiHrft 
in  «i«i¥iitiallj  <*t  me,  wh^'remi  f\mi  in  p»^ftixul^  of  loaagao^n  &c-  is  i<e«M»iiti«ny 

it^gMlinv.  The*'  howevtT,  are  not  r^alJy  pcrmanezil  sua  essential,  but  vary  wttfi 

ih»coDdittoDA  unif-r  wiin  h  the  ft<»cond  atom  of  r.v-  -  f  frn^.     In  the  fir-^     '  "T 

tMfOxidcs  alike  ptoIvo  chlorine  (L  e.  exert  an  oi  n)  whfn  hoaf*?d  - 

nydrochloric  Acid. — 2.  An  acid  Roiation  of  pt-rca  -.  -^  irogen  converts  ftj  i 
into  fenricyanido  of  potoAsium,  whereas  an  alkaJine  peroiide  mixed  with  an  atbiJiu'^ 
or  neutral  solution  of  the  ferricyanido  redueea  it  lo  fifrrocyanide.— 3.  An  alkaline*  ftolu- 
tioa  of  pemxide  of  iMxlium  udded  to  a  manganoiis  salt  fonxu  hydntl4sl  (tcroxid^  of 
nuuigaiiet^;  whcn*a»  an  arid  solution  of  peroxide  of  hydro^vn  mixi'd  with  p<?i*mRn- 
ganate  of  potasstiuii  erolve*  oxyseo  and  fonns  ft  manganous  salt. — 4.  An  alkaline 
f-olution  of  p^'roxide  ot  sodiom  ox  idtaes  an  alkaline  soluhun  of  chromic  oxidn,  CLinviMHiri;^ 
it  into  chromic  acid,  wh^reu  acid  aolntions  of  peroxide  of  hydrogen  (or  of  th^  alkaline 
pcpoxidea)  reduce  chromic  acid  to  chrumie  oxide (Bro die,  Chem,  Soc.  J.  xvi.  333;  spe 
alto  i.  856  and  iii.  198).  All  ceroxideft^  alj^o,  whether  of  the  more  or  \em  biusyloMs  sub- 
groups, alike  yield  oxygen  ana  a  pratoaulphate  when  acted  npon  bj  strong  Btdphane 
acid: 

BaO»     ^►     H'SO*     =     H*0     +     O     4-     Ba"SO«. 
MnO»    4-     H^O*     i-     HK)     +     O     +     Mn'SO*. 
The  CN^rgon  OTolTcd  from  the  abore  reaction  with  peroxids  of  barium  is  highly 
ownie;  and  that  fromtbd  fBiietioft  with  peroxide  of  manganeee  appears  ta  contain  a 
iRMse  of  oaone. 

Tbeee  peroxides  might  also  be  daasifled  as  a  distioet  group,  and  represented  bj  a 
distinct  eel  of  fonuuke,  thost 

H^O  *  O    Peroxide  of  hydrogen. 

Nb*0.  O    Peroxide  of  sodium* 

KK)    *  O     Peroxide  of  potaaBinm. 

CaO   .  0     Peroxide  of  calcium. 

SrO    ,  0    Peroxide  of  strontium. 

We  find,  howerer,  that  although  non-saliHable  as  a  mle^  jet  under  oertain  circum- 
stances,  some  of  these  oxides  can  act  as  if  salifiable.  Thus  the  peroxidea  of  mangaoese 
and  lead  are  capable  of  dissolring  in  aeistic  acid  to  form  diaestateo.  MoreoTvr,  the 
acknowledged  salifiFtble  dioxide  of  palladium  manifests  many  of  the  properties  of  a 
pppoxide.  Whence  it  seems  that  the  difi^rence  between  a  salifiable  dioxide  and  a 
neutral  p**roxide  ia  rather  a  diflference  of  habit  than  of  essential  character ;  and  this 
Tiew  is  confirmed  by  a  consideration  of  tli©  peroxides  with  three  atom*  of  oxygen  be- 
longing to  the  next  gn>ap.  Most  of  the  aoove  peroxides  can  exist  in  the  hydra  ted 
slate,  but  whether  or  not  the  water  exists  a»  a  separate  constituent  baa  not  been  satis- 
fiietorilj  aacertained.  Some  oxides  also,  having  tJie  formnlae  of  J-oxidea,  have  the 
eharaeten  of  peroxides.  Thu^,  red  oxide  of  lead  has  a  formula  eorrespooding  to  that 
of  black  oxide  of  iron,  but  the  two  bodiea  behiiTe  rcry  differently  when  treated  with 
adds.     The  former  breaks  up  in  accordance  with  this  equation : 

Kott.i«!iflBtile. 
Pb»0«      ^     2Pb"0      +      PbO«; 

the  latter  in  aooofdanoe  with  this: 

Salifiatile. 


BaO 

0 

Peroxide  of  banum. 

MnO 

o 

peroxide  of  manganese. 

PbO 

0 

Peroxide  of  lead 

AgK) 

0 

Peroxide  of  silver. 

FeK)< 


Fe-O 


%*oy 


8,  OxidfB  WM  three  atom*  of  Or^m,  f&rvied  on  the  type  of  three  atoms  of  water, 
H*0*.     a.  In  this  class  are  included  salifiable  trioxides  and  trihydratea.     The  moat 

basjlous  of  the  tiioxidea  are  alumina  Al^O*,  ferric  oxide  Fe'O',  chromic  oxtdc 

Cr*0»    eerie  oxide  C€?0»,  and  trioxide  of  bismuth  '^i*OK     In  the  triojtidea 

of  gold  and  antimony,  AuW  and  Sb*0'  rcepectively,  the  chlorouR  and  basylous 

functions  are  pretty  equally  balanced,  while  in  trioxide  of  arsenic  Ajs-0'  tlie  basyloua 
character  is  scjircely  to  be  recognised.     This  last  trioxide  is  sparingly  soluble  in  water, 

beinp  converted  by  solution  into  it«  corresponding  hydrate  or  acid,  thus:  As*0'  -f  8H*0 

The  more  basylous  trioxides  are  pmctically  inBoluble  in  water.  They  all  form  hy- 
drates, among  wliich  the  itlumiiiic.  ferric,  chromic*  and  eerie  hydrstea  are  represented 
by  the  gcnenil  formula  H'M'"0*.  These  normal  hydrates  are  somewhat  unstable, 
especial^  on  the  applii-iition  of  heat,  whcreb^^  they  lose  water  and  are  reduced  to 
the  type  HM'"0',  For  example,  H'Fe'^O'  when  dried  at  120**  loses  H*0,  and  hf  wme*. 
HFe  0».    Hydrate  of  bisrautb  when  first  precipiutwi   ha*  probably  also  the  cum- 
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[joiiition  n*Bi"'0',  bwt  by  drying  it  }<mea  1  at  water  and  it  reduced  f^  HBi'^O'.     liy 
A  further  upplicalion  of  heiit  these  hydratea  are  fendercd  anhydrona,  thus : 

2HTo'"0»  -  3H*0  =  Fe«0*, 
The  basylons  trihydraten  are  aJl  readily  si:»ltible  in  adds.  Th«  irioxidea  of  alaminium, 
iron,  chromium  and  ferinm  exist  in  aevpml  diffeivnt  modlfi cation b,  eoroe  of  which  ars 
readily,  otln  fh  scarcely  at  all  acted  upon  by  acida.  Bat  all  salifiiiblfl  oxid<*s  iind  hydxmtes 
with  thi«e  atoma  of  oxyc«a*  when  deoompooed  by  acida,  yield  correapoudiug  aalta,  and 
elimtAate  three  atoma  of  water,  thus: — > 


BPO> 


mci 

SHCl 


3H^0 


2Bi^Cl' 
Ai'-Cl*. 


0.  Cert4iiu  trioxidoa  hiiT9  the  chanict«ra  of  peroaEtdea ;  that  is  to  say,  wh«ii  arted 
upon  by  acidft,  they  do  not  form  tnsalta  hut  protoaaltiD,  and  Bimultaneoualy  evolTe 
oxygen  or  chlorine.  The  trioxides  of  cobalt  auii  nickel  00*0'  and  Ni*0'  respectiveljg 
are  as  decidedly  peroxid^-s  as  the  dioxides  of  lead  and  barium.  The  trioxide  of  man* 
ganeae  ia  intennediatfl  in  ita  properties,  and  Berrea  to  csjuaoct  the  aaliftablo  oxides  of 
chromium  and  iron  with  the  indifferent  trioxidea,  or  peroxides,  of  nickel  and  cobalt. 
Thui  it  diasolrefi  in  cold  hydrochloric  acid  to  form  an  unstable  bydrated  trichloride  of 


3H»0 
it   forms 


+     2Mn'"Cl*, 
dichloride  of 


majigantfee  and 


Mni^O"     +     6HCI 
But  when   heated  with  hydrochloric  acid, 
chlorine  :^ 

Mn'O*  +  6HC1  -  3H*0  +  2Mn'Cl*  +  CF. 
7.  Cftrtain  oxidus  with  three  atoms  of  ox)'^en  react  in  a  very  peculiar  manner  with 
acida,  as  if  two- thirds  of  the  oxygen  were  rttained  by  the  metal  on  a  moro  intimate 
fooHng  than  the  remainder,  Trioxide  of  uraniuni  IPO',  is  the  most  striking  mcml^er 
of  this  cliisSL  To  judge  from  its  reactions,  it  would  seem  to  be  the  protoxide  of  an 
oxidised  radicle  UK)*,  playing  the  part  of  a  metal  Thi*  trioxide  might  be  rcpreecnted 
by  the  formula  (UK)*)  O,  analogous  to  that  of  protoxide  of  copper  Cu"0,  in  winch  the 
compound  radicle  UK)*  nlays  tl^  part  of  metallic  copper  Cu.  Certain  it  is  th^t  the 
grouping  U^O*  is  capable  of  being  tmnsfprred  from  one  compound  to  another  in  ex- 
change for  an  atom  of  hydrogen  or  its  representatiTe,  precisely  as  ia  the  metal  copper, 
thus:— 

Cu^O  +  2HN0*  =  H*0  +  Cu-(NO*)*. 
(U*0*rO  -I-  2HN0*  =  HK>  -i-  {U»0*)*(NO')» 
In  a  similar  manner,  the  trioxide  of  antimony  occnsionally,  and  the  trinxtd©  of  iion 
more  rarely,  react  as  if  their  respective  formuhe  were  (Sb'O*)*'0  and  (Fe*0*)'*0.  Ic 
many  aluminous  silicates  also,  the  trioxide  of  akn^inium  A1*0*,  appears  to  function  as 
a  protoxide  of  aluminyl  (Al*0*)"0.  The  pi^culiarity  of  the  trioxiae  of  umniiun  ia  that 
it  never  acta  as  a  salifiable  trioxide,  but  always  as  an  oxide  of  uranyl  O^des  behaTin^ 
in  the  above^described  manner,  were  termed  by  Laurent  basyl-oxjdefl,  and  their  conw- 
spjnding  salts  basyl-salts, 

4,  Oxides  with  four  atoms  of  Ox^gtn,  formed  on  the  type  H*0*.  The  only  known 
anhydrous  oxide  belonging  to  this  type  is  the  tetroxide  of  osmium  OtO^  (p.  346V 

The  hydratea  corresponding  to  the  dioxides  also  belong  to  it:  e,  g,  stannic 
hydrate  H*Sn"0*,  palladic  hydrate  HTd«'0\  platinic  hydrate  H*Pt*^0* ; 
abo  certain  double  or  saline  oxides  containing  tetratomic  metals,  r.^.  at  annate  of 
sodium  Na*SQ''0*,  pi  a  tin  ate  of  potassium  K*Pt'*0*,  &c 

The  t™*  H*0*  also  includes  the  large  class  of  oxides  known  as  f-oxidea,  com  pounds 
in  which  6  atoms  of  hydrogen  aro  replsc^'d  by  2  atoms  of  a  tri*equiralent  metal, 
while  the  remaining  two  in  the  type  either  remain  or  are  replaced  by  one  atom 
of  a  di-equivalent  metal.  Examples  of  tlieae  compounds  are  furnished  by  mag* 
n  p  t;  i  c  0 1  i  d  e  of  iron  Fe"(Fe  ")«0*,  eh  rom  e  -iron  Fe''(Co"')*0*,  r e  d  le  a  d  Pb''(Pb'")*d\ 
red  oxide  of  manganege  Mn"(Mn"')*0*«  &c.  Some  of  the  native  |^oxidea  are 
▼ery  slowly  attacked  by  acid^t,  but  all  of  them,  when  detv^m posed  by  acids,  form  aalta 
eorresponding  to  the  acids,  with  elimination  of  4  at,  water  for  each  atom  of  oxide  de- 
composed ;  f.  ^., 

Fe"CFo^'*)»0*     +     8HCI       -       4H*0     +     Fe'Q*     +     2Fe'^Cl*. 

OJtt^^mth  five  atoms  of  ox^qcn.forfmd  on  the  type  W*0^.  To  this  typ<»  belong 
the  pentoxides  of  bismuth  Bi*6*,  antimony  Sb*0*,  ond  arsenic  As*0*,  all  of  which  «* 
of  acid  character*  The  last  is  easily  soluble  in  water,  the  other  two  ai«  in  soluble* 
With  these  oxides  may  also  be  classed  phosphoric  anhydride  P*0*,  and  nltrie  anhv- 
dride  N*0*.  ^ 

The  same  metal  may  give  origin  to  many  difierent  oxides  and  hydrates,  as  instsjieed 
^^ptrtirularly  by  tnjmganose.    The  protoxides  and  prolohydrates  are  the  most  stronglj 
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btivkHait  uid  then  follow  Ui«  triozidee.    Thp  jmd  chAr&ctcn  of  thi«  h^drat'^fl  ini^rcas^ 
mia  th«  relative  propordoii  of  oxygen  whiuh  thi»y  cootjuD:^ 


f 

I 


H*Mn"0*  Mao^uunu  hydrate 

HMn'^O*  Mangnoic  hjorate 

H^n'iO*  Manganic  aeid 

HM***©*  Permanganic  acid 


MjiO  Protoxide 

Mn»0*  J*oxid«» 

Mn«0>  Trioxide 

MnO*  Porazlde 


Ppotochloride 

DicWoride 

Tetraehlorid© 

Trichloride 

Hcxchloride 


The  reUdoot  of  the  principal  clag««8  of  chloridea  and  califlable  oxidiM  to  one 
another  ara  ahowo  in  the  foUoiring  table : — 

KQ  Protoxide*      K'Q 

BaXP  „  Ba'O 

Sn*^ri«  Dioxide  8n«*0» 

Cr"Cl'  Trioxide  Cr«0« 

IrCl*?  „  IK)* 

Occiirrmct  and  firmtUion  of  Mrittilie  (Xrides,  Some  metallic  oxides  are  fon nd 
natiTe.  The  prindpal  of  these  are  certain  oxid««  of  iron,  namelv»  the  trioxide  Fe*0*. 
knoim  as  red  haemHtite  or  ollgiHte;  the  hydrated  triozide  HFe^O^  known  as  brown 
bsmatite  or  browitftone;  the  |-oxide  Fo''(Fe*')'0',  known  as  magnetic  iron  ore,  and 
eartain  oxides  of  manoatiese,  namely,  the  peroxide  MnO*  known  as  pyrolnsite,  and 
MVwal  imrar  oxides,  tndvding  the  trioxide  or  bniunite  Mn^O',  the  hydmled  trioxide 
or  manganiu  H(Mn)'"0*,  the  {-oocide  or  hauflmanite  Mn''(  Mn^'/O^  and  on  oxide  of 
peenliar  eompoaition,  known  aa  Tarricite.  The  prineipa^l  aonroe  of  tin  is  the  natime 
dioxide  SoO\  or  tinatone  ;  of  ehrominm,  the  native  double  oxide  of  chrome  and  irDn, 
or  chrome-iron;  and  of  nranium,  the  native  J-oxide  U''(U'*)*0',  or  pitchblende.  Tri- 
oxide of  aluminium  A1'0\  oocnra  native  in  the  form*  of  ruby,  «iapphije>  and  eomndnm ; 
add  eonibtaed  with  oxide  of  magnesium  in  spinelle  Mg'*(Al'*)=K>*.  Moreover,  native 
alumina  and  native  magneina  occilt  in  the  hydrated  atate,  the  former  aa  diaspcn^  the 
bit  I  or  111  brucite.  Native  trioxides  of  antimony  and  btsmnth  bare  been  oceasionally 
met  with,  as  have  alio  the  two  osidea  of  ooppen  Dioxide  of  titanium  is  found  native 
aa  rutite,  hrookite,  and  anataae. 

MetaUie  hjdratea  at*  obtained  arttficiallj  by  the  following  proeesses :  a.  The  sotnble 
hydntea  of  eakittin,  atrontiuiii,  and  barium  arp  u<»ually  prepared  by  the  action  of  water 
upon  the  anhydroua  protoxides.  The  soluble  hydrate*  of  lithum,  sodium,  and  nofaasfium 
might  be  made  in  a  similar  way,  but  in  practice  they  are  iilwnjH  obtained  by  aecompos- 
ing  solnt  ions  of  their  carbonntea,  sulphates,  or  sulphydrates  by  other  basoe,  Thn«  the  car- 
iMioate  of  itlkali-m<?tail  is  usually  decomposed  by  lime  or  barvta^  the  sulphate  by  baryta, 
and  the  Hulphydrafo  by  oxide  of  copper.  Hydrate  of  banum  Kkewiije  is  frequently 
made  by  decom posing  the  sulphide  or  solphydrate  of  barium  with  oxide  of  copp«?r.  The 
six  soluble  hydrates  also  result  from  the  action  of  water  at  ordinary  temperatur«i  upon 
their  respective  metals.  The  insoluble  salifiable  hydrates  are  prepared  by  decomposing 
Bome  or  oth^  of  th*'ir  salts »  with  the  above  soluble  hydrates,  or  with  ammonia,  or  in 
some  caaea  with  magnesia.  Moreover,  the  carbonates  of  the  corresponding  ba^loua 
matals  may  be  subAti tutted  for  the  above  hvdratea  to  precipitate  those  hydrated  oxides 
which  do  not  readily  combine  with  carbonic  anhydride  to  form  carbonates,  thus : 

8nCa»       +       H'O     +       CaXO»         =       Ca"Cl*       +     ffSn'O*       +       CO* 
2FeCl«       +     3HH)     +     3Ca"C0'        -       SC^^Cl*     +     2H»Fe'"0«     +     3C0'. 

And,  in  a  few  cases,  water,  especially  boiling  water,  may  be  subeiituted  for  the  alkali, 
thus: 

Bi"(NO»)*     +     ZmO      -       3KN0»     +     H»Bi'*0». 

Nitrate  of  tellurium  is  decomposed  by  water  in  a  somewhat  similar  manner. 

The  hydrated  peroxides  in  nanallj  prepared  by  adding  water  to  the  anhydrous  per- 
oxides of  the  higfily  baavlona'metals ;  or  by  precipitating  their  soluble  salts  with  per- 
oiide  of  hydrogen ;  or  by  paesing  chlorine  gna  through  the  protoxidea  of  the  heavy 
met&ls  suspended  in  water  or  alkaline  liquid  : 

a*     +     2KH0     4-     2CoO       -      2KCI     +     Co^CHH^O. 

The  protohydratea  of  iron  and  mangODeae  absorb  oxygen  from  the  uir  to  form  their 
respective  sesquihydntea, 

•  The  recent  alt«rmt1«np  in  ttir  utomic  wei|tlit«  of  thf  metals  (IU.SS7)  hate  neeeuititcd  eorrMpondlnir 
iilt#rat]nii«  tn  (lh#  nomrnclature  of  oxidet,  thi>»fi  compoundj  bolDff  now  callrd  prnto-  (ar  mono-),  du, 
ttt  trUo%i4ie§^  litiiplr  »teortJlt*g  to  tb«  number  of  oxyB^n-momi  which  tbry  conUin,  «tid  the  protQ-«nd 
trl-oxIdM  beinf  d(iiinRu(»b«d  nt  di'  or  mon<^-mfiiAlllr,  according  to  theni>(ntH!r  of  atomi  of  ittrtAl  «»iact- 
)tt«>d  wiih  tbe  oxjgm:  r^.,  K^O  s  dkpotMfk  OKide;  Hh"0,  mono-htrjtic,  or  limplf,  burytlc  oxfdvi 
Tt'O*  ss  dkhromie  trioield*  ;  CrO*  chromic  lrloxid«.  Thu  dimeullic  trioxidfu  itlumlna,  for  ex^m- 
pU)  wer«  ripreiented  accordlnjr  t"  th**  formsr  ijiteifi  of  «tomk  wdgbti  (1.  466)  bf  tbe  ionnuU  >I*0'. 
sodcMlled  tetquloKidei<    (See  KouixcLATOits,  p.  133.) 
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^.     Anb^'dioofl  oxliiefl  are  frequeDtly  prepared  by  diieetlj  ozidisiiig  the  taet^L 
M(U]y  oxidm,  especitilly  those  of  volutiie  mettdn,  arseuic,  sine,  cailxnium,  nod  mercun', 
for  iosUueOf  ^^  obtained  b^  simply  heating  the  metals  in  air  or  oxy^u.     Protoxidn 
of  leAd,  a  rPtidily  fiisiblc  oxide,  in  mad**  comra«»rciiiUy  by  i-oiRting  the  metal  in  a  ciirprDt 
of  air.     BJaek  oxide  of  iron  is  woll  knoflm  in  tho  form  of  smithy  scolt^^  bs  m  produrt 
of  the  ignition  of  iron  in  tho  atmosphere;  and  the  two  oxidc§  of  copper  mnj  be  roadfl 
in  ft  aimilar  manner.     8ometiine«j  alao,   raetiillic  oxides  result  from  the  dtrpct  nctio 
of  oxygen  upon  L^^rtain  compounds  of  the  metalii.      Thus  arseniona  oxide,  ai*d  th 
mixed  oxides  of  iron  and  copper,  are  propiirf?d  by  rooMing  mc'tatlic  HuIphidPH  iustond  < 
the'  rognlinii  mtitiilfl.     A|:ain^  peroxide  of  Hiher  ia  mtide  by  acting  ufK»n  nitriit<^  of  ^Uvf 
with  nascent  oxygen  eTolved  from  th*»  po&iitive  plate  of  the  btittery*    Many  oxidt**^  pr 
curfd  in  various  way»,  are  converted  into  their  higher  oxides  by  ignition  in  a  eurrenf 
of  oxygen  or  of  air,  hs  is  the  caa^  with  peroxide  of  barium  ana  reil  oxid^  of  lead,  fat 
ioBtanee.     In  this  direct  mode  of  oxidation  th^  oxygien  is  frequently  supplied  by  mean*! 
of  some  oxidising  compound.     Thus  the  oxides  of  tin  and  antimony  are  readily  nuulalf 
by  aetins:  upon  the  respective  metals,  or  their  sulphides,  with  strong  nitric  acid;  andll 
many  oxides  are  procured  by  fusing  the  metak,  or  thnr  snlphidea,  with  nitre.     By 
this  la«t  method,  the  resulting  oxides,  if  at  all  of  an  acid-forming  character,  appear  inl 
the  state  of  potasaiifm-tt&lts.      Many  metals,  especially  at  a  red  heal,  are  r^^dilyl 
oxidated  by  water  or  Bteam.  f 

y.  Some  oxides  are  mode,  not  by  oxi«ijttion,  bnt  by  r«?duction  of  theirsiiponoroxjdf«.J 
Thus,  the  }*oxide  of  maugaoese  i/j  made  by  igniting  the  peroxide,  Trioxide  of  chn>»J 
mium  m  made  by  igniting  chromic  aeid.  or  the  chromatea  of  the  Vf>latil«  mctata,! 
mercury  and  ammonium.  Cuprous  oxide  is  made  by  reducing  cuprie  oxide  witli] 
metallic  copper.  Dioxide  of  tungsten  is  made  by  reducing  tungtttic  anhydride  in  a\ 
current  of  hydrogen.  Sometime*  the  hydrog»'n  resulting  fmm  the  deeompo«i(iou 
ammonia  efflctii  the  reduction.  In  this  wuy  tlie  ignition  of  molybddt^j  of  animoniuial 
yields  protoxide  of  molybdenum.  1 

S.  Ono  of  tlie  mcMt  common  methods  of  preparing  anhydrous  metallic  oxides  conaulyj 
in  heating  metalHc  hydrates,  carhonatea,  oxalates,  nitrates,  and  sulphates.  Neairlj  aU'l 
metallic  hydrates  yield  metaUic  oxide  by  exposure  to  a  degree  of  heat  varjong  from! 
below  100°  to  full  redneas.  The  hydrates  of  potassium,  sodium,  and  lithium  are  noti 
decomposed  by  heat.,  but  can  yidd  their  oorrespoudlng  oxides  by  treat  mrnt  with  their  j 
lespeetiTe  metals:  KaHO  +  Na  »  Ka^O  +  H.  All  metallic  carboQat«%| 
exoeptiog  those  of  barium,  pota£«ium,  sodium^  und,  to  aome  extent,  lithium,  ar*J 
decompoAed  by  heat  and  yield  metallic  oxides.  Quicklime  or  protoxide  of  calcium  »§  1 
made  m  thia  way  by  the  ignition  of  chidk  or  carbonate  of  calcium.  The  oxidea  of  I 
nickel  and  cobalt  are  frequently  prepared  by  igniting  their  oxalates;  those  of  bai4ii]%f 
copper,  and  mercury  by  igniting  their  nitrates;  and  those  of  iron  and  aluminium,  b/| 
igniting  their  sulphates.  | 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of  metallic  limf  re.    With 
the  exception  of  thi}  peroxides  of  dlreri  lead,  and  manganese,  thinr  are  non-<-nnductofs 
of  electricity.     The  aensities  of  metallic  oxides,  save  of  the  highly  bsaylous  onea,  ar« 
oroally  lower  than  those  of  the  metals  themselTes,     Some  rtatiTe  oxides  are  extremely  j 
hard.     This  hardness  greatly  exceeds,  but  otherwise  bears  no  rehition  to,  the  hardness^ 
of  the  corresponding  metals.     At  ordinary  temperatuircs,  all  metallic  oxides  occur  in 
the  solid  state.     The  miyority  of  them  are  fuaible,  those  of  lead  and  bir^mutb  at  a  low 
red  heat,  those  of  copper  ancl  iron  itt  a  white  heat,  those  of  barium  and  aluminium  in 
the    oiyhydrogen  blowpipe,  but  that  of  calcium  at  no  temperature  to  which  it  has 
hitherto  been  subjected.      Unlike  the  compounds  of  metal  with  chlorine,  which  are 
much  more  futiible,  the  compounds  of  metals  with  oxygen,  except  indited  the  bUek  i 
oxide  of  iron,  the  trioxide  of  chromiumj  and  the  trioxide  of  molybiennm,  are  much  leM 
fusible  than  the  uncombined  mptals      Tetroxide  of  oemium,  trioxide  of  arsciiie  and 
dioxide  of  tellurium  are  readily  volatile. 

A  greater  or  lesj^  degree  of  heat  efrei!ta  the  decomposition  of  many  metalHc  oxides. 
Those  of  gold,  platinum,  silv<:r,  and  mercury  are  reduced  to  the  regnline  state  by  an  ijici*  I 
pient  red  heat.  At  a  somewhat  higher  temperature,  the  peroxides  of  barium,  cobalt,  niekell 
and  lead  are  reduct^d  to  the  state  of  protoxides;  while  tbe  the  j-oxidee of  mangiuieae  and  i 
iron  result  from  the  exposure  of  the  dioxide  and  trioxide  respectively  to  a  still  atronger  ^ 
degree  of  heat.  By  gentle  ignition  ar^i^nic  anhydride  is  reduced  to  the  state  of  arsen* 
ioiu  anhydride,  and  chromic  anhydride  lo  the  state  of  trioxide  of  chromium. 

The  superior  oxides  of  the  metals  are  readily  reduced  to  a  lower  state  of  oxidatiou 
by  treatment  with  a  eum'nt  of  hydrogtngut  at  a  more  or  less  elevated  temperaturei.  ( 
At  a  highej*  degree  of  heat,  hydrogen  gas  will  Inrn^form  to  the  reguline  state  all  metallic 
oxides  except  the  trioxides  of  aluuiiniuin  and  chromium,  and  the  protoxides  of  maH" 
ganese,  magnesium,  barium,  strontitim,  calcium,  lithium^  sodium,  and  potassium.  The 
temperature  necesaory  lo  enable  hydrogen  to  effect  the  decomposition  of  some  oxides  ti 
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fQBlpBnktivolY  low.  Thxia  evi'n  metaliie  iron  may  1x3  ivdnced  from  its  oxidm  by  hjdru- 
gvii  gufl  at  ADfeftt  ccmsidorHbly  below  redDeas,  bo  as  to  form  an  iron  pyTopboni^  Carhan, 
»l  a  rwl  or  whit*  heat,  ia  a  still  more  powerful  deonidHting  agent  tbao  hydrogen,  and 
iimnw  to  b«  eapable  of  completely  reducing  all  metaltic  oxides  whatsoever.  iH  the  ro- 
duedoo  of  enotidlic  oxides  by  carboo  at  a  high  temperature,  carbonic  oxide  ib  always 
|irodiioedt  fclM  redtidng  power  of  which  gas  also  is  extremely  great.  The  oxidtMhtt 
wutais  in  MDcnd  act  as  reducttig  aoraita.  As  a  mle,  the  more  Dssylous  metals,  when 
bevited  with  the  oxides  of  leas  bosyloas  metals,  reduce  the  latler  to  the  regtiline  si-ate. 
Many  inferior  oxideSi  otiproias  oxide  for  instance^  are  made  by  rednmng  the  higlu«r 
oxides  with  metal 

With  the  exfvption  of  the  oxides  of  the  earth- metals,  ehlortns  deoompoees  all  me- 
tallic oxides,  unilifig  with  the  metals  to  form  chlorides,  and  exp«^l]ttig  the  oxygen. 
With  oxide  of  ailver  this  reaction  takes  place  at  ordiDory  temperatures;  with  the 
aJkuliM  and  alkidino  oarthSf  at  a  full  red  beat.  The  action  of  ehlonne  upon  metalUc 
hydrates  o&d  moist  metallic  oxides,  to  form  metallic  chlorides  and  either  hypochlontes 
or  perooddei^  has  b«cn  alr«>ady  deacribcHi 

iuipkuf  At  ID  elevated  temperature  can  decompose  most  metallie  oxides.  With 
many  oxides,  those  of  silver,  mercury,  lead  and  copper,  for  iiiStancej  metallic  sulphides 
ai)d  stdpburous  anhydride  are  produced.  With  the  highly  bssylons  oxides^  the  prxt- 
ducts  are  metallic  suh^hate  and  sulphide.  There  are  some  oxides  upon  which  sulphur 
exerts  no  action.  Of  theee  the  prmdpal  are  msgnesia,  alomina,  ckromic  oxide,  nnd 
the  fit&nnic  and  titanic  anbydria^.  By  boiling  sulphur  with  solubli.^  hydrato8,  mix- 
1  tir«»s  of  polysnlphide  and  hyposulphito  are  produced.  With  the  exception  of  mamiesia, 
alumina,  and  chromic  oxide,  most  metallic  oxides  can  absorb  sulphuretted  hydrogen^ 
to  form  metallic  sulphide  or  sulphydr&te  and  water. 

The  action  of  ph^phorua  upon  metallic  oxides  is  very  anxlogoos  to  that  of  sulphur ; 
it  tisiiidly  produces  a  mixture  of  phosphide  and  phosphate.  Like  sulphur  it  does  not 
iv^act  with  magnesia  or  alumina.  Boiled  with  the  soluble  alkalis  it  produces  phus- 
plioretted  hydrogen  and  a  bypopbosphittv 

The  action  of  water  and  acids  upon  metallio  oxides  has  been  already  considered 
(pp.  S02-^06V.  Many  of  the  acid  oxides  dissolve  in  water  to  a  greater  or  Irss  extent, 
UEidergoing  decomposition  and  forming  acid  solutions.  But  the  dioxides  of  tin, 
titanium,  adroonium,  and  tantalum,  and  the  trioxides  of  tellurium  and  tuuflsten,  may 
be*  obtained  in  a  state  perfectly  insoluble  in  water.     (  Odting*»  Manual  0/  (3kemisify.) 

Peroxides  of  Organic  Radiclei, 

Th«  hydrates  and  oxides  of  basyJons  or  positive  organic  radicles  formed  on  the 
♦i.H^O  have  been  already  described  under  Alcohols  (i.  97 J  and  Ethshs  (ii.  608); 
Ihi:^  hydrates  and  oxidoa  of  add  or  nc^tive  organic  radicles  formed  on  the  same 
ly|H»  are  de*icribed  under  Acids  (i.  39),  and  AjrHTDRrnxs  (L  293).  We  have  here 
l«  dfsmbe  certain  peroxides  of  acid  organic  radicles  recently  discovered  by  Brodie 
(Proc  Iloy.  Soc.  ix.  361,  xii.  65d;  Phil  Trans.  1864,  p.  407;  Chem,  80c  J.  xviL 
2G6).     The  following  have  been  obtained  : — 

Peroxide  of  Acetyl       .  .  .  C^HH:i'  -  (CTI«0)".0« 

Pen.xidi  ofButyryl    ,  .  C>H'*0'  -  (C*H»0)*.O» 

Peroxide  of  Valeryl      .  .  .  C^^H'^O*  -  (G*fl*0)«.0* 

Peroxide  of  Benzoyl    .  .  ,  C'*H'*0^  «  (C'H«O)»0» 

Peroxide  of  Nitrobemcoyl  .  .  C^*H'(NO*)»0*      -  [C'H*(NO»)0]».0« 

Peroxide  of  Cuminyl  .  C-^n'O*  =  (C'»H*'0)».0« 

PerojDde  of  Camphoryl  .  .  Cni'^O*  -  C'»H"0*.0» 

These  orgunic  peroxides  are  produced  by  the  action  of  peroxide  of  barium  on  the 
chlorides  or  oxides  (anhydrides)  of  the  several  acid  radicles*  In  their  chemical  rela- 
tions they  are  the  analogues  of  peroxide  of  hydrogen  and  of  chlorine. 

The  formulie  just  given  express  their  compost tioo  in  the  free  state ;  the  first  six, 
whi<!h  contain  monatomic  radicles,  might  all  be  halved,  but  the  half- formula;  wuuM 
contain  unevnn  numbers  of  hydrogen -atoms  and  cannot  iJiereforo  be  admitted  for  the 
isolated  compounds :  these  half- molecules,  however,  like  the  single  alum  of  chlorine, 
may  exist  in  combination  with  hydrogen,  producing  tlie  cun»ponding  acids;  thus: — 
Fr*»  ehlorlcifi,  Httlrorhtorle  sdil. 

aCl.  HCL 

Freeptiroxfdeof  A  relic  acid* 

acetyl. 
C«H*0*.  H.C'H'O*. 

Prroxide  of  AtftjfU  C*H*nV  is  prepared  by  di.«Molving  ncetie  anhydride  in  pure 
ctlier.  nnd  gradually  adding  an  e<|invuirjit  qujui!ify  of  pur*  peroxide  of  barium : 


2C*1I'0^ 


Bit'Q* 


-        C*II*Ba''0*      f      C^ITO*. 


dio 
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Its  pni'piitnitif^n  and  properties  hate  already*  been  described  (i.  35)»    When  dry  it  M 
violeDtlj  explcuave  and  mcu^t  be  bandied  witb  tbe  grcatiMi  caution.     It  ii  »  powei^id 
oxidising  agent,  like  peroxide  of  hjdrogen,  but  iu  distlti^ifib^d  from  that  compooiMi  bj  ] 
not  redadng  cbronuc  or  permunganic  acid  in  acid  eolution. 

Peroxide  of  Buiyryl,  C'H'*0^  is  casUr  prepared  bj  carefully  mixiiig  bntyrie 
anhydride  with  an  c^tuTalent  quantity  of  hydzated  peroxide  of  barium  (till  a  drop  of 
tbf)  mixture,  acidnlated  wiih  bydrochtorie  acid,  g;iTca  a  faiat  blua  colour  with  diluta  ( 
■olntkni  of  acid  chromate  of  potassium)^  stirring  up  the  mass  with  a  little  water,  mud  < 
i^tating  wUh  ether.  The  ethereal  solution  washed  with  dilute  hydrochlorie  aeid« 
earbouate  of  eodium*  and  water,  and  lel>  to  eTaporate,  leaTe«the  peroxide  ofbutyryl  as 
an  oily  body  only  eligbtly  soluble  in  water  ;  it  must  be  dried  witb  chloride  of  caJ 
It  dfcoinpo»*(«  with  slight  explosion  wben  b^-ut*^*  and  when  suspended  in  wat«r  < 
an  oxidiiing  action,  like  the  acetyl^  com  pound. 

P§r oxide  of  Faleryl^  C**H}*0*^  prepared  in  like  manner;  is  a  heavy  oily  liquid^  < 
posseaiang  filmilar  propertied. 

Peroxide  of  Benso^l,  0*W^\  ia  prepared  by  gndually  mixing  pure  bydrated 

peroxide  of  barium  (prenously  dried  by  pressure  between  bibulous  paper)  in  a  mort&r 

witb  an  equivalent  quantity  of  ehloride  of  benjEoyl ;  mixing  the  mas«  after  some  houia 

witb  water ;  vriiahing  it  on  a  filter  with  water  to  remove  chloride  of  Itarium^  then  with 

carbonate  of  sodium  to  reinoTe  benzoic  acid ;  drying  tlie  product  under  the  air-pump* 

and  crystalUfliog  it  sereral  thuee  from  sulphide  of  cnrbou,  wliJch  must  not  be  h€«.tMl 

aboTe  35°.    The  quantity  thus  obtained  amounts  to  about  88  per  cent,  of  the  bensoie 

^  chkirsde  used.    Excesa  of  water  diminishes  the  ptoduct.    It  is  necessaiy,  howerer,  to  uae 

'  hydrated  peroxide  of  barium;,  because  the  anhydrous  peroxide  does   not   act  upovi 

benjiioic  anhydride,  or  eblorido    of  benzoyl  diseolved  in    ether,  even    at  100®,      Tlio 

*  quantity  of  the  prodtict  is  also  diminished  by  the  presence  of  peroxide  of  barium  in 

excess,  inasmuch  as  this  body,  in  presence  of  water,  destroys  tlie  peroxide  of  benaoyl, 

•(xeritng  a  reaction  exactly  oppoeite  to  that  by  which  it  was  produccHl :  thus» 


Formation:    2CT1*0C1     +     BaO* 

Kcniaic 
ctitorlde* 

Decomposition:    ((rH»0)*O»     +     BaO= 

Beiiiolr  per- 

ox\Ae. 


BaCl»     -I-     {pWQ)Ki\ 
B«!nii>ic  per- 

*       (C'HH>)*Bft"0'     +      0\ 

Bei»iu.'ite  of 


principal  axia 
1°  \'i    m    the 


Peroxide  of  benzoyl  may  be  obtnined  in  large  splendid  crvstiits,  belonging  to  the 
trimetrie  system^  and  exhibiting  the  combination  ooP  .  oP  .  P  .  Poo  .  ^  jpgo  .  i  Pod* 
Inclination  of  tlve  face^,  f*xi  :  oP  »  146^  36';  »P:  ooP  =  115°  41*;  jTPao 
J  Poo  -  \2iO  89';  J  Poo  :  I  too  -  143°  30';  l»oo  :  f «  over  the  *  *  " 
=  113®  12';  P  :  P  in  the  bnicbydiagonal  t«Tniina]  edge  =  131«= 
maerodiagonal  terminal  edge  i=  97°  36';  at  the  base  »  102^  11'.     (M  tiller.) 

Peroxide  of  bensoyl  melts  at  lOS'S^  {only  very  small  quunLities,  howevt^r*  com  ba 
melted  without  decomposition) ;  it  diBsolrea  readily  in  ether  and  benzene,  and  in  3d'5 
pts.  sulphide  of  carbon  at  15®.  It  is  decomposed  by  boiling  potash- ley  with  evolution 
of  oxygen,  and  format  ion  of  pot  ass ic  benzoate.  When  heauS  alone  it  decomposea  with 
slight  explosion;  if  mixet!  with  ^nd,  it  gives  off  carbonic  anhydride  (neariy  18  per 
cent)?  ft'  about  86°*  leaving  a  resinous  BtibHtance, 

Peroxide  of  Nitrohintoyl,  C'*H»(NO')«0*,  is  precipitated  on  adding  wmtei"  to  a 
eolution  of  benzoic  peroxide  in  n  liirge  excess  of  fuming  nitric  acid,  and  remains^  un 
evaporation  of  its  solution,  in  sulphide  of  carbon,  lis  a  light  yellow  substance  whieh 
ldflCom|H>sea  with  flight  explosion  wheu  heated. 

Peroxidt  of  Cuminf/L  V^B^O\  is  prepared  like  the  benjBoyl-compound,  and 
'  crystalliftes  from  ether  in  lung  needles,  which  explode  when  heated^  leaving  a  resinoaa 
}  Bubetauce. 

Peroxides  of  Diatomic  Aoid  Eadiclei,  The  anhydrides  of  dibasic  aetds 
treated  with  peroxide  of  barium  form  easily  decom^Hjsible  compounds  which  may  b# 
regarded  as  the  peroxides  of  diatotnic  radicles.  When  sitccinic  unkydride  is  g^nidually 
mixed  with  peroxide  of  barium  iktid  n  little  water,  an  evolution  of  oxygen  soon  takea 
place,  and  an  aDcaline  liquid  is  formed  which  does  not  contain  any  succinate  of  bsoium, 
nxit  possesses  strong  oxidising  properties,  though  it  containe  no  peroxide  of  hydrog<sn, 
as  it  dots  not  dccoJoriMe  permanganic  acid  or  form  a  blue  colour  with  acid  chromata 
of  pota»iJiiiim  (as  is  the  CdEti  with  a  mixture  of  barium 'peroxide  aud  succinic  add). 
The  solution  bleaches  indigo,  precipitates  manganic  perojdde  from  manganous  acetate, 
oxidises  fpirocyanide  of  potivssium,  eliminates  chlorine  from  hydrochloric  acid  when 
h^^  Jtted  with  it,  and  is  resohed  by  t^oitin^  into  free  oxygen  and  i^uccinato  of  barium. 
With  iactide  a  t^olution  is  formed  possesaing  simiiur  properties,  but  &till  more  decom 
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po«ibL«,  More  iKTmiuient  is  the  alkaline  strongly  axidi^in^  solutloa  obLaini^  by 
naittniting  1  &t  camphoric  anhydridi  in  a  well-oooled  vesBe],  witb  1  at,  bariiun^peroxide 
»tiil  wat«r.  Thii  soIuUdd  appeftn  to  oontAin  the  barimn-aalt  of  camphoric  peroxide 
C^*H>^Ba"0,  formed  by  the  dinct  onion  of  cAmphorie  anhydride  C*''H"0*  with 
iNiriuM-peroxido  BtiO',  and  not  a  camphorate  of  barinm^^eroxide ;  for  it  doe*  not 
yield  peroxidie  of  hydrogen  with  acids,  or  barium -peroxide  witli  allcalli}. 


OXTOMV,  l»liCTOTXOir  AXJk  BSTXAfATXOIf  01>.  Oxygen  in  the  pure 
fitate^  is  eaedly  distinguished  fmm  all  other  gasM  by  the  fiicility  with  which  it  sopporta 
cutubtution ;  a  taper  or  a  piece  of  wood  immetised  in  it  with  only  a  single  point  in  a  state 
of  ignition  bants  instantly  into  flame.  Thta  effeet  is  not  produoed  by  any  other  gas 
except  nitroiu  oxid«\  which  acts  like  dilute  oxygen,  rekindling  the  taper  only  when 
the  wick  ia  atill  in  a  state  of  TiTid  glow. 

In  gaseous  mixturea,  oxygen  may  be  detected*  and  its  quantity  estimated,  by  means 
of  a  solution  o(  pynj^fdiaU  of  pota$8ium^  which  abeorh«  it  rapidly,  turning  black  at  tliu 
same  time ;  for  the  detaiU  of  the  method  i<'e  Ajcaltsis  of  Gmj^b  (i.  283).  A  eolutiun 
of  ifollk  or  tannic  acid  in  excess  of  potash  may  also  be  used  ;  but  the  action  ot'  thet^e 
solutions  is  much  slower.  Oxygen  is  tilau  abfiorbed  by  jtho&phoruA^  potawHrn, 
solutions  of  alkolint  rtdphide^^ /efTtnts  mlts^  and  by  an  ammoniacal  teiuHon  ofeuprotm 
chloride,  or  of  cHprouM  9uiphat«  ;  bnt  none  of  these  reagents  are  ao  oonrenient  or  so 
exact  in  their  indicatioDS  as  pjn>gallate  of  potassium. 

Oxyeeu  may  also  be  separated  tsom  gaseous  mixture^  and  quantitatively  eati mated 
by  exploBion  with  hjfdrogtn^  the  Tolome  of  oxygen  present  being  equal  to  a  third  of  the 
volume  of  gas  which  disappean,  snpposing  of  oouise  that  all  other  gases  which  cmi  unite 
either  with  the  oxygen  or  with  the  hydrogen  hare  been  preTionaly  remored  (i.  285 )« 

The  amount  of  oxygen  in  solid  or  liquid  compounds  is  usually  estimated  by  differ* 
ence^  after  all  the  other  elements  pit«ent  luive  been  determined  (see  AjCAi^YSta,  OnoAjric, 
i.  23K).  There  are  but  few  i-omptiunds  from  which  oxygen  can  be  sepsmted  in  the 
free  Mate  by  the  action  of  heat  iilone,  and  it  is  only  from  the  noble  metals  that  it  can 
be  completely  separated  in  this  way ;  but  the  Ufiual  method  of  determining  the  oxygeji 
in  metallic  oxides  is  by  ignition  in  an  atmosphere  of  hydrogen,  the  water  produced 
being  absorbed  by  chloride  of  cakinm,  and  weighed. 

Active  oxygen  or  osone  is  diftinguished  from  ordinary  oxygen  by  its  more 
puwerM  oxidunng  properties.  The  reagent  usually  employed  for  detecting  its 
prc^sence  in  the  aiTp  or  m  wiy  gaseous  mixture,  is  paper  corered  with  atarch*paste 
containing  iodide  of  potassiiimi  which  ^en  moistened  quickly  assumes  a  bloe  or 
violet  colour  in  contact  with  ozone. 

Starch-paper  impregnated  with  solution  of  potaiiium-iodide  of  known  strength  is 
also  used  for  determining  the  relative  quantities  of  ozone  in  the  air  in  different 
localities,  and  at  different  time%  the  amoonl  present  being  regarded  as  inversely  proper- 
tlonal  to  the  time  of  exposure  required  to  produce  a  giren  depth  of  tint  But  the 
indications  thus  ailbrded  are  uncertain,  the  rapidity  of  the  action  bein^  modified  by 
vurir^us  circumstances,  as  by  the  temperature  and  humidity  of  the  air ;  moreover, 
the  piiper  once  coloured  by  OEone  becomes  decolorised  again  by  continued  exposur«^ 
and  thi^  F'ime  effects  of  coloration  and  subsequent  decoloration  may  be  produced  by 
other  gikiMss  m  the  uir,  chlorine,  the  oxides  of  nitrogen  for  example.  For  these  reasonst 
lluiizeau  prefers  litmus-paper,  slightly  reddened  and  impregnated  with  iodide  of 
potassium.  This  paper  turns  blue  in  prei<>eoce  of  osone,  the  colorution  arising  from  the 
production  of  a  certain  quantity  of  potush  and  fepamtion  of  iodine.  The  same 
change  of  colour  is  not  produced  by  any  other  gas  except  ammonia,  and  the  blueing 
produced  by  this  reagent  is  easily  (Hstinguished  ^m  that  ariaing  from  the  action  of 
Uicone,  inasmuch  as  it  is  likewise  produced  on  red  litmus-paner  not  containing  iodide 
of  potassium.  Chlorine,  bromine,  iodine,  nitrous  compounas  and  acetic  acid,  change 
the  r*d.  colour  of  the  prepared  paper  to  rediJieh  yellow. 

Andrew**  estimates  the  quantity  of  oaone  contained  in  a  given  volume  of  air  by 
pu^fiing  the  dry  air  through  a  bulb-appamtuB  containing  solution  of  pota»^ium-iodide, 
tlun  through  another  containing  strong  sulphuric  acid  to  abhorb  thf  water  carried 
away  from  the  first  solution,  xhe  incfease  of  weight  of  the  two  apparatus  gives 
the  qiiftntity  of  ozone  absorbed,  and  on  determining  the  qUjUitity  of  iodine  set  ft*ee, 
according  to  Bunsen's  mcthtnl  (i.  265),  it  is  fonnd  that  the  quantity  of  oxygen 
equivalent  to  the  iodine  thus  libi^rated  t«  exiictly  equal  to  that  of  the  okooc  absorbed 
(p.  801). 

Atfymic  weight  of  Oatygtn. — The  pri)poHion  between  the  atomic  weightu  of  oxygen  and 
hydrogen  is  determined  by  the  analysis  and  synthenis  of  water.  The  most  exact 
mi^hfld  consists  io  pus^^ing  jwrfectly  pure  hydrogen  gas  over  red-hot  oxide  of  copper, 
iind  eompimnj^r  the  luBfii  of  wii^lit  which  this  oxide  sustains  with  that  of  the  water 
prothuxd.     Exj K' rimcn I s  ni4i ^ *>  i  ti  this  man ne r  by  B  e  r z  e  1 1  u  s  and  D  u  I  o  n  g  ( Ann.  Clu 
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Phys.  Ixv.  386),  subeequently  with  greater  exactness  by  Dumas  snd  Stas  (Abb.  Ch. 
Phyp.  [3]  viii.  189),  and  by  Erdmannand  Marc  hand  (J.  pr.  Chem.xlTi  4%l\ooncar 
in  showing  that  water  is  composed  of  1  pt.  by  weight  of  hydrogen  and  8  of  ozjgeB  (iii. 
195),  and  therefore,  that  if  the  atomic  weight  of  hydrogen  be  taken  as  the  nmit,  and  the 
composition  of  water  be  represented  by  the  formula  H*0,  the  atomic  w«ght  of  oxyecB 
is  16.  The  reasons  for  regarding  water  as  BH),  and  not  aa  HO,  have  been  taiXj  oui- 
cussed  in  the  article  Atomic  Weights  (i.  461). 

OZTOBir AXan  IVATBB.  Water  holding  peroxide  of  hydrogen  in  aolntioo 
(iiL  197).  Schonbein  (J.  Pharm.  [4]  I  75;  Bull  Soc.  Chim.  1866,  i.  «9)  detocU 
the  presence  of  peroxide  of  hydrogen  in  water  by  its  power  of  converting  the  protooddee 
of  lead,  nidcel  and  a  few  other  metals  into  peroxides,  and  the  decomposition  of  potes- 
sium-iodido  by  these  peroxides  in  presence  of  an  acid.  The  liqmd  to  be  tested  haying 
boon  rendered  alkaline  by  a  little  potash,  a  small  quantity  of  a  lead-salt  is  added  (not 
in  excess)  and  then  iodide  of  potassium  mixed  with  starch.  If  then,  on  adding  an  acid, 
a  blue  colour  is  produced,  the  presence  of  peroxide  of  lead,  and  consequently  of  peroxide 
of  hydrogen,  in  the  original  liquid  may  be  inferred. 

OXTOBVOZD«  A  name  applied  by  D u  f  los  to  those  non-metallic  elements  which 
in  their  chemical  relations  exhibit  a  certain  resemblance  to  oxygen,  vis.  bromine, 
chlorine,  fluorine,  iodine,  selenium  and  sulphur. 

OXTOVAJTZVa.  A  substance  produced  by  the  action  of  permanguuite  of  potas- 
sium on  guanine  dissolved  in  caustic  soda.     (See  Guaionb,  ii.  962.) 

OX-romOMZO  AOZB.  C^H*«0».  (A.  Beyer,  Ann.  Ch. Pharm.  cxzsd.  363.)— 
When  glucose  is  treated  with  cupric  oxide  and  potash  for  the  preparation  of  Reichardfs 
guramic  acid  (ii.  956),  the  resulting  liquid  precipitated  with  cmoride  of  barium  after 
beins  rendered  slightly  alkaline  by  ammonia,  and  the  precipitated  gummate  of  barium 
dried  over  the  water-bath,  part  of  it  is  converted  by  oxidation  into  oxygumnxate  and 
carbonate  of  barium  : 

(MHioQio     +     0*       =       C«H»»0'»     +     2C0» 
Oummic  ackl.  Oxygummie 

acid. 

The  barium-salt  treated  with  sulphuric  acid  yields  a  solution,  from  whidi  oxygummic 
acid  may  be  obtained  in  shining  needles  soluble  in  water  and  alcohoL  The  solutions 
aire  strongly  acid.  The  crystals  dried  in  the  air,  or  over  sulphuric  acid,  give  off 
water  and  leave  a  white  powder  soluble  in  water.  Heated  above  130^  the  acid  decom- 
poses with  intumescence,  giving  off  pungent  aromatic  vapours  and  leaving  an  acid  car^ 
bonaceous  residue. 

Oxygummic  acid  is  tetrabasic.  The  barium-salt,  C*H*Ba"0",  isabulkr  precipitate 
which  soon  becomes  crystalline ;  it  dissolves  sparingly  in  water,  easily  in  hydroraloric 
acid,  and  gives  off  a  little  water  at  100°.  The  silver-salt,  C*H"Ag*0**,  is  a  white  preci- 
pitate sparingly  soluble  in  acetic  acid,  less  sensitive  to  light  than  the  gommat^  At 
100^  it  deflagrates  like  oxalate  of  silver. 

OXTBXPPUXZO  ACX]>.  C*H*NO^— This  is  probably  the  composition  of  an 
easily  soluble  acid  produced  by  boiling  the  aqueous  solution  of  diazohippuric  acid, 
CH'N'O*  (the  product  of  the  action  of  nitrous  acid  on  amido-hippunc  add,  iiL 
160).     (P.  Oriess,  Jahrcsb.  1862,  p.  260.) 

OXTBTOROOBW  BX.O'WTZVB.  See  Blowpifb  (i.  616).— Deville  and 
Debray(Ann.Ch.  Phys.  pjlvi.  385)  employ  the  oxyhydiogen  blowpipe  in  the  fUlowing 
manner  for  effecting  the  nision  of  platinum  and  the  r^&actoiy  metds  which  accompany 
it.  The  apparatus  consists  of  the  blowpipe  C  (flg.  733),  a  furnace  ABD,  and  a  crucible 
GHI.  The  blowpipe  is  composed  of  a  copper  tube  about  half  an  inch  in  diameter,  ter- 
minating below  in  a  slightly  conical  platinum  jet  about  1 J  inch  long.  Within  this 
tube,  which  is  supplied  with  hydrogen  or  coal  gas  through  the  stop-cock  ^,  is  a  second 
copper  tube  C  for  supplying  oxygen,  terminated  also  by  a  platinum  nozzle  with  an 
aperture  of  about  a  twelfrh  of  an  inch  in  diameter. 

The  furnace  ABD  consists  of  three  pieces  of  well-burnt  lime  of  slightly  hydraulic 
quality,  which  may  be  turned  at  a  lathe  with  ease.  The  cylinder  A  is  about  2^ 
inches  thick,  and  is  perforated  by  a  slightly  conical  hole  into  which  the  blowpipe 
flts  accurately,  passing  about  half-wuy  through  the  thickness  of  the  mass.  A  second 
sumcDfhat  deeper  cylinder  of  lime  B,  is  liollowed  into  a  chamber  wide  enough  to  admit 
the  crucible,  and  leave  an  interval  of  not  more  than  a  sixth  of  an  inch  clear  around 
ii .     KK  are  four  apertures  for  the  escape  of  the  products  of  combustion. 

The  outer  crucible  HHia  also  made  of  lime,  but  it  contains  a  smaller  crucible  /of 
ga^-coke,  proWded  with  a  cover  of  the  same  material ;  and  in  this  the  substance  to  be 
fused  is  placed,  the  crucible  resting  on  the  lime  support  B'.  The  conical  cover  G  is 
made  of  lime,  and  its  apex  should  be  pkced  exactly  under  the  blowpipe  jet,  at  a  distance 
from  it  of  j  to  1 J  inch. 
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The  diifcreiit  piecat  of  the  fimi»c«  moat  be  tiound  rotind  with  iron  wire  to  mpport 
them  when  Ihej  encL     Tli«  oxygen  ii  adniitt«<d  under  a  pfcssure  of  a  column  of  IS 

incbet  of  witer.     The   tompentim  is 
Wig,  i3St  pvdtially  nued  to  tbem&xiiniUD,  and  in 

0  About  fight  minutes  from  this  time  thu 

operation  is  complete; 

By  employing;  a  jet  of  mixed  coal*gas 
and  oxygen  {EQ,  fig,  734)  in  a  fiimttoeof 

Fig.  734, 


lime,  D<»Tille  and  Debray  sncceedod,  at 
an  expanse  of  alnjut  43  cubic  feet  of 
oxygen,  in  melting  and  rp^ning  in  42 
iiiinut«fli,  26-4  Iba.  uvuirdupois  of  plati- 
Hum,  uid  cit«tiug  it  into  an  ingot  in  n 
moidd  of  g^uiH»>ke  ;  and  moA  latter 
masses  have  since  bef*u  mdied  by  Ihiji 
method.  lime  is  ko  bad  a  conduetur 
of  heat  thai  if  a  cup  of  Lime  not  mon.' 
thun  ()  8  iDch  thick  be  filled  with  melted 
pUtinuin,  the  exterior  HCarcely  risos  be- 
yond  auo"  h\      {MiU^"»  Elimcnts  q/  ChtmUtrtf,  3rd  od,  pU  ii.  p.  826.) 

oa£T-IOBIC    Aei]».     Syn.  with  PxnioDic  Acm. 

0S¥XZSA7Z01V,  A  term  applied  by  Schonbein  (Pogg.  Ann.  txzx.  620)totllo 
oxiduring  action  of  nitrous  ucid^  uitrie  acid.  &ic.,  at  oidiuar^'tempc^ratureii^  He  stippotM 
that  part  of  the  oxygen  in  thi-ffe  Inidit-i  is  in  a  peculiar  active  state  (combined  OMUM 
in  fact),  and  fttll^  it  "oxyliAtsd-ox^gi^n/* 

0XTX>zmAJKXO  ACtO*     Syn.  with  FtrnPintnr. 

OZTMEXHTX.-CA.ltaovzc   £LCTD*    A  name  npplied  by  Eolbe  (Ann.  Cb. 

rkvrm,  cxxTii.  169)  to  giy*.ijUic  acid,  npartltd  tis  HO,  <^\^gi\  [<?■<?*](?. 

OXTl«STBTXK-TRXBTBTX*PBOfiFBO]rXVM.     (See  FnosPBOBua-Basv.) 

OXTIHOK^BliffB.  AccordtngtoSahuteenberger(Ann.  Ch.  Pharm.  cvii.  346), 
morpbiuo  (C'Ui'"^NO*)  treatt^d  with  mtrous  acid  yi**ld»  three  basic  products  to  which 
h*.  asHijrnft  the  f^.riuuLe,  C:''11'"N0»;  C»'H-'NO\H-0;  and  C^'H*'NO*. 

OXTWA^BXBAXiZO  ACZH.  C'*H*C>*.— Tbi»»  i.'onipinnd  haw  not  been  actnaUj 
obtnine<l,  but  two  chlorinatt^d  acids  are  known  whit*h  may  be  regarded  as  deriTativca 
of  it,  namely,  chlof oxy napht  halic  acid  C'*H*C10',  and  percbloroxynapb' 
t  b  a  I  i  c  a  t*  i  d  C**'HCI*0*.  These  acitls  are  pruduood  by  the  action  of  potash  on  the  cor* 
re«ponditig  chlorides  (tiVf.  t;^.).  Aiizarin  has  the  composition  of  oxynaphthabc  ucid. 
but  it  is  not  pr<)ducea  by  the  action  of  sodium-amalgam  or  of  the  electric  current  on 
chloroiynapbthalic  acid. 

Chtorox^naphthalic  actd,  C'*H*C10',  ab}0  called  chloronapfi thme  and  cA/«mv- 
naphthuiic  acid,  has  been  already  described  under  the  last  name  (p.  14). 

Ptrchloroxynaphthalic  aeid,  C"HCi*0*.  Chloride  of  perchluroxynaphtbyl 
treattd  with  potash  is  immediately  converted  into  a  crimson  ttulrtJtanwj  from  which 
acids  separate  yellow  perdilontxynapbthalic  acid.  It  may  bti  cTvtitaUist.'d  from  ether, 
converted  into  a  potas«iiim-i>alt>  rt precipitated  by  an  acid,  and  further  purified  by  crys- 
tallisation frum  ab*ohol  or  «ther.  In  cttntae-t  with  |H>taHli  or  animoiua  it  forms  fed  or 
crimson  salts,  which  are  insuluUk*  in  cold  water,  but  appear  to  !«>  t^lighlly  eotuljK-  in 
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boiling  wattT.     Tbe;^  tuny  be  obtained  in  the  crjaUdline  form  bj  neatraliBiiig  a  boiliiig 
alcoholic  ^olutiuu  of  the  acid  with  tin  aJkiJi.     (LaartiDt,  Rev*  Scient.  ^ciiL  696%) 

OXinViLFBTBT^   CBI^O&XIIS  OF.     The  ehloride  cotTefiponding   lo 
naphthaiic  acid  has  not  been  obtained,  but  two  chlorinAted  deriTatives  of  it^  heisig  1 
chlorides  corresponding  to  the  chloroiynaphtbalic  addM  jiiet  describ€d,  were  diacoT 
hj  Laurent  (Ann.  Ch.  Phya  [2]  Ixwv.  35  ;  Rev.  Scient  xiii,  691).   They  are  for 
by  the  actioa  of  nitric  acid  on  certain  chlorinati^d  derivatlTefl  of  naphthalene. 

Chloride  of  ChUrexynaphthi^K  O^WCX^CH*  *-  C'*H*CIO».CL  OxicMonnutpk^ 
iaiosf,  Oxyde  de  cMm-oxh^aphtoae.^-Te{THiii\AoTide  of  chloronaphthalene  is  slowfy  at>  j 
tacked  by  boiliiig  nittic  acid^  becoming  yellow  and  continually  mora  foBible.  If  the  actiaQ;l 
be  stopped  aa  soon  as  the  yellow  substauce  remaiua  on  oooling  in  the  form  of  a  refj  thjdtl 
oil,  a  soiutioD  of  phlbalic  acid  is  obtained,  together  with  a  viscid  yellow  oil  in  whidh  m\ 
yellow  piilTeroleat  deposit  fonna  after  a  while.  The  ieparadon  of  this  fiubstance  nuiT'l 
beaocolerat^  by  potinng  etbcr  on  the  oil,  and  if  the  etherenl  solutioii  be  decanted  alter  J 
ft  day  or  two,  th(^  depoi^it  washed  on  a  filter  with  ether,  and  then  dissolred  in  a  hu^gff  1 
qiiiantity  of  boiling  iilrohol,  the  eolutioD  deposits  on  cooling  needleHBhaped  Ciystala  o^  j 
chloride  of  chlor'jx^naphthyl.  : 

This  compound  m  yellow,  insoluble  in  wat^jr,  very  ^li^rhtly  soluble  in  ah:ohol  and 
ether,  whence  it  is  depoeited  in  ueedles.     It  distils  without  alteration;  ia  diwolved  j 
with  mfdiopany  colour  by  strong  aulphmic  acid ;  and  va  converted  by  nitrie  add  into 
phthalie  acid.     An  alcoholic  solution  of  potofih  colours  it  crimson,  and  deoompoMMi  it 
into  chloride  and  cliloroxynaphthulate  of  potassium. 

Chloridti  of  Perchtoroxynaphth^L  C'«C1*0»  ==  C"a*0*,CL  Oxydt  d€ 
tMoroxhiaphtalis^, — Pcxiduced  by  the  action  of  boiling  nitric  acid  on  hcjcchloronaph- 
thalene.  The  action  is  very  slow,  requiring  three  or  four  .lays  boiling  to  complete  it ; 
but  ultimately  d  resinous  substance  \b  obtained;  whicli,  when  freed  fh>m  a  little 
oily  matter  by  ether,  and  purified  by  one  or  two  cryslalliiiMitionB  from  boiling  petroleutn, 
has  the  oomposition  of  chlonde  of  perchloroxynaphthTl. 

This  Bubstiinrrj  when  pure  forms  highly  lustrous  golden-yellow  Bcalos.  It  ia  insolnble 
in  vrafrr  and  alcohol,  slightly  soluble  in  boiling  rthfr.  It  melts  at  a  somewhat  high  tem- 
peruturo  and  voliitiliaes  in  greiit  part  without  alteration.  By  boiling  nitric  acid,  it  m 
probably  converted  into  trichlorophthalic  acid.  Botash  and  ammonia  convert  it  into 
chloride  and  perchloroxynaphthalate. 

oaCTVAVHTar^AAlZira.      C*''H*NO.      Oxynaphthylidine,      KapkiAameiiu. 

( P  i  r  i  H,  A  n  II .  Ch.  Pha  rai ,  Ixx vi i  i.  4 1 . — If.  S  c  h  i  f  f/  iliid.  ci,  90. ) — A  base  produced 
by  the  action  of  \itrii)UH  oxidising  agents,  such  aa  ferric*  auric^  mercuric,  atannic^ 
or  zinc  chloride,  silver- nitrate,  or  chromic  acid  on  naphtbylamine.  The  violet  oolottr 
acquired  by  naphthylamiue  and  its  Bult«,  as  well  us  by  the  tliionapfathamates.  on 
exposure  to  the  air,  is  probably  due  to  the  formation  of  this  hase*  According  to 
G 11  nil  hi  (Ann.  Ch.  Pharm.  xeix.  240),  it  is  likcwisfi  formed,  with  evolution  of  nitrogen^ 
by  the  first  iiction  of  nitnjtis  acid  on  naphthylrirainc  stisiiended  in  water. 

To  prepare  it>  hydrochlomte  of  unphthyliimine  ia  disftulved  in  alcohol,  the  aoliition 
diluted  with  water,  but  not  suffident  to  cause  turbidity*  iind  while  the  whole  is  con- 
tinuously **tirrf^,  aqiieoiift  ferric  chloride  is  added,  drop  by  dn^p,  until  a  slight  ejccese 
i»  prrtent.  The  whole  in  allowed  to  «tand  for  an  hour  with  r<  peated  stirring,  and  the 
piw;ipitate  jk  then  collected,  and  washed,  first  with  water  Till  the  wash- waters  ce^ise  to 
become  turbid  with  nitrate  of  silver,  afterwards  with  alcolioi  and  then  dried  in  vacuo 
(Piria),  Schiff  adopts  the  same  method,  or  he  precipitates  sulphate  or  acetate  of 
iiaphihykunine  with  aqueous  chromic  acid. 

Oxynaphtliykmiue  is  a  light,  amorphous,  dark  purple  powder  closely  resembling 
orv^ein.  Wheu  moist,  it  has  a  peculiar  odour,  resembling  that  of  iodine,  especially  if 
heated.  It  is  insoluble  in  U'ct/rr,  also  in  ammonia  MiS  caustic  potash.  It  dissolves 
sparingly  in  akohol^  imparting  its  colour  to  the  liquid;  abundantly,  with  ptirple 
ci>lour,  in  fthtr^  and  is  precipitatefl  from  the  K)lution  by  spontuneoua  evapona- 
tioa  as  an  amorphous  powder.  It  disaolvcjj  in  aAd  stdphuric  acid,  forming  a  bine 
I  liquid  of  the  colour  of  tudigo-solution,  and  ia  precipitated  by  water  nnchaoged.  It 
dissolves  in  concentrated  act  tie  acid  with  violet  colour  j  the  solution  is  not  precipitated 
by  watLiror  by  tartaric  acid,  but  oryQaphthylamine  is  precipitated  thercftim  by  moat 
acids,  alkalis,  and  metallic  cldorides.     (Piria.) 

It  does  not  combine  with  acids  or  with  bases. 

It  melts  when  htuted,  and  immediately  decomposes,  evolving  an  aromatic  raponr 
smelLingof  naphthylamine ;  and  finally  leaves  a  residue  of  difficultly  combustible  char- 
coal, which  however  may  be  completely  buriiwL  When  tuoist^  or  immersed  in  water,  it 
rapidly  becomes  violet;  hence  it  is  difficult  to  obtain  the  dry  product  of  a  pure  blua 
colour. 

The  name  ojrynaphtk^lamine  is  also  a^'pHed  by  Dusart  to  a  weak  base,  probably 
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raoDUining  C^*Il*'NQ',  prodnodl  tij  th«  Klioii  of  fcdocing  sgpott  on  mtroxynaplaUiAlic 

lM»d(p.  118). 

»  H        } 

B»      > 

Sim  pa  on,  Pnx*.  Roy.  Soc.  xiiL  44; — BolL  Soc.  Chjm-  ilu  888,) — ^Thia  icid,  homo- 
logOQ«  with  m»Iic  acid  (C*H*0*>,  and  rekt^Kl  to  paratartaric  aad  in  the  Banie  mannt^r 
as  malic  to  suocdnic  acid^  b  produced  together  witJi  ammooia  by  the  a4!tio]i  of  potneh 

on  gljrceio^hydrie  ozjdicyanide  or  dicyanhjdriu  ^      {  q^  « the  cjanic  fttiftlogne  of 

dioblorhydrin : 

C»H*O0y*     +     2KH0     +     2H«0      «      C*H»K»0*     >     2Nfl». 

iVv^ptfmlibn. — A  mixttirv  of  1  at  dichlorhydrin  and  2  at.  pun  potaMiam-mnida 
with  a  cortaiD  quantity  of  alcohol  h  hMitod  to  UH)^  in  well  cloaid  ae£etx-watcr  bottlwi 
for  twcoty-foar  houia,  by  which  time  the  whole  of  the  cynnide  of  potaoiiiun  la  conTerted 
into  chlonde.  The  contemn ta  of  the  botJtIea  nte  theo  filtered ;  the  aoIatioQ  containing  di- 
cvnnhydnn  ia  heated  with  aticka  of  pcrtaafa  aa  long  aa  ammonia  coDtinuea  to  escape ;  and 
tlie  residue,  after  b«iiig  tntd  fram  alcohol  by  diedUalioo,  ia  ti^eated  with  ttitrie  add,  the 
vxc'tMia  of  which  is  then  alao  eraporatad  <M.  On  tzeftLing  the  reaidiae  CQnsiatlDg  of 
po(jiiisiiLni-nit»ttt  and  oxypanttartaric  acitl  with  alcobcJ,  eraporatiiig  the  filtrate,  fedJa^ 
eolvioj^r  the  strongly  coloured  reeidne  in  hot  water  and  trrating  it  with  ehlorinef  then 
ovtitralisiog  the  whole,  cautiously  precipi tilting  a  third  of  the  acid  with  ailvcr-nitrmte, 
thm  filterinR,  and  precipitating  the  tUtrate  completely  with  ailTer-mtrate,  a  perfectly 
culnurleaa  ailTer-aalt  ia  obtained,  which,  when  deoompoaed  by  sulphydnc  add,  yielda 
oxypanitartiuic  acid  as  a  Golourleas  csrataUiae  maaa. 

Oxypata tartaric  add  haa  a  pure  acid  taate,  aad  diaaolrea  in  wuter,  alcohol  and  etbef . 
It  meltfl  at  about  135*^,  and  rlecompoaea  at  a  higher  temperature.  The  tree  acid  yielda 
a  ci^piouB  white  precipitate  with  at^tate  of  lead,  but  is  not  precipitati>d  by  limo-water. 
When  oeutnUaed  by  an  alkali,  it  gives  a  white  preclpitttte  with  mercuric  diloride,  pwle 
bmwn  with  feriie  chloride^  bluitih- white  with  cupric  aalta,  and  a  doud  with  diioiide 
cKf  bariiuni 

OxyparatartAric  acid  ia  dibaeic^  the  formula  of  its  «/«^ja/^  being  C*H*Ag*0»*  The 
Hh^ic  ether,  C*H*(  C*»H*)^0*,  distils  bet  wo*-a  2»5<=>  and  300^,  with  partial  decompoettion. 

The  reaction  by  which  tbia  add  ia  obtained  would^  if  applied  to  each  of  the  cyanides 
derivable  from  diatomic  and  triatomic  aloohoU,  yield  for  each  diatomic  alcohol  two, 
and  for  each  tziatomic  alcohol  three  adda  of  different  degreea  of  basidty,  thua : 

Liatmnic  Alcohol  (gigeol), 

Gl>i!o)ic  CWorhydrio  CTPOCl         G'H*OCy        C*HH)»  lactic  {monobadc). 

DicMoride  of  Ethylene        cm*Cl^  e=H*Cy*         C^H-O*  aucdnie  Cdibaaic). 

Triatamic  Atcohd  (ffi^^cerin). 
Ctunide.  Add^ 

Chlorhrdrin  .        C^H'Ci^Cl        C='irO*Cy        C»BH)*  (monobasic). 

Birhlorhydrin  .  C^H*OCF  CH'OCV  C*H«0*  oxypantartade  (dibasic). 
Trii-hlorliydrin       .         C^H*Cl«  C?»H*Cy*  C*H»0*  (tribasio)* 

OSCTFBSirXC  ACZS*  CH'O'.  Ppwaiechin.  P^r&fmmnt^innk add.  (Keinsch, 
Rtpni.  liviii.  6i.— Wackenroder,  Ann,  Ch.  Pb^mi.  xxxrii.  327,— Zwenget,  ibid. 
xxxTii.  327.— R.  Wagner,  J.  pr.  Chem.  liL  450;  Iw  65.— E i s s f i^  1  d t,  ibid,  xdl  101. 
— Bnchner,  ihid.  xcvi.  186.) — A  substance  metumfric  with  hydroquinone  (iii.  218), 
produced  by  the  dry  distillation  of  eatichtn,  morin tannic  acid,  und  probably  also  of 
peaoedanin  and  of  Mno;  also  of  wood,  whence  it  is  found  in  wood-Tinegar.  It 
Soea  not  occur  in  coal-tar.  According  to  Eisufeldt  and  Uloth  (Ann.  Ch.  Pharm. 
cxi.  215),  all  those  kinds  of  tauuin  which  turn  ferric  salts  grec^n, — t.  y.  the  tannin  of 
Krameria  triandra,  Tcrrmrtttdlu  etrvUt,  Po/^omtm  Bhtftrta,  VweiniumMyrtWui,  Pyrtda 
umheUata,  CuUima  vulgaris.  Ledum  paimtrr,  &c,,  yield  oxyphenic  add  by  dry  diatilla* 
tion,  whf^reas  those  kinds  which  turn  ferric  salts  blue  (e.  .y  that  at  Arbutus  Um  Urti^ 
and  of  Rhododtndritn  ferrvpinnnn)  do  not  yield  it.  It  is  also  produced,  together  with 
curbamc  anhydride,  by  hpating  ox}  Btilieylic  acid  to  210«>— 212°:  (7H*U*  ^  CO* 
-f  C*H*0',  a  Cfftnifj  quantity  of  the  mptiimpric  bcwly  hydroqninone  being  always 
forminl  at  th<'  mm^  lime.  lodophenylic  acid  treated  with  potash-ley  also  yield*  oxy- 
phenic acid,     (Lautemann,  Ann.  Cn.  Pharm.  cxx,  299.) 

Prvparntion. — 1.  Catechin  or  cateclin  is  introduced  into  a  wipadous  retort  and 
qtiickly  heiited  abore  its  melting  point  till  it  chars;  the  distiliate  which  cwllt-cts 
in  the  cooled  roceircr  is  evaporalctl  at  30^  till  eiystuls  form  on  the  surface,  the  t'Ujpy- 
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reumatic  oils  wluch  become  resinised  during  the  evaporation  beipg  separatfed  by  filtra- 
tion; the  black-brown  crystalline  mass  which  forms  on  cooling  is  rablimea  (after 
pressure  between  paper,  according  to  WagnerV  a  large  quantity  of  liquid  then  paanng 
over  at  first,  whicli  also  yields  oxyphenic  acid  by  evaporation ;  and  the  sublimatioo  of 
the  crystals  is  repeated  three  or  four  times,  till  they  no  longer  become  oolonred  on 
exposure  to  the  air  (Zwenger). — 2.  Crude  morintannic  add  mixed  with  an  equal 
quantity  of  sand  is  heated  in  a  retort  over  a  moderate  fire;  and  the  distillate,  which 
solidifies  on  cooling,  is  freed  from  oil  containing  phenol  by  pressure  between  papec; 
and  purified  by  sublimation  and  recrystallisation  from  water  (Wagner). — S.  Mal- 
abar kino  or  butea-kino  yields  by  dry  distillation  a  clear  watery  liquid  smellioff  of 
•  creosote,  and  leaving,  after  separation  from  empyreumatic  oil,  ana  evaporation,  abla^ 
crystalline  mass,  which  when  sublimed,  yields  oxyphenic  acid  in  thin  oolourleea  laminsB, 
and  sometimes  in  rhombic  prisms.  From  malabar  kino  (but  not  from  butea-kino), 
a  small  quantity  of  oxyphenic  acid  may  also  be  obtained  by  extraction  with  ether 
and  evaporation, — or  by  precipitating  the  aqueous  extract  with  acetate  of  lead,  decom- 
posing the  lead  precipitate  with  sulphuretted  hydrogen,  evaporating,  and  digeetinig  the 
residue  in  ether  (Eissfeldt). — 4.  Crude  wood-vinegar  evaporated  to  a  syrop  ia 
shaken  up  with  a  saturated  solution  of  common  salt ;  the  liqmd  separated  firam  the 
tany  matter  is  agitated  with  ether ;  the  ethereal  liquid  separated  from  the  saline  solntion 
and  the  ether  distilled  off;  and  the  residue  (containing  oxyphenic  acid,  acetic  acid  and 
tar-oil)  distilled  in  a  stream  of  carbonic  anhydride,  whereupon  acetic  acid  passes  oyer  first, 
then  oxyphenic  acid  and  tar-oil,  then  a  brown  viscid  oil.  The  middle  portion  of  the 
distillate,  which  must  be  collected  apart,  solidifies  on  cooling  in  a  reddish-yellow  czys- 
talline  pulp,  which,  wlien  pressed  between  bibulous  paper  and  sublimed  in  a  stream  of 
carbonic  anhydride,  yields  colourless  oxyphenic  acid.  Or  better :  The  wood-rinegar  is 
shaken  up  with  ethor  without  previous  evaporation  ;  the  residue  obtained  from  ths 
ethereal  fiquid  by  distilling  off  the  ether  is  shaken  up  with  a  saturated  solution  of  com- 
mon salt;  the  saline  solution,  after  separatiun  from  the  oil,  again  shaken  up  with  ether; 
the  ether  distilled  off;  and  the  residue  also  subjected  to  distillation :  a  liquid  is  then  ob- 
tained, which,  on  cooling,  yields  tolerably  pure  crystabi  of  oxyphenic  acid.   (Buchner.) 

Properties. — Oxyphenic  acid  forms  broad,  white,  strongly  shining  laminse  resembling 
benzoic  add,  and  rhombic  prisms  (Zwenger).  Small  shining  rectangular  nrisms 
belonging  to  the  trimetric  system  ;  bevelled  with  two  faces  resting  on  the  acnte  lateral 
edges  at  an  angle  of  116°  (Wagner  and  NeumannV  It  melts  at  116^,  and 
sublimes  even  at  a  lower  temperature  (Zwenger);  melts,  after  dryings  between 
110°  and  115°,  and  volatilises  gradually  at  130^  (between  60°  and  60°  according  to 
Wagner);  melts  at  111°  or  112°;  when  perfectly  dry,  and  volatilises  even  at  ordinary 
temperatures  (Eissfeldt^;  melts  at  111°  and  volatilises  at  the  melting  point, 
subliming  in  shining  laminsB  (Buchner).  Boils  between  240°  and  245°  (between 
240°  and  250°,  according  to  Wagner),  and  yields  colourless  vapours  which  condense 
into  a  quickly  crystallising  oil  (Wagner).  The  vapours  have  a  pungent  odour  and 
excite  coughing.  It  has  a  bitter  taste  and  scarcely  reddens  litmus.  Mixed  with  hydro- 
chloric acid,  it  colours  fir-wood  viulot,  the  colouring  being  stronger  as  the  ozjpnenic 
add  is  more  free  from  phenol.     (Wagner.) 

Oxyphenic  acid  diKsolves  readily  in  water  ;  also  in  oil  of  vitriol  and  hydrochloric  add, 
very  readily  in  alcohol,  and  very  readily  according  to  Zwenger,  but  with  difficulty 
according  to  Buchner,  in  ether. 

It  quickly  absorbs  ammoniacal  gas^  and  gives  it  off  again  in  vacuo  or  at  100°. 
(Zwenger.) 

Its  aqueous  solution  forms,  with  neutral  acetate  of  lead,  a  thick  white  precipitate^ 
C*n*Pb"0*,  which  is  permanent  in  the  air,  nearly  insoluble  in  water,  but  diasoives 
very  readily  in  acetic  acid.  When  dried  in  the  cold,  it  appears  greenish-white^  but 
brownish  when  dried  at  100°. 

The  aqueous  solution  of  pyrocatechin  does  not  colour /frrot«  salts;  it  colours ,^rrie 
salts  dark  green  and  then  forms  a  black  precipitate ;  the  dark  green  colour  is  changed 
by  alkalis,  even  in  very  dilute  solutions,  to  a  beautiful  violet-r^  like  that  of  pennan- 
ganate  of  potassium,  and  the  green  colour  is  restored  by  adds. 

It  does  not  precipitate  gelatin,  or  the  salts  of  quinine. 

Decompositions. — 1.  Oxyphenic  acid  turns  yellow  when  heated,  and  becomes  somewhat 
richer  in  carbon.  It  also  leaves  a  slight  black  residue  when  sublimed.  This  it»sidue 
boiled  with  water,  leaves  an  empyreumatic  resin,  and  yields  a  brown  decoction ;  on 
evaporating  this  liquid,  a  black  film  forms  on  the  surface  and  a  brown-black  residue  is 
left. — 2.  It  burns  with  a  bright  fiame. — 3.  Its  aqueous  solution  turns  reddish  in  con- 
flict with  the  air,  and  may  be  evaporated  without  decomposition. — 4.  It  is  rapidly 
decomposed  by  chlorate  of  potassium  and  hydrochloric  avid,  yielding  perchloroquinone. 
— 5.  Nitric  acid  acts  upon  it  with  violence,  evolving  red  vapours.  The  products  of  this 
reaction  arc  oxalic  acid  and  traces  of  a  yellow  nitro-add,  probably  oxyphenic  add. — 6. 
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With  aqacoui  ckhrids  of  lima  or  acid  chramaU  of  poimnum^  it  forms  a  blftck  liquid 
and  a  black  pfMipiUite. — 7.  Wttb  aqaoou«  caustw  aJi'ti/ijt  or  alkaUne  cartxynat^s  it 
fomu  a  mixture  which  is  yeUow  »t  fir«it,  then  becoraea  greonish-ydlow,  and  lastly 
black.  The  aqueous  iolution  of  oxjphi«iiic  acid  produces  a  givenibh  precipitAt«  with 
mlvtr  «t4utiim,  the  dU^^r  b^ing  partly  reduced,  mid  a  daik  bromi  precipitate  with  «o\- 
ittioD  of  gold.  To  piattnie  cbloride  it  ^jradnaUy  imptuts  »  groen  colour  and  then  fornix 
•  green inh^browu  prtNnpitate,  According  to  Wagnerf  it  eaaiiy  redujees  ailttcr  niirate^ 
auric  chloride  hnaplatmic  chloride  ;  and  at  a  boiling  heat,  caprie  mdphatc  or  acetate 
mixed  with  potoah;  it  abo  impart*  a  brown  colour  to  cupric  acetate,  and  tben 
Ibnna  a  black-bnjwn  precipitate.     It  ia  not  alterc*d  by  aulpburous  acid.     (Wagner,) 

Atttoxyphenic  acid^  C*li*(C'H'0)*0',  ia  produced  by  the  action  of  chloride  of 
mettjl  on  oxypbonie  acid.  It  is  ea^ly  fuiiible,  iuMtlnbli^  in  water,  but  etoluble  in 
mlcoKol,  whence  it  crystalli  sea  in  needJas.  1 1  dc«s  not  even  colour  iron^iialta.  ^NachbaQr^ 
Ann.  Ch.  Pharm.  cvii,  243.) 

BenMnxyphenic  acid,  0*H*(CB*0)»0*,  is  obtained  in  like  manner  as  a  Tiadd 
mass  which  solidifies  in  the  erystallino  state  after  a  few  days.  It  is  insoluble  in  water^ 
ABoily  soluble  in  alkalis  and  in  alcohol,  and  cryatalljjtti  &om  the  latter  in  funnot*shaped 
BiiiBses  of  rhombic  crjstali^,     Tho  solnbon  colonrs  iroQ'Salts  green.     (Nachbaur.) 

OKTYSKlTTX^-Bin^aTrmzC  ACD*  C*H»SO*.— Thi*  BCJd  is  formed,  with 
•▼olntloa  of  nitrogvn,  wh«>n  the  aqutous  solution  of  diaaopbenyl-sulphuric  acid, 
C^«iraO",  is  heHf.Hl  above  60**,  Ita  silrer-sjiU,  C'H»AgpOV  ttystallist-a  in  smatl 
neftdlea.     (  R  S c  h  nn  1 1,  Ann,  Ch.  Pharm.  exit,  118.) 

OXTPSirCSOAimf .     See  PaucMOJUrtJfi 

OXT?SO]lPBTttXC  Acxz>.  A  nitro-Bcid  produced  by  the  action  of  nitric  acid 
on  f'lutauthutut  (ii,  610), 

OZTYZOSXC  AOm.  C"H»N»0»  «  C^W(^0')H>*.Styphnic  acid  (from 
pTv^r&t,  hMi  rin^t^nt).  Artificial  bitter  or  artificial  tannin  of  BrtLtU  wood-extract, — This 
acidj  whieh  differs  from  picric  or  trinitrophenic  acid  by  1  at.  oxygim,  is  prodficed  by 
the  prolonged  action  of  nitric  acid  at  tlio  boiling  heat  on  extract  of  Braxil  wood, 
euxantliono.  gum-ummoninm,  aaafcetida,  galbannm,  safpipentun,  or  the  aqne^sus  extract 
of  fustic  or  sandal- wood.  It  Wiia  Bret  obtained  in  an  impure  st.ite  by  Cberreul  in 
1&68  (Ann.  Ch,  Ixri,  116 ;  Ixxiii.  43),  afterwards  in  the  pure  stute  and  moro  exactly 
invesiigated  by  Erdmann  in  1846  (J.  pr.  Chem,  xxirii,  40^;  xxxriii.  366),  and  a 
§tm  imki  later  by  Bottger  and  Will  (Ann.  Ch.  Pharm.  Jriii.  273). 

Prwpairaii&n,—l,  From  Atafattida.  1  pt,  of  aaafa:*tida  in  lumps  of  the  pize  of  a 
walnut  is  heated  to  a  temperature  betwepn  70*=  and  7 6*^  in  a  wide  porcelain  basin,  with 
4  to  8  pts.  nitric  arid  of  specific  gravity  12,  free  from  sulphuric  and  hydrochloric 
acid  ;  and»  aft^^r  the  r^sin  has  become  soft  and  dirided,  and  a  thick  froth  bss  risen, — 
which  must  be  prevented  from  running  over  by  stirring — the  mass,  which  is  then 
lemon-coloared  and  viscid,  is  kept,  together  with  the  surrounding  nitric  acid  liquid,  at 
the  boiling  heat,  with  frequent  addition  of  fresh  add,  till  (in  6  or  6  hours)  it  is  com- 
pletely dissolved ;  after  which  the  dark  red-bnjwn  solution  isevaporatnd  nearly  to  a  syrtip 
and  mixed  with  a  small  quantity  of  water.  If  it  then  gives  a  greasy  resinous  precipitAt<v 
it  must  be  boiled  for  a  longer  time  vnth  nitric  acid ;  but  if  it  gives  a  yellowish  sandy 
precipitate,  it  must  be  carefully  evaporated  to  a  thick  syrop  to  drive  off  l!ie  greater 
part  of  the  nitric  acid ;  then  heated  to  the  boiling  point  with  a  tolerable  large  quantity 
of  water ;  mixed  with  carbonate  of  potassium  as  long  as  effervescence  eninea,  but  no 
longer  (so  as  not  to  rrdissolve  any  un decomposed  portion  of  the  resin  which  risea  to 
the  surface  when  the  liquid  is  nf  utralised) ;  stmned  through  grey  paper ;  evaporated ; 
and  left  to  crystallise.  The  mother-liquor  repeatedly  evaporated  and  cooled  yields  an 
additional  quantity  of  crystals  of  impure  oxypicrute  of  potassium^  till  at  last  nitrate  of 
potassium  (nut  no  oxalate)  separates  out.  The  nf'edle-shsped  ciystals,  united  in  red- 
brown  crusts  and  nodules,  are  freed  from  the  mother-liquor  by  draining  on  bibulous 
paper,  twice  recrystalli&ed  from  water,  with  a^ldition  of  uiiimal  charcoal,  and 
QJitolved  in  the  smallest  possible  quantity  of  boiling  water;  nitric  acid  is  then  added ^ 
and  the  oxyplcric  acid^  which  separates  after  complete  c<xjling  as  a  yellowish- white 
powder,  or  in  fern-like  laminaB,  is  collected  on  a  filter,  washed  (several  times  with 
cold  water,  and  after  thorough  drying,  recn-vtal1i>ed  from  boiling  absolute  alcohol, 
Thia  PfOCesB  yields  3  per  cent,  of  oxypicric  aeid.     (Buttger  and  Will) 

3.  rVvnt  cotMntroiai  txtracl  of  Brazil  u-oad, — The  mode  of  pivparation  is  similar  to 
tibe  ppocading. 

3.  From  Euxanthone  or  Euxanthic  fl<7u/.^Thefle  substAnces  are  \yo\\v^  for  sometime 
with  nitric  acid  of  snociflc  gravity  1*31  ;  the  solution  evaporated  over  the  water-bath, 
below  100°  towaxds  the  end ;  the  sparingly  soluble  oxypicric  acid  separated  from  theoxalic 
acid  by  repeated  crystallisation,  and  dissolved  in  dilute  carbonate  of  ammonium  ;  this 
aolntion  saturated  while  warm  with  carbonate  of  ammonium,  whereby  the  ozypicrate 
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of  ammoxiiam,  which  ib  insoluble  in  aqaeous  carbonate  of  ammonia,  is  made  to 
erystallise  in  yellow  fonr-sided  prisms ;  these  crystals,  if  too  dark-coloured,  are  pnrifted 
by  animal  charcoal ;  and  the  oxypicric  acid  is  separated  from  them  by  hydrochloric 
acid. 

4.  From  Peueedanin. — The  oxypicric  acid  obtained  by  treating  pencedanin  with  warm 
nitric  acid,  is  mixed  with  potash  to  free  it  from  the  oxalic  acid  which  is  abundantly 
mixed  with  it ;  the  oxypicrate  of  potassium  which  ciTstallises  out  is  washed  with  cold 
water ;  its  solution  in  hot  water  is  precipitated  by  a  lead-salt ;  and  the  add  separated 
from  the  precipitate.     (Rot he,  J.  pr.  Chem.  xIti.  376.) 

Properties. — Oxypicric  acid  crystallises  in  pale  yellow,  regular,  six-sided  prisms 
resembling  pyromorphite ;  they  grate  between  the  teeth,  melt  when  carefully  heated, 
and  solidSy  in  the  radiated  form  on  cooling.  It  has  a  slightly  rough  taste,  neither 
bitter  nor  sour,  but  reddens  litmus  strongly,  and  when  dissolyed  in  alcohol, 
colours  the  skin  permanently  yellow.  It  dissolves,  with  yellow  colour,  in  104  pts.  of 
water  at  26°  (Erdmann);  in  88  pta.  at  62*  (Bottger  and  Will).  It  is  easily 
soluble  in  alcohol  and  in  ether  ;  more  easily  in  strong  acetic  acid  than  in  water.  It 
dissolves  abundantly  in  strong  nitric  acid  ;  less  freely  in  strong  hydrochloric  acid,  and 
is  partially  precipitated  from  both  acids  by  water  in  the  form  of  powder.  It  gives  a 
eopious  precipitate  with  gelatin. 

Decompositions. — I.  Oxypicric  acid  heated  somewhat  above  its  melting  point  gives  off 
inflammable  vapours.  When  suddenly  heated,  it  deflagrates  like  gunpowder,  with  a 
bright  yellow  flame,  mostly  bordered  with  orange-yellow,  and  leaves  a  residue  of 
chitfcoaL  When  gradually  heated,  it  gives  off  nitrous  gas,  nitrogen,  carbonic 
anhydride,  inflammable  gas  and  water,  and  leaves  veir  finely-divided  charcoal ;  on 
red-hot  iron  it  deflagrates  with  flame. — 2.  It  is  completely  destroyed  by  boiling  nitro- 
hydrochloric  acid,  with  formation  of  oxalic  acid,  whereas  boiling  concentrated  nitric  or 
hydrochloric  acid  alone  has  no  action  upon  it. — 3.  It  is  decomposed  by  boiling  oU  of 
ffitrid.  It  is  not  decomposed  by  boiling  with  excess  of  concentrated  potash ;  and 
when  digested  with  lime  and  ferrous  sulphate,  does  not  form  a  red  liquid,  as  picric  add 
does,  but  a  colourless  liquid. — 4.  It  is  not  altered  by  sulphydric  add,  but  the  light 
yellow  mixture  of  the  acid  dissolved  in  alcohol  with  sulphide  of  ammonium,  im- 
mediately acquires  a  dark  brown-red  colour  when  heated,  and  leaves  on  evaporation  a 
black  mass,  containing,  besides  sulphur  and  a  small  quantity  of  black  powder,  an 
ammonium-salt  which  may  be  dissolved  out  by  water  and  whose  add  resembles  picric 
acid  and  oxypicric  add. — 5.  The  hot  aqueous  acid  dissolves  ferrous  sulphide  with  less 
evolution  of  sulphydric  add  than  might  be  expected.  With  zinc  or  iron,  it  likewise 
gives  off  a  less  than  proportionate  quantity  of  hydrogen,  formins  greenish-brown  solu- 
tions. It  doos  not  act  on  cadmium,  lead,  copper  or  silver,  its  powder  strewn  on 
potassium  (not  on  sodinm)  takes  fire  when  slightly  pressed  with  a  pestle. 

OxTPiCRATBS. — Oxypicric  add  easily  decomposes  carbonates.  It  is  dibasic,  forming 
neutral  and  add  salts.  Nearly  all  oxypicrates  detonate,  when  subjected  to  a  gradually 
increasing  heat  (not  by  percussion),  even  more  violently  than  the  picrates.  From  the 
aaneous  solutions  of  the  heavy  metallic  salts  of  this  add,  animal  charcoal  removes  the 
wnole  of  the  oxide,  especially  from  the  styphnates  of  manganese,  lead,  nickel  and  copper 
•alts.     (Bottger  and  Will,  Rothe.) 

Ammonium-salts,  a.  Neutral.  OH(NH*)«(N0«)«0«.— -The  aqueous  add  neu- 
tralised with  ammonia  and  then  saturated,  while  warm,  with  solid  carbonate  of 
ammonium,  which  diminishes  the  solubility  of  oxypicrate  of  ammonium  in  water,  yields 
large  orange-yellow  needles  which  detonate  slightly  when  heated  and  disrobra  in 
water  more  r^ily  than  the  add  salt  (Bottger  and  Will).  The  crystals  are  mono- 
elinie,  exhibiting  the  combination  ooP.  [ooPoo]  .  oopoo  .  [Poo],  —P.  +P.— P«o. 
Batio  of  principal  axis,  clinodiagonal  and  orthodiagonal » 1 :  1*6609  :  2*090.  Angle  of 
inclined  axes  «>  76*^52'.  Angle  ooP  :  ooP  in  the  cnnodiagonal  principal  section  ^  104^ 
82';  [Poo  ]  :  fP*  1  =  130°  2'.     Cleavage  imperfect  parallel  to  [  ooPoo  ].     (Schabus.) 

$.  Acid.  C«H»(NH*XNO«)»0*.— Obtained  by  neutralising  one-half  of  the  add  with 
carbonate  of  ammonium,  adding  the  other  half^  then  evaporating  and  cooling.  A  com- 
paratively dilute  solution  yields  Targe,  light-yellow,  flat  needles,  and  a  solution  mors  con- 
eentrated  by  evaporation  yields  capillary  interlaced  needles,  which  detonate  very  slightly. 

The  barium-salt,  C«HBa"(N0«)«0«.2H*0,  is  very  soluble,  and  crystallises  in 
orange-coloured  very  shortened  needles,  which  give  off  half  their  water  at  100°. 

The  cadmium-salt  is  deliquf^cent 

The  calcium-salt,2C*liCfi\SO'yO\7lVO?  is  also  very  soluble,  and  cryrtallises 
in  nodules  which  give  off  10*22  per  cent.  (2  at.)  water  at  100°. 

The  cohalt-salt  forms  light-brown  very  soluble  needles.  The  ammonio-^sohaltous 
salt  forms  brown-yellow  needles  ;  th*^  potassio-cohaltous  salt,  hard  brown  nodules. 

The  cupric  salt,  C«HCu''(N0«)*0».H*O,  is  obUined  in  light  yellow  needles  by 
leaving  a  solution  of  cupric  carbonate  in  oxypicric  add  to  evaporate.    The  atmrnonio' 
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citprie  $tdt  i«  obt^med  in  bpowii,  modt^ratt^ly  soluble  tHdinic  cryataK  ^y  diMolving 
CQpric  cailion&t^  in  a  natumted  tolotioii  of  oxjpicratc  of  ammomom.  The  potoAHO-' 
empne  9aU,  C'*H''K«0u"(N0^)^\4H^0 1  pn^niu^  in  like  maimar,  fomu  tofta  of  biowii 
tieedJM  which  d«tcmatc  with  gr«jit  riolf^ce  wn4.'n  heat«d* 

/ron-«a/f«.— The  filtxnle  obt&ined  by  predpitatiog  the  barinm^siilt  with /i*rrf)«L« 
auipkaU,  tlciwlj  yieldH  bUck-gnen  erpAm  which  dissolTe  readilj  luid  pass  to  a  higher 
«iUt«  of  oiddation.  The  ammoniimi-mlt  mixed  with  iron  alum  forma  jdlow  needles  of 
ferric  ojeypicrcte. 

Ltad*§alt. — Th«  nttUral  salt  hna  not  been  obtained.  A  aolntion  of  nentnil  lead 
■Mtato  mixed  with  oxypicric  actd  forms  a  light  yellow  floectdent  precipitate  eonsiittiiig  of 
m  kmie  tait,  e»H*Pb^NO")H)«.2Pb"0.3H«0.  It  \e  infloluble  m  water,  and  when  diy 
dfitoBatefl  by  mere  pressure. 

The  magnf9ium-9alt  is  rery  aokble  and  difficult  to  crjstAllifte. 

The  tftanaaneig-galt  is  obtained  by  predpiutingtbe  barium-salt  with  mang^ODa 
«ttlphat<»,  and  erapomting  in  light  yellow  rhombic  tablets,  which  when  heated  melt  in 
their  water  of  djitallisBtion  and  turn  red.  It  givca  off  22*98  per  cent  water  (10  &L) 
at  100°. 

Th^  nickei-tali  erystaUiaea  with  difficnltjr  in  light  yellow,  rery  soluble  needles. 
The  nickd-potoMium  §aU  forma  brown  crystalline  cnists. 

PQtattium'Saitt.—Tht  neutral  salt,  C^HK«(NO»yO',  forms  tliin*  truncated 
Oflsnge^ycUow  needles,  spAringly  soluble  in  water.  Potash  added  in  excels  to  the 
aqtieotis  acid  throws  down  this  salt  in  the  foim  of  a  cr^'tttalline  powder.  The  aM^ali, 
C''ir-K(XO')'0'.HHD,  obtained  by  ntnrating  half  of  a  given  qunntitj  of  oxypicric  neid 
with  carbonate  of  potassium,  and  then  adding  the  other  nal^  ciystallises  in  light  yellow 
capilliuy  needles,  whidh  give  off  their  water  of  crystallisation  at  100^. 

Siltrer-saUt  C"HAg\NO'  )H)'.  The  solution  of  carbonate  of  siher  in  the  aqueooa 
acid  at  60^,  or  the  mixtun  of  the  potassium-salt  with  a  moderately  strons  solution  of 
nitncte  of  silver  pnpaned  at  60^,  yial^  when  somewhat  quickly  cooled,  hght  yellow, 
flat  needles,  throe  inches  lonp,  or  by  slow  cooling,  lamini&  which  dissolTe  sparingly  in 
water,  and  from  whose  solution  the  ailrer  is  reduced  on  boiling,  with  decomposition  of 
the  acid. 

flo<it«f)i-«a//<.— The  nevtratiaK,  2C«HNa'(NO«)K)*.6HK>  {f\  oystnllises  in  small 
light  yellow  needles,  very  soluble  In  water,  and  giving  off  the  whole  of  their  erystalliaa'- 
tion- water  ut  100'^.     The  aeid'talt  has  not  been  obtained  in  the  crystalline  state. 

The  •trontium-aaiU  C»HSr''(N0")*0».2H»0,  is  much  more  soluble  than  the 
barium*salt,  but  crystallises  very  easily  from  a  moderately  conceutrated  solution  itt 
imrf  laige  noddles  composed  of  long  light  yellow  needles^  which  give  off  7  02  per  cent. 
water  at  100*». 

OX  I  ¥lMi  IT  ASVIC  ACZB,  C'*H**0»,— An  acid  said  by  Ka  wall  er  (Wien. 
Acad.  Bcr  xi.  351)  to  occur  al>out  Chrifltmaa  in  the  needlee  of  the  Scotch  fir  {Pinu* 
tylVfMtris),  To  extract  it,  the  eommiuuteil  needles  are  exhausted  with  boiling  alcohol 
of  40  per  cent ;  the  alcohol  is  distilled  off;  and  the  residue  is  mixed  with  water, 
which  throwTi  down  a  green  mass  of  resin^  while  the  5up*^matant  liquid  retains  in 
solution  pinipicrin  sugar,  oxypinitannic  acid,  pinitannic  acid  and  traces  of  citric  acid. 
This  liquid  may  be  rendered  fiitrable  by  addition  of  a  few  drops  of  neutral  load'acetate; 
and  on  mixing  the  filtrate  with  an  excess  of  that  reagent^  ozypinitannate  of  lead  is 
precipitatt'd.  This  precipitate  is  then  to  be  digested  with  dilute  acetic  add ;  the  filtmte 
precipitated  by  basic  Isaa-acctatc^,  which  throws  down  pure  oxypinitannato  of  lead ;  the 
washed  precipitate  decomposed  by  rulphydric  acid ;  and  the  filtrate  eTapozated  over  the 
water-bath, 

Oxypinitannic  acid  is  a  brownish  inodorous  powder  having  a  Tery  astringent  tast«v 
easily  solnble  in  wUwr.  The  solution  is  coloured  yellow  by  ammonia;  forms  with 
baiyta-water  a  yellow  liquid  which  deposits  red  fiocks  when  heated  ;  is  coloured  green 
hj/rrric  chUmde;  and  forms  a  ^enish-brown  precipitate  with  cupric  sulphate  and  a 
fimatl  quantity  of  ammoniiL  It  is  not  precipitated  bv  tartar-emetie  or  nitrate  of  silrer. 
When  supersaturated  with  ammonia,  it  quickly  absorbs  oxygen  from  the  air  and 
acquires  a  brown  colour.  By  boiling  with  hydrochloric  acid,  it  acquires  the  colour  of 
carmine.  When  boiled  with  dilute  sulphuric  acid  it  deposits  a  red  powder,  but  does 
not  yield  sugar.  The  ammonium-Bait  mixed  with  nlvtr-ttitrate,  becomes  tnrbid  and 
depoaits  metallic  sQver  when  heated. 

OXYPSOTSIV.     See  Protkdc. 

OXTPTmoxxc  ACn.  eir»0»?  (Arppe,  Ann.  Ch.  Fharm.  xcr.  242.)— An 
acid  said  to  be  produced  Mmultflucouhly  with  succinic  ar-id  by  the  action  of  nitric  acid 
on  sebacic  acid.  It  cryKtallts^B  somr^tiraes  in  colourless  laminae,  sometimes  in  sphericfil 
masses  ;  dissolves  in  42  pts.  of  WHter  at  20^,  much  more  easily  in  boiling  water,  mplta 
at  130*  and  decomposes  at  higher  temp  rature^*.     It  gavo  by  analysL*^  47  7  to  48  I  per 
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cent  carbon,  and  66  to  6*9  hydrogen,  the  above  formula  requiring  47*7 carbon  and  6*8 
hydrogen.  The  silver-salt  gave  570  percent,  silver,  the  formula  C'H'^A^O*  reqainnjr 
66-4  per  cent.  According  to  Wirz  (Ann.  Ch.  Pharm.  civ.  267X  this  acid  is  ideuUcal 
vnth  pimelic  acid,  C'H**0*.  Arppe  in  a  later  communication  (Ann.  Ch.  Pharm.  cxv. 
143)  states  that  the  acid  obtained  as  above  easily  passes  from  the  granular  into  th^ 
laminar  form,  that  the  composition  of  granular  acid  agrees  best  with  the  formula  of 
pimelic  acid,  but  the  laminar  acid  has  the  composition  &WK)*, 

OZTQVZirzVB.  A  compound  formed  by  boiling  sulphate  of  quinine  with  nitrite 
of  potassium.  Nitrogen  gas  is  then  evolved,  and  the  liquid  when  cold,  yields  with 
ammonia  a  white  crystallo-granular  precipitate,  the  alcoholic  solution  of  which  learn 
on  evaporation  a  transparent  amorphous  residue,  quickly  becoming  crystalline  in  contact 
with  water.  The  crystalline  granules  melt  at  100°  in  their  water  of  cnrst&Uiwtion, 
give  it  off  at  130°  and  are  converted  into  a  colourless  transparent  mass,  which  remains 
solid  at  140°,  and  contains  C^H'^N^O'  =:  quinine  +  1  at  oxygen.  It  is  insoluble  in 
water,  soluble  in  alcohol  and  ether,  and  lees  bitter  than  quinine.  (Schiitzenberger, 
Oompt  rend,  xlvii.  81.) 

oaCTXKOPBOVa  (from  po^dytiv,  to  absorb).  A  name  applied  by  Dobereiner 
to  platinum-black,  because,  according  to  his  observations,  it  absorbs  oxygen  from  the 
air  and  not  nitrogen. 

OZTBAIUCTXiZC  ACJZB.  C^H*0«.  (Lautemann,  Ann.  Ch.  Pharm.  cxx. 
299;  Jahresb.  1862,  p.  397.)-^This  acid,  metameric  with  carbohydroquinonic  (liL  214), 
hypogallie  and  protocatechuie  adds,  is  produced  by  boiling  a  solution  of  mono- 
iodo^icylie  acid  in  caustic  potash.  When  the  reaction  is  completed  (i.  e.  when  a 
drop  of  the  liquid  mixed  with  hydrochloric  acid  no  longer  ^ves  a  precifMtate  of 
iodosaUcylic  acid)  the  liquid  is  to  be  slightly  supersaturate  with  hydrochloric  acid, 
and  filtered  when  cold ;  and  the  filtrate  shaken  up  with  ether,  which  takes  up  nothing 
but  oxysalicylic  acid,  and  leaves  it  on  evaporation  as  a  brown  crystalline  mass.  The 
acid  is  purified  by  treating  its  solution  with  acetate  of  lead  and  sulphydric  add. 

O^salicylic  add  forms  highly  lustrous  needles  easily  soluble  in  loaitr,  alcohol,  and 
ether.  The  aqueous  solution  mixed  with  ferric  chloride  acquires  a  deep  blue  colour, 
dianging  to  a  splendid  violet  on  addition  of  add  carbonate  of  sodium.  The  crystallised 
add  contains  no  water  of  crystallisation ;  it  melts  at  193°  and  is  resolved  between  210° 
and  212°  into  carbonic  anhydride  and  oxyphenic  add  CH'O^  together  with  its  isomer 
hy^roquinone. 

The  salts  of  oxysalicylic  acid  are  very  unstable ;  those  of  the  alkaline  eazth-metals 
turn  brown  and  decompose  when  their  aqueous  solutions  are  exposed  to  the  air.  The 
add,  in  contact,  with  alkalis,  instantly  becomes  reddish,  and  soon  afterwards  brown. 

Biozjaalloyllc  or  Oalllc  Acid,  C'H'O^  is  produced  in  like  manner  by  the  action 
of  boiling  potash  on  di-iodosalicylie  acid  (ii  760),  but  a  considerable  portion  of  the 
gallic  acid  thus  formed  is  converted  during  the  process  into  pyrogallic  acid,  the  potash 
actinff  upon  it  under  these  circumstances  m  the  same  manner  as  a  high  temperature. 
Di'iodosalicylic  add  heated  for  six  hours  to  150°  in  a  sealed  tube  with  excess  of  potas- 
sium carbonate,  yields  a  mixture  of  salicylic,  oxysalicylic,  and  dioxysalicylie  addk 

OZTSAXiTB.  Salts  of  os^gen-adds,  or  oxides  in  which  the  hydrogen  of  the  type 
fiH*0  is  replaced,  partly  by  add,  partly  by  basylous  radides.     (See  Salts.) 

OZy STRTCBS Ui MS.  (Schiitzenberger,  Compt.  rend.  zlyiL  79.)— Com- 
pounds produced  by  the  oxidation  of  strychnine.  When  sulphate  of  strychnine  is 
boiled  with  nitrite  of  potassium  in  aqueous  solution,  nitrogen  is  abimdantly  erolTed, 
and  the  liquid,  on  addition  of  ammonia,  yields  a  light  yellow  flocculent  substance  which 
crystallises  from  alcohol  in  transparent  orange-yellow  crystals,  apparently  having  the 
form  of  rhombic  prisms  with  truncated  edges,  and  consisting  of  oxystrychnine, 
C.iH»N«0«  =  C*'H«N*()«  (strychnine)  ^  3H'0  +  0.  The  mother-liquor  on 
further  concentration  deposits  darker  coloured  orange-red  prisms  of  dioxystrych- 
nine,  C«'H"NW  «  C«H«NW  +  SH^O  +  0».  Both  compounds  ai«  insoluble 
in  water  and  in  ether,  contain  no  water  of  ciystallisation,  decompose  at  300°,  and  have 
a  bitter  taste,  but  not  so  strong  as  that  of  strychnine. 

OZTSVXiFBZBBS.  Compounds  of  oxides  and  sulphides,  or  sulphides  in  which 
the  sulphur  is  partly  replaced  by  oxygen.  Many  metallic  oxysufphides  occur  as 
natural  minerals,  red  antimony  or  kermettome  for  example ;  many  others  are  formed 
artifldally,  as  anUmonial  croctis  or  saffron  (i.  328). 

OZT8UXPBOCASBOVZC  BTBZB8.     See  Sttlphocajsbokic  Ethbbs. 

OXTSVXJPBOPXiATXVOCTAVZBB  Ol*  POTAS8ZUML  See  Ctakumb  OF 
Platdtuk  (ii.  267). 

0XT8lTXiPB08V&PBini01F8  ACIS.    Syn.  with  Htfosulfhubous  Acid  (see 

SULFHTTB,  OZTOEir-ACIDS  OF). 


OXYSYLVIC  ACID—OXYTOLUAMIC  ACID. 
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OXT8TX.VXO  ACtJK  C*II**0*  ?— A  fLicid  subataneQ  obedned  hy  oxidation  Qi 
tyWic  acid  (q.  o.). 

ozTmuiramuuukisxc   JLCSI.     C*H'50»  «   (C*H*0)n^-    (De  La 

Hue  and  MulUr,  Ppoc  Roy*  Soc  xi  112,  JnhmK  1861.  p.  426.)— ProrlacM  hythe 
Aetaoo  of  r«>daciBg  agenU  oo  aitict«i«pbth&tic  add.  it  ciyitallittM  m  tbiti  prbms  or 
moM-like  a^fiT^gationfi  of  lemon -yellov^  colour^  It  is  opannglv  soloble  iti  cold  water, 
■Joobot^  ether  «nd  ekloroform,  «ad  lik«  it«  umlogaa,  glycolLiUiiis  aeid,  &c.,  vAJtefl 
both  with  b&nes  And  with  acidii. 

Th«  OitfUrtphthaiumdUiM  are  ciystaUmble  and  easily  aoluble  tn  WHter  und  in  aleoHol, 
lormiisg  atiODgly  flaoreseent  Bolutions ;  the  compounds  of  ozyterephth^amie  ncid  with 
«0u£«  at«  lik«wiAe  crystAlliAable,  but  are  deoompoaed  hj  a  Lirge  qoantity  of  water ;  the 
aeid  aolationa  are  not  finorecx'ent. 

The  ftherg  of  oxyterephthnlamic  acid  are  obtnined  by  reduction  of  the  nitKitereph* 
thaltL'  elherB.  The  tndktfliQ  ether  in  o^st&lline  and  solubli^  in  warm  aloohot;  the 
eikytk  eihtr  fotma  large  cfysiaU  resembling  uranic  nitrnte,  and  forming  a  atroogly 
flooreecent  solution. 

By  the  acdon  of  nitrons  acid  on  ozyter«p1itbalamic  acid  in  alcoliolic  iolntLon,  a  nmn* 
her  of  oompottnds  are  formed  analogous  to  those  which  Griegs  obtained  frojn  ozyben- 
* !  acid  (p.  2^2). 


OSTTS&SFBTKA&IO  ACXXft,  C*H''0*»  ia  produced,  with  copioni  etoliitioo  of 
nitrogrr,  hy  i\u  action  of  nitrons  add  on  oxyterephthidnmic  aeiA  The  talis  are 
crriiallisable,  aud  lees  aolnblp  than  the  corresponding  terepbthaktes.  The  naUrai 
tiMerg  are  Itqoid ;  so  also  is  thp  ckhrid^  of  ojyterrphtKal^l^  which  is  easily  soluble  in 
water  and  in  alcohol.    (De  La  Hue  and  Miiller) 

OXTTa^IO  ACZB.  C'H'O*.  (Fit tig,  Ana  Ch.  Pharm.  exx.  Me.)— An  acid, 
isomeric  with  salit'-ylic  andoxybeniolc  acida,  andpetriiapa  alao  with  junpelic  acid  (i.  201 X 
It  ij!  produced  by  the  oxidation  of  toluene  (byorido  of  l)eiixyK  i.  673).  When  toluene 
(boiling  between  tOSO  and  113*^)  is  boiled  for  four  or  fiw  dajrs  with  a  mixture  of  1  ^. 
commercial  nitrie  acid  and  2  pta.  waiter,  a  oiyvtaUine  mixture  of  acidii  is  obtained  whidi 
are  somewhat  diilrult  to  sepamte*  On  repeatedly  treating  the  crystalline  maaa  which 
renaina  after  the  distillation  of  the  unaltered  toluene  and  tho  nitrotoluene  with  a 
smaU  qmintity  of  hot  water,  so  that  about  a  fourth  pact  shall  remain  ondisaolred,  and 
leaving  the  solution  to  eooL,  oxjtolie  acid  crystallises  out«  and  ma^  be  purified  by  dis* 
tillatiou,^  conversfion  into  a  calcium 'Salt^  and  ft-peated  crystalHaation  of  the  latter,  till 
the  iu:id  aepamted  from  it  melts  constantly  at  180^. 

The  mother-liquor  of  the  oxytolate  of  cafdmn  yielded  a  calcium-fialt,  the  add  of  which 
appeared  to  be  impure  benzoic  acid.  The  less  soluble  |>ortion  of  the  product  of  the 
oxidation  above  dBecrib^  contained  an  acid  which  exhibitt^d  nearly  the  compoeition 
C'H*0*;  but  it  did  not  mt^lt  at  a  constant  temperature,  and  stilt  contained  nitroeen; 
whence  Fit  tig  concludes  that  it  consisted  of  oxytoHc  acid  contaminated  with  a  nitro- 
compound. 

Oxytolic  acid  is  spftringly  soluble  in  cold  wat^^r,  but  dissolves  more  freely  in  hot 
water  and  in  alcohoU  It  crystallisea  ^m  water  in  colourless  needles,  melts  at  160'*^ 
BoUdi^t^a  at  Ml^,  eubUmes  below  its  melting  point  and  distils  undecomposed  at  higher 
temperatures.  The  Tapour,  both  of  the  dry  aeid  and  of  the  aqueoos  solution,  excitea 
ootighing,  like  benzoic  acid. 

Oiyiolic  add  is  monobasic  The  pottunum-salt,  C*H*KO*,  is  very  e^olnble  m  water, 
and  crysCaUiset  firotn  alcohol  in  smaU  needles.  The  •odittm-suit  ia  precipitated  as  a 
jelly  fiiom  its  aqueous  solution  by  alcohol.  The  harixtm-satU  C'*H''Ba"0*,  gives  off  iU 
water  of  CTTStaflisation  (amount  not  determined)  over  oil  of  ritriol  The  calcium^sali^ 
C"H"'Ca"0".3H»0,  ciyBtallisee  in  needles  ioluble  in  water  and  in  alcohol  The  tUver-mii, 
C'H*AgO*,  is  a  white  predpitate  which  dissolves  in  hot  wntor,  and  crj'stalliaes  there- 
from in  needles,  /roft,  copper,  and  Uad-talU  are  likewij>e  obtained  by  precipiUition  with 
oxytolato  of  ammoniimL 

The  reactions  of  oxytolic  acid  resemble  those  of  Laurent's  ampelic  acid  more  than 
those  of  either  of  its  other  isomers  (i.  201). 

H» 

OZTTOIiirjUttXC     ACZ9.      CH'NO^     »    {(^^OXYq  <iT  Aifddotoluie  acid. 


■H.or}o 


C»H'{NH')0« ;  also,  but  improperly,  called  Toluamic  ncid.  (Cab on  re,  Ann.  Ck  Pharm, 
cvii  H7.)-— Obtained  by  reduction  of  nitrotoluic  add  with  sulphidf"  of  ammonium,  just 
as  its  homologue,  oxybeuzamic  acid  (p.  290),  is  obtained  from  nitrobenzoic  acid.  It  unites 
with  acids,  farming  ciystalUsable  compounds  resembling  those  of  oxybenxamic  acid 
Vot.  IV,  Y 
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The  hydrocUorate,  C«H»N0«.HC1,  cryBtalliBes  in  small  nacreoas  neecQ«;  theoAloro- 
piatinate,  (C»H*N0»)«.H«C1«.R"C1\  in  red-brown  needles. 

DiazotoluyUoxytoluamic  acid,  C'«H'»N«0* .  IHH)  -  C»H«NK)«.C«HWO« .  |HK),  is  pre- 
pared by  heating  oxytoluamic  acid  with  nitrons  ether  to  30°  jiart  as  the  uuiiwpaBaing 
Denzoic  oomponnd  is  obtained  from  oxybenzamic  acid  (p.  292).  It  forms  yellow  micn>- 
soopic  prismH,  insoluble  in  water,  alcohol,  and  ether ;  acids  dissolve  and  aeoomposd  it; 
alkalis  dissolve  it  unaltered.  Its  reactions  are  precisely  analogous  to  those  of  diaao- 
benzo-oxybenzamic  acid. 

The  potasaium-,  sodium-,  and  ammonium-aalU  of  this  acid  form  easily  soluble  crjatml- 
line  masses ;  the  latter  easily  decomposes  when  its  aqueous  solution  is  boiled.  The 
barium-salt  is  a  yellowish  precipitate,  insoluble  in  water  and  in  alcohol  The  nitftr- 
salt  is  a  white  gelatinous  precipitate.    (Griess,  Ann.  Ch.  Pharm.  czvii  69.) 

OTBTBSS.  The  body  of  the  oyster  consists  mainly,  according  toMnlder,  ofan 
albuminoi'dal  or  protein  substance,  which  coagulates  at  90^,  and  is  then  aoliible  in 
itrone  acetic  acid.     Oysters  contain  0*5  per  cent  of  salts. 

Dried  oyster-shells  contain,  according  to  BuchhoU  and  Brandes,  9-8  per  eent 
calcic  carbonate,  1*2  calcic  phosphate,  0*5  albuminous  substance,  and  0*2  alumiim  (7). 
According  to  a  more  recent  investigation  by  Schlossberger  (Ann.Ch.  Pharm.  xeviiL 
99),  oyster-shells  consist  of  three  anatomically  distinct  layers :  1.  An  inn«rlajer,  the 
so-called  mother-of  pearl,  smooth,  shining,  and  semi-transparent :  Carpenta^s  sitb- 
nacreous  substance* — 2.  The  brown,  hard  scales,  forming  the  outer  edges  of  tae  maeeeukTe 
1  amine  of  which  the  upper  shell  is  composed,  diese  laminae  being  placed  one  oyer  the 
other,  like  tiles  on  a  roof;  Carpenter^s  ©ri*i?uifMJ  cellular  substance. — 3.  A  wluta,  dull, 
opaque,  friable  substance,  called  by  Schlossberger  the  chalky  layer,  interposed  hem  and 
then  between  the  laminss  of  the  shelL    These  three  layers  were  found  to  oootain : 

1  2  8 

Carbonate  of  calcium  .  94*7     98*3        89*1         88'6 

Organic  matter 22      0*8  63  4*7 

Other  salts  (and  loss)         ....  3*1       0*8  4*6  6*7 

The  salts  contain  small  quantities  of  phosphoric  add  and  alkalis^  with  tiae«  of 
silica  and  sulphuric  add. 

The  organic  substance  which  remains  on  treatinff  the  shells  with  dilute  salphiuie  aflid 
consists  mainly  of  brown  films,  which  are  insoluble  in  hot  water,  even  under  ineicaaed 
pressure,  dissolve  gradually  with  aid  of  heat,  in  concentrated  mineral  adds,  but  ooj^ 
partially  in  potash-ley  of  60  per  cent  The  portion  insoluble  in  potash  oontaim  60-7 
per  cent  carbon,  6*5  hydrogen,  and  16*7  nitrc^n,  and  is  therefore  similar  in  oompoMtkm 
to  Fr^m/s  conchiolin  (},  1107),  and  is  distinguished  from  chitin  (L  874)  bj  ito  large 
amount  of  nitrogen.     (Schlossberger.) 

Oyster  water.  The  water  within  the  shell  of  the  oyster  is  not  simply  sea-water,  but  ia 
distingmshed  from  it  by  containing  less  salts  and  more  organic  matter.  When  shakan  up 
with  ether,  it  deposits  an  albuminous  substance  containing  8*75  per  cent,  nitrogen.  This 
albuminous  matter  amounts  to  0*0056  of  the  liquid,  which  is  composed  of  95*888  j^a. 
water,  3022  salts,  0*560  azotised  matter,  0529  non-azotised  matter  «  100).  The 
weight  of  liquid  in  the  oyster  is  nearly  equal  to  that  of  the  flesh ;  it  probably  oontribates 
to  alimentation.  A  dozen  oysters  weighing  1*482  were  found  to  be  composed  of  1*209 
shell,  01 12  flesh,  and  0*102  liquid.  On  calculating  the  quantity  of  alimentary  matter 
equivalent  to  the  nitrogen,  it  is  found  that  a  dosen  oysters  contain  a  qnantitj  of 
azotised  matter  equal  to  about  one-tenth  of  the  ration  (?  daily)  of  a  man.  (Pajen^ 
Bull.  Soc  Chim.  ii.  235.) 

OX  AW  Jf  ITS.  An  amoiphous  or  fibrous  variety  of  Thomsonite  finom  tbe  Omk 
mountains,  Arkansas,  where  it  occurs  with  elseolite ;  often  also  mixed  with  anatite  (asa 
Thomsohttb). 

OXOCBSITB  or  OXOXZ&ZT8.  A  fossil  resin  discovered  by  Meyer  in  a  sand- 
tone  in  Moldavia,  in  the  vicinity  of  coal  and  rock-salt  It  also  occurs  at  Gnatan 
near  Gaming  in  Austria,  and  at  Truskawicsz  in  Ghilida ;  also  at  the  Urpeth  tioUiery, 
Newcastle-on-Tyne.  It  is  like  a  resinous  wax  in  consistence  and  translueency,  some- 
times  with  a  foliated  structure.  Its  colour  is  brown  or  brownish-yellow  by  transmitted 
light;  leek-green  by  reflected  light  Odour  pleasantly  aromatic  Specific  gravity 
=  0-94— 0-97.  Melts  at  62°  (Schrotter),  at  84°  according  to  Malimiti;  boila  at 
210°  (Schrotter),  at  800«  (Malaguti).  According  to  Johnston, the  Uipcih TBriflty 
melts  at  60^  and  boils  at  121°.  It  distils  without  decomposition,  is  not  altared  by 
strong  acids,  and  very  little  by  hot  concentrated  alcohol.  The  Moldavian  variety  dis- 
solves but  slightly  in  ether,  whenas  the  Urpeth  variety  dissolves  in  ether  to  tha 

*  Cyclopedia  of  Anatomy,  art.  Shilx,, 
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ftBoant  of  fonf-flfthi,  ftod  •opsmtot  cm  erapontioo  in  brown  floclc«  which  melt  at  36-9^ 
to  *  y«Uowkh -brawn  liqoid  Time  or  fatir  sabttaneea  are  Mipposed  to  be  her» 
iDelacU<L    The  cumpavitioa  of  oooeerite  ta  m  follows : 

Moldavia.  TJrprtk, 


80  76 
15-14 


H06 


CMm 

Hyiini(gpMi        ,        «        .        «        , 

100-PO  09¥9  lOOM 

It  it  d«oi>mpQ«»Ml  by  dry  distilkliQii,  yielding,  iccording  to  Mftlgnti,  10*34  per  cenL 
gas,  74-01  oQy  matter^  U'56  cijitaUiDe  sabseance,  and  31 0  cArbonac^oiui  reaidna. 
(Oerh,  It,  399.     Dan»,  ii.  474.) 

Bertolio  (Jahrc«b.  1860,  p.  7^7)  examined  •  Ibestl  reain  lant  from  Rio  Jiiuairo  aa 
oaoeerite,  but  of  unknown  origin.  It  waa  yt41ow,  jfhiningf  g?a*^  to  thu  \mit\i^  of  tha 
hardnaas  of  talc,  with  a  eonchoidal  fiaeture,  Sp«eifia  gaavity  0'98.  It  mulled  at  85°. 
a&d  boiled  at  245°,  taming  brown  and  emitting  a  fatty  odour.  It  dii^bolTed  in  bot 
Alcohol  and  flep#irat«d  on  eooling  as  a  wbit^  powder  composed  of  l&nmi%,  Gikve  by 
analysis  695  to  702  per ixaL  carbon  and  12*2  hydrogen,  appiozimatiQg  to  Uia  eom^ 
position  of  monomargarin  or  moooatearuL 

0K09S.     S****  OxYOPjf  (p.  299), 

OZOXrs*aTl>ROGlur.  According  to  Oaum,  hydrogen  evolTod  by  elei^trolysia 
fkoRi  water  acidulatrni  with  sulphnnc  acid,  possesses  stronger  redacing  properties  than 
ordinary  hydrogen^  inaaraurh  iis  a  piece  of  ooke  or  spongy  platiautn  immersed  in  the 
gas  thus  obtained,  or  nsed  s«  the  ne^tire  pole  in  the  circuit  in  which  the  addnkted 
water  is  decomposed,  acquires  the  power  of  r^uctne  silver  from  a  solution  of  the  anl- 
phatOf  and  of  producing  a  blue  eoloor  in  a  eolation  of  ferric  chloride  mixed  with 
lenicyanide  of  potassium :  henee  ha  calls  it  oxone^h^drogen.  According  to  later 
ezpenmanta,  howarer,  it  appears  that  to  obtain  this  active  hydrogen  it  is  neceosary  to 
Qse  a  recently  prepared  mixture  of  wat«r  and  fuming  sulphuric  acid.  (See  JahiiBsb. 
1853.  p.  316;  1854,  p.  286;  1855,  p.  292  ;  1856,  p.  273;  1857.  p.  81;  1858,  p.  64.) 

O&OWS-TXr AXaS.  An  aqueous solntion of  oaone,  which,  aceordt ngtoM^'issner 
(Jahr^sb,  1862,  p.  130),  exhibita  in  eartain  easea  an  action  opposed  to  that  of  peroxide 
of  hydrogen^  prereoting  the  separation  of  iodtne  from  iodide  of  potaitsium  by  peroxide 
of  hydrogen  and  dilute  acids,  or  by  nitrate*  or  lodafe  of  potassium  with  adaa,  When 
this  solution  is  shaken  up  with  pproxidc  of  barium,  a  violent  evolution  of  oxygen  takea 
place,  and  the  filtrate  no  longer  exhibits  the  reactions  of  ozone.  Meissner  regards  ozone- 
water  as  water  combined  with  negative  oxygen  or  ozone  ;  peroxide  of  hydrogen  as  watef 
combiDed  with  poeitiye  oxygen  or  antosone. 


p. 


The  bark  of  the  Pachnelo  tree  of   Bogota  eontaina  berberina. 
(Perrins.) 

PAeaMO&zra  (from  wdlx^r.  rime).  (A  Knop,  Ann,  Ch.  Phnrm.  cxxvii.  61. 
*— O.  r.  Rath,  Pogg,  Ann.  cxix.  261,) — A  fluoride  of  aiuminium,  calcium  and  »»odium, 
oecurring  on  Greenland  cryolite,  as  an  effloreaeence  of  small,  shining,  colourle&s 
transparent  crystals  lining  the  cavities  of  the  cryolite,  or  in  larger  crystals  of  rect- 
angular parallelopipedal  form  on  the  surface.  The  smaller  errsialji  are  rhombic 
combinationa  ct>F  ,  P  .  oP  (Xnop),  also  with  the  face  {  P  (v.  Rath).  The  indlnationi 
of  tiia  Ikees  are  as  follows : 

r.  Rath. 
odPi  aP 81^28' 


P :  <»P 

P  :  F  in  the  macrodiagonal  terminal  adge 

^    in  the  hnchydiagonal  terminal  eoge 

„    in  the  basal  edge  /        .        .        * 
I  P  :  {  P  in  the  macrodiagpnal  terminal  adga 

,^     „     in  the  bracbydiagonal  taratinal  e^a 

„     „     in  the  basal  edge    .         ,         ,         • 

s^k^ording  to  Knop's  measarements,  the  ratio  of  theaxea  a  :  5  :  c  is  0"8601 : 1  :  1^3469. 

T  2 


1.56^    0' 

92«  23' 

106*  40* 

182'»    & 

86<»60' 
102<»  28' 
147°  20" 


8P  24' 
154«*  10' 

93"  5r 

108°    8* 
128*  2or 
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The  mineral  when  slowlj  heat^  gires  off  aqueous  rapour  without  add  reactioii ;  bat 
when  quickly  heated,  it  emits  white  acid  rapoun  which  condense  on  the  sides  of  the 
glass  tube  and  can  no  longer  be  volatilised ;  the  residue  melts  easUv  to  a  t^analiKeDt 
enamel.  The  sublimate  is  insoluble  in  water,  but  dissolves  eaailj  in  hydrochloric  add, 
giving  the  reactions  of  alumina.  The  mineral  dissolves  easily  in  sulphuric  acid  with 
evolution  of  liydrofluoric  acid. 
It  gave  by  analysis : 

Al  N«  C*  F  H«0 

13 14         12 16        17-26        6079        960     -     102-94  (Knop). 
13-20         1206         1805        undet.        936     (v.  Rath). 

1^  ,>F*.2ArF*.2H«0,  which  is 

that  of  a  hydrated  cryolite  having  |  of  the  sodium  replaced  by  caldum ;  thia  Ibrmola 
requires  1229  per  cent.  Al,  1238  Na,  17*26  Ca.  6112  F,  and  807  H«0.  ▼.  Bath  gives 
a  formula  in  which  two-thirds  of  the  sodium  of  cryolite  is  replaced  by  caldum,  and 
half  the  fluoride  of  aluminium  by  alumina  ;  but  he  did  not  determine  the  flacHine. 

VACXFOWO  or  PACXTOXTO.  Chinese  nickel-silver  (see  Cofpbb,  Aixots  op, 
ii.  61). 

PXOirzxr.     A  red  colouring  matter  obtained  from  phenylic  alcohol  by  the  action 

of  sulphuric  and  oxalic  acids.  Kolbe  and  Schmitt  (Ann.  Ch.  Pharm.  cxix.  169),  by 
heating  1^  pt.  phenylic  alcohol  (coal-tar  creosote)  with  1  pt.  oxalic  and  2  pts.  strong 
sulphuric  acitl  to  140° — 160°,  for  four  or  five  hours,  obtained  a  dark  brown-red  mass, 
which  after  being  freed  from  phenyl-sulphuric  acid  by  boiling  with  water,  solidified  to 
a  brittle  resinous  substance.  This  substance  dissolves  with  splendid  porple-red  ookmr 
in  ammonia  and  potash-ley,  and  separates  on  neutralisation  in  orange-coloured  flodm, 
having  when  dry  a  splendid  orange-red  colour,  like  that  of  precipitated  alizarin.  It 
melts  at  80°,  and  then  gives  off  phenylic  alcohol ;  loses  its  colour  when  treated  with 
Bodium-amalgam  or  with  iron-fihngs  and  acetic  add,  but  is  stable  in  combination  with 
alkalis.  It  gives  by  analysis  num^rs  agreeing  with  the  formula  C*HH>,  and  ia  re- 
garded by  Kolbe  and  Schmitt  as  probablv  related  to  rosolic  add. 

Guinon,  Marnas  and  Bonnet  (R&p.  Chim.  app.  iv.  460)  prepare  thia  red  namoot 
colouring  matter  (which  they  designate  as  pianine  instable)  hj  heating  10  pts.  phenylic 
alcohol  with  4  to  8  pts.  oxalic  add  and  3  to  6  pts.  sulphuric  acid,  and  iMiling  with  water 
as  abovA;  then  heat  it  with  2|  pts.  aqueous  ammonia  to  160°  in  a  closed  metallic  Teasel 
for  three  hours;  and  from  the  resulting  solution,  by  a  process  not  further  described,  they 
obtain  the  colouring  matter  in  a  form  in  which  it  withstands  the  action  of  adds  (pioniiu 
stable).  By  heating  6  pts.  of  this  product  with  6  to  8  pts.  of  aniline  for  sereral  hoars, 
they  further  obtain  a  blue  colouring  matter  (azulin),  insoluble  in  water,  bat  loliible  in 
alcohol  and  in  ether. 

PAOOBZTB.     Syn.  with  Aoalmatolitb. 

PAZSBB&OZT8.    Syn.  with  Rhodonite. 

PAJLOB  XZBJkWO.     Syn.  with  Cibotium  Cuminoii  (i.  962). 

PAXhBSO-CBTSTAXB.  A  term  applied  by  Haidinger  to  the  oriffinal  minerda 
from  which  paramorphs  or  pseudomorphs  are  formed :  thus  augite  which  has  bwQ 
altered  to  steatite,  serpentine,  &c.,  is  called  palseo-augite,  the  mineral  resulting  from 
the  alteration  being  the  pseudomorph. 

PAZiAGOWZTB.   An  amorphous  mineral  which,  according  to  Bnnsen  and  Saztoirai 

V.  Waltershausen,  is  an  essential  constituent  of  the  volcanic  formations  of  Iceland  and 
Sicily.  It  has  generally  a  brown  or  yellow  colour  and  a  vitreous  or  greasy  Instre ;  hard- 
ness «=  4  to  5 ;  specific  gravity  «=  2  4  to  27.  It  gives  off  water  when  heated,  melts 
easily  before  the  blowpipe  to  a  black  magnetic  lead,  and  is  easily  deoompoeed  and 
gelatinised  by  hydrochloric  add.  It  is  however  always  mixed  with  a  nomber  of 
minerals,  chiefly  augite  and  felspar,  which  are  not  acted  upon  by  acids;  in  the 
following  analyses  these  foreign  minerals  are  deducted.  The  analysee  of  SieiliaA 
palagomte  arebyv.  Waltersuausen  {Vidkaniscke  Gestrine,  p.  179)  ;  those  of  the 
Icelandic  mineral  are  by  Bun  sen  (Ann.  Ch.  Pharm.  Ixi.  266). 

a.  From  Val  di  Noto,  Palagonia.  -  6.  Black  palagonite  tufa  from  Militello. — c  From 
Ad  Castello. — d.  From  Trollkonugil  on  Hekla. — e.  From  Erisuvik.— ;/!  From  Sadaftll : 
palagonite  tufa.— ^.  From  the  Oalepagos islands :  rock  forming  a  crater  (Bnnaen). — 
n.  From  Hof  Beselich  near  Limburg  (F.  Sandberger,  J.  pr.  Chem.  xlvii.  46d>. — 
t.  Black  mineral  analogous  in  composition  to  palagonite,  from  Honnef  in  the  £R«beii* 
gebirge  (Wackernagel,  Eammehberg*s  Mineralchemie,  p.  868). 


PALlGURSKiTLl^PALLADlUM, 


325 


Q. 

A. 

<', 

d. 

f. 
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K 

4, 

BiUoft  .      . 

3a^9 

4137 

36-97 

4074 

4030 

4146 

36-95 

48-9e 

41*63 

Alnmitm      . 

13  61 

11-32 

7-80 

842 

14-46 

10-90 

11-56 

994 

18*72 

FerriP  oxide. 

1451 

15  54 

2101 

18^00 

1460 

1812 

1071 

1054 

2-36 

F'Trou»  oxide 

,     ^ 

1'80 

, 

, 

, 

♦     . 

.     . 

7-83 

Li  nil?    . 

8-3« 

S>03 

531 

875 

6-88 

855 

7-95 

4  98 

107 

Mjigii««i«      . 

613 

7-14 

4-83 

454 

7'37 

4-80 

6-27 

304 

52a 

8cKLi     . 

107 

lOl 

7-28 

0-62 

182 

0-64 

0*56 

104 

2*51t 

VotiiMh 

1  36 

MO 

0-94 

0-43 

0-44 

O-40 

077 

0-82 

W»ter. 

1626 

11-69 

15^1 

18-50 

13V.0 

1449* 

25*24 

20'68 

2071 

Phosphoric  uifa 

jdride 
100 

100 

.     ^ 

.     * 

044 
100 

B9^M 

100 

100 

100 

100 

100-06 

Th«fl^  aiuUjtica]  restiltn  cannot  be  tn eluded  under  any  grncrtil  formtiltt  ;  thoy  «bow 
iiHi^ed  that  piilagouit4>  ift  either  a  mixture  or  a  compOtii)d  contaminated  with  fur«igti 
FubfifuiceR.  Bmisen  has  Fnggi>«tiL>d  for  the  greMtar  number  of  palagoniti^s  the  fonnt3ji 
3(M'O,SiO»).Al»O*.3Si0M0H«rn  nrhioh  bwwt>ver  doea  not  agree  exact! j  with  any 
indiridual  analyst!^. 

FAliTCM&SXrrs.  A  white  asbeHifbrm  lilicftte  of  sp<«cific  graTitv  2*217  m  tho 
Piiligonan  mining  di«trict  of  th?  Ural*  ConfAini,  according  to  8caitachmkow,  52'18 
jvrccnt,  ffllicti,  18*32  duraiiww  8*19  magnmia,  0*59  lime,  12*04  combined  water,  and 
8-46  water  given  oflf  itt  100^  (  «  99*84). 

FA^XSAJroSK  ^ITOOS*  A  riil  dye-wood  ttum  MadagnscaTt  the  colouring 
]jjkitt€ir  of  which  id  alT^ct^'d  by  the  uir  and  by  t»olvrnta,  in  the  same  manner  a«  that  of 
«<iji  ndal-wgud,  bat  bii»  le«i»  of  ao  oraogtL^  tint  and  is  letta  able  to  roeiat  tha  action  of 
tiikiili«  thmi  the  latter,  Ixting  changed  thereby  to  green,  oli re-green  and  brown. 
(Arnau<]oTi,  Cimeuto,  viii,  278.) 

wAo^i^mTmrj^muim.  {    ^""^  Tu^^i^-^i^  Oboanic, 

FA&3LJL]IZtniK«  At**mw  wri<fht  126.  St/mbtA  Pd.^A  metal  of  the  plutiDtim 
growfv  disooveped  by  WolU§toti  in  1803  (Phil  Tran*,  1804,  p.  419).  The  oxide 
nnd  many  of  the  other  compounda  were  diBCOvered  and  inTeatigated  by  Berseliiia 
(Pogg.  Ann.  adii.  454). 

Oeeurrtncf, — 1.  Single^  grains  of  pure  palladium,  fiomeiimea  of  oetahedral  form,  are 
mixf^  with  the  gniiuR  of  pLitiuum  from  Brazil.  Natire  palladium  mixml  with  gold 
«nd  Bflf^nitle  of  Wd  isaLno  found  at  Tilkemd*'  in  the  Ilartz. — 2.  PaOaditira  occurs  in 
tfaephiHnum  ore  of  South  Ann  riea(aiui>uiit]n|i  to  I  pt.  in  200  of  the  Peruviiiu  ore),  from 
8L  Domingo,  and  from  the  l^r:*l — 3.  It  ixjcurs,  alloys  d  with  gold,  in  an  auriferous 
wind  from  Zacotinga  and  Condonga  in  BrieiI,  mixed  with  spe*nuur  iron  ore :  the  pul- 
Lidiiim  iu  tliis  ore  amounta  to  5  or  6  per  cent,  Al»o  iilloyi^d  wifh  golrl  and  ailrer  in 
the  iiro  pudre  of  Porp«»  in  South  America:  thii  mineral  contains  10  per  cent  of 
ptiiludium. 

Krtrortwn.  \,  From  phtinum  orf.^Tlm  ore  is  digwfed  in  nftromuriatic  acid  :  the 
acid  solution  decanted  fro  in  the  iii«ioluble  ro^idue  is  nentmlised;  thft  platinum  is  pre- 
cipitjit^  by  aat-amnaoniac ;  and  the  palladium  i»  throwu  down  frora  the  filtT^ite  by 
cyanide  of  mercury  aa  a  white  flocculent  cyanide  which  yields  midallic  pallndiuro  by 
cttlriuation.     (SeefwHher  (itR^rlin'n  Havdhfnjk,  rl  256,  257,  261,  264,  267.) 

2.  From  the  pttllatiifernffji  gofd  of  Hn/il  The  gold-dust  is  fused  with  an  equal 
Wright  of  ailTer  and  a  certain  quuntify  of  nitn»,  whereby  the  earthy  matters  and  tJie 
greater  part  of  the  base  motuls  are  removed  in  the  form  of  alag;  the  alloy  m  then  caat 
in  th*  form  of  bars  ;  the  latter  osmin  fused  in  a  black  lend  cnicible,  stirring  eonstatiily 
with  an  equal  weight  of  eil^er,  so  th<it  the  gald  amounta  to  aliout  one-fourth  of  the 
whole  mixture.  The  alloy  is  then  very  finely  granulated  by  pouring  it  thr*>ugh  an  iron 
sieve  into  water;  the  granule^  are  heated  in  a  porcelain  basin  wiih  an  equal  quantity 
of  nitric  acid  and  an  equal  quantity  of  watt^r,  a^  long  a**  any  action  gooi*  on  ;  the  hquid 
in  dwmoted;  and  the  ri'«itliMl  grjid  is  boiled  for  two  hours  with  aquaniily  of  pure  nitric 
acid  equal  to  twn-thirds  of  th<'  granijes  used,  aft»r  which  it  U  washed  with  hot  water, 
dri»Hl,  and  fuNxl  into  a  button.  Fruni  tlic  resulting  nitric  acid  »olulioni«,  the  silver  i^ 
precipitated  by  common  salL  Tin*  riMuaining  liquid  being  transfem^  to  wooden  vessels, 
the  palladium  and  copper  are  jirecipitjited  by  zinc;  the  bbck  powder  is  di»«olTed  in 
nitric  acid ;  the  solution  superpn  turn  ted  with  ammonia,  which  generally  leaves  undistiolved 
a  ^niall  quanlity  of  platinum,  iron,  and  lead:  and  the  filtrate  containing  the  palladium 
and  copper  ia  very  slightly  suptr^sui united  with  hydrochloric  iiciil,  wheretiiy  the  greater 


•  And  CO'V 


\  M«iigirtCFU«  ^ftitle. 


326  PALLADIUM:  ALLOYS. 

part  of  the  palladium  is  precipitated  in  the  form  of  yellow  ammonio-pTOtodblcvide, 
which  is  then  washed  with  oold  water  and  converted  into  pore  palladinm  bj  ignition. 
The  remainder  of  the  paUadinm  and  the  whole  of  the  copper  may  be  precipitate  finom 
the  hydrochloric  add  solution  by  iron.  ( Jo h  n  son,  J.  {ar.  Chem.  xi.  309.--C oek,  Phil. 
Hag.  [3]  zziiL  16 ;  also  Ann.  Ch.  Fharm.  zlix.  236.) 

Properties. — Palladium  is  a  white  metal  intermediate  in  colour  and  lustre  between 
filyer  and  platinum.  As  obtained  by  ignition  from  the  cyanide  or  from  chloride  of  pal- 
ladium and  ammonium,  it  forms  a  grey  spongy  mass.  Pinely  dirided  palladium 
floating  on  water  appears  blood-red  by  transmittal  light.  Native  palladium  occum  in 
six-sided  tables,  with  distinct  cleavage  parallel  to  the  terminal  faces ;  white,  with  a 
strong  lustre,  of  almost  microscopic  size,  and  attached  to  lamins  of  native  gold 
(Q.  Rose);  also  in  minute  octahedrons  (Haidinger).  The  native  palladinm  &om 
Brazil  exhibits  a  fibrous  structure,  and  may  be  thereby  distinguished  and  separated 
from  the  grains  of  platinum  with  which  it  is  mixed  (WoUaston).  Specific  gravity-  of 
ftised  paUadium,  1104  at  18°  (Cloud),  113  (Cock),  from  11-3  to  11-8  fWollast on), 
11-4  at  22-5°  (Deville  and  Debray) ;  of  hammered  palladium,  11*8  (Cock),  11852 
(Lam padius),  rather  more  than  12*0  (Vauquelin),  12*148  (Lowry).  Palladium 
is  about  as  haid  as  platinum ;  ductile,  but  somewhat  less  so  than  platinum ;  and  may 
be  rolled  out  into  thin  leaves.  It  is  the  most  ftisible  of  all  the  metals  of  the  platinum 
group,  beginning  to  fuse  at  the  strongest  heat  of  a  foige-fire,  and  melting  perfectly 
before  the  oxy hydrogen  blowpipe.  When  heated  on  lime  in  Deville's  furnace  (p.  313) 
to  the  melting  point  of  iridium,  it  volatilises  in  green  vapours  which  condense  to  a 
bistre-coloun^  dust  of  metal  and  oxide.  It  oxidises  at  a  lower  temperature  than  silver, 
and  is  always  covered  on  the  surface  with  a  thin  film  of  oxide.  If  it  be  freed  from 
this  coating  by  ignition  in  a  reducing  flame,  and  held  while  still  hot  in  a  stream  of 
mixed  air  and  combustible  gas,  it  continues  to  glow  like  platinum.  If  exposed  to  the 
air  in  the  melted  state  it  absorbs  oxygen  and  spits  like  silver;  but  the  absorbed  gas  is 
not  given  off  till  just  as  the  metal  begins  to  solidify,  so  that  the  mass,  though  very 
dense  on  the  surface,  remains  porous  within.    (Deville  and  Debray.) 

Palladium  is  very  slightly  attacked  by  concentrated  hydrochloric  or  ntlphurie  actti, 
even  at  the  boiling  heat.  It  dissolves  in  nitric  acid  without  evolution  of  gas,  but  coni- 
nunicates  a  brownish-red  colour  to  the  liquid,  from  formation  of  nitioos  acid.  It 
^aaolves  with  facility  in  nitromuriatic  acid.  Its  surface  is  blackened  by  tincture  of 
iddifUy  which  has  no  effect  on  platinum. 

Palladium  is  sometimes  used  for  making  the  divided  scales  of  astionomical  instru- 
ments, fbr  which  it  is  well  adapted,  beinp^  lights  nearly  as  white  as  silver,  and  not 
blackened  by  sulphurous  emanations.  It  is  also  used  for  making  the  smaller  divisions 
of  the  grain  or  gramme. 

Palladium  in  most  of  its  compounds  is  diatomic,  as  in  the  di-chloride  Pd^Cl*,  the 
di-iodide  Pd"I',  the  protoxide  Pd'O,  &c  A  tetrachloride  occurs  in  certain  double 
•alts,  and  the  dioxide  Pd^'O'  is  known  in  combination  with  water. 

y  A  Till  A  l>XUai,  AZAOTS  or.  Palladium  unites  with  most  metals,  but  only  a 
few  of  its  alloys  are  of  any  practical  importADce.  With  antimony  and  arsenic  it 
forms  brittle  alloys,  the  combination  in  each  case  being  attended  with  ignition. 
(Fischer.) 

Barium  unites  with  it  at  the  heat  of  the  oxyhydrogen  bbwpipe,  forming  a  ailver- 
white  alloy  which  gradually  oxidises  on  the  surface.    (Clarke.) 

Equal  parts  of  bi  smuth  and  palladium  form  a  grey  alloy  having  the  hftidness  of 
steeL     (Chenevix.) 

Copper  and  palladinm  unite  without  incandescence;  4  pts.  copper  and  1  pt.  pal- 
ladium form  a  white  ductile  alloy ;  equal  weights  of  the  two  metals  yield  a  yellow- 
brown  brittle  alloy,  harder  than  wrought  iron,  and  when  fused  together  before  the 
oinrhvdrogen  blowpipe,  an  easily  fusible  alloy  of  pale  colour,  susceptible  of  a  high 
polisn,  easily  attacked  by  the  file  (Clarke).  Palladium  forms  with  copper  an  alloy 
similar  in  properties  and  composition  to  that  which  it  forms  with  tin  {vid.  if\f.\  and 
obtained  in  a  similar  manner.     (Deville  and  Debray.) 

With  gold,  palladium  forms  several  alloys,  the  combination  always  taking  place 
without  ignition.  1  pt  palladium  and  1  pt  gold  form  a  grey  alloy  having  the  colour 
of  wrought  iron,  less  ductile  than  either  of  the  component  metals,  and  of  coarse-giuined 


(Berzelius.) 

The  alloy  of  palladium  and  iron  is  very  brittle;  but  an  alloy  of  1  pt.  palladium 
and  100  pta.  steel  is  well  adapted  for  cutting  intttruments  which  require  to  be  p«r- 
fectly  smooth  on  the  edge.    (Faraday  and  Stodart) 


PALLADIUM:    DETECTION  AND  ESTIMATION.       327 


Wilh  lead,  palliidiaiD  formi  a  grey,  banl,  bniUe  alloj^,  having ttfiji4>'gTiiixicd£rB«tarOf 
sad  of  epedAe  mvily  Vl'Q.     The  combuHlion  in  Attended  with  ignition. 
RflwpMtiiig  toe  mercurj*compotindM  of  pulludium,  ti€<e  iii.  88S. 
Nickel  t^pftUadiom  unite    t    '  f  of  the  <»xjhydrog«D  blowpipe^  funzung  a 

^f^iml^aita  of  platinum  lUid  ^.^^.*v..Mui  luaite  «t  a  tompemtcire  aomewhAt  Mbova 
Um  ntltuig  point  of  the  Ittt«r,  toamuu^  a  mj  alloy  of  specific  ^niy  IdUi,  aa 
liAfd  M  irrought  iron,  lewi  ductile  Ulan  the  ftold  a" 


Aid  a«  irrotuht  iron,  lewi  ductile  tliaii  the  gold  alloy.     1 C h  e n eTt z.) 
An  alloy  of  1  pU  lilver  and  9  pta«  paUaaiam  ia  uaedby  dentisti. 


thore  jpuiiaias  an  alloy  having  the  oomj^itiiin  Pd'Sn*,  cryst&Uiaed  in  slender  ahining 
lamitta.  Siiiiilar  aUoya  of  paliadium  with  ail^er  and  with  copper  are  obtained  in  like 
maiiiMr,    (DoTilU  and  D^bray  |. 

I^dladium  dissolvvt  in  mell<^  zine.  but  does  not  unites  Kriih  it  in  de^Lntte  proportioos^ 
uu  tr«atinK  th«  ivtiultiDg  alloy  with  hydrochloric  acid,  pur«  piilladium  remaina  undia- 
cKiWed.     (D  e  V  i  11 1'  aiid  D  e  b  r  a  y , ) 

FAXtXkASZUlS,  BSOMSDB  OP,  Pidladium  diaaoWed  in  a  mlatiare  of  nitric 
and  hydrobroEoic  acida,  yielda  on  evaporation  a  cheatn at- brown  maaa  intiolablc  in  water, 
but  auiuble  in  aqtteona  hydrobromic  acid,  and  fonning  diirk  brown  double  salta  with 
the  brorriidt^ii  of  potaafBQfn,  manganeae  and  sine      (Bon^idorC  Fogg,  Ann.  xix.  M7^) 

yiLXiXiA,]»ZirM,  CA&SXOS  or.  PaUadinm  fused  in  a  crucible  tiile^J  with  himp- 
Mtick  beconi»^j«  no  brittle,  that  if  struck  with  a  hammer  while  red-hot,  it  talk  to  powder 
and  givea  off  a  whit«  fume.  RoEipeetiDg  the  Ibfmation  of  paUndium'^carhide  in  an 
itl{?ohol-tliun«,  aeo  below. 

VAX&AHZinif,  OBZ.OSXDSS  or.  The  diehhmd^  or  Palladiom  chtorid^', 
l^rW,  ie  ]^>repared  l>y  difSMjIving  {Killadium  in  hydrochiorie  add  to  which  u  little  nitric 
ucid  is  add(?d«  and  <v4pomtiDg  thr^  tiolutiua  to  drynets,  to  expol  the  cxcesfi  of  Acid,  The 
t'ompound  is  a  njiw*'^  of  a  dark  bruwn  culonr,  which  beeomea  black  when  nmd*-  anhydfjus 
by  heat,  iind  mny  \h^  fU8**d  in  a  glass*  vpiiw*L  When  heated  in  platiimin  vesaeb,  it 
beccmi«fin  coDtftraiuatMd  with  th<*  ilHnri*le  uf  iluit  metal.  When  diaaolTed  with  ckUyridt 
v/ potoMttttm^  it  fomiii  a  double  *wlt,  K'i'd'CI*,  whirh  is  soluble  in  cold,  and  considerably 
more  so  in  hot  water,  and  crysiailisea  in  four-sided  prisms  of  a  didl  yellow  colour. 
IHchloride  of  ftaUtwlium  ahM>  forma  double  salta  with  the  chlorides  of  ammonium, 
«4.Mljt]m,  and  several  other  metala« 

Tb^  it  trachlQridt  or  Paltadie  ckloridft  Pd**Cl*,  is  obtained  in  solution  when 
the  dichlLiridu  is  difu^olved  in  concentrated  nitromoriatic  acid«  and  the  soIutioD  is  only 
ttJightly  heated.  Its  solution  is  of  so  dark  a  colour  aa  to  appear  black,  tind  gives  n  rfd 
i»recipitiae  with  chlondi'  of  potaaBitim.  When  the  aolution  is  dilutKl  or  inorf  strongly 
m*jiit^i,  chlorini^  gas  i&  evolved,  and  dichJoride  of  p«Jladium  n^prodnced.  The  dotiblo 
t»alt  ut  tlii«i  chloridt)  and  chloride  of  pota^ium  is  obtainmi  by  tronvting  potassio-palladiuuii 
djlciriilein  fine  powder  with  nitromuriatie  acid,  and  eiraporatiug  the  (fupematant  liquid 
to  drynt'f*!*.  It  forma  a  dnnabar-red  powd»'r,  in  whidi  octahtdrdl  crj^tah  can  be  p«r- 
cf'ived,  buLh  the  palkdic  and  pfilladious  double  chloridea  being  isomorphoua  with  the 
curreapunding  compounda  of  platinum.  When  treated  with  hot  water,  mis  double  salt 
vnntu  chlorine,  and  ia  in  a  great  measnro  deoompoaed. 

rAXiXtAPgtiai,  CTiLKSDISS  or.  Palladium  forms  tvo  cyanides  analogous  to 
thv  ihloruletsi  I  j^t*!*  CvAMiiiiS,  ii.  260). 

rAXXkAsnrnc,  osrrmcTzon  Airo  sstzbcatzow   or.    i.  Uructuyfu. 

— Ntsirly  a-ll  puUudium-tx»m|.K^und«  iwa  liccompuAed  by  htuit^  leuring  metiiUic  palladium: 
wbi4:h  may  be  diatinguiahod  from  platinum  by  its  solubility  in  nitric  tuiid,  by  its  reac- 
tion iRith  tincture  of  iodine  (p.  328),  or  by  ita  behaviour  in  an  nlcohol-fiame.  If  held 
iu  Ihe  inner  flame  of  a  spirit-lamp,  it  uuitiii  with  carbon,  without  first  b^^ing  heated  to 
reduess  ;  and  if  then  quickly  removed  frum  the  llame,  it  glows  vividly  in  the  air  till 
ail  I  he  cjirbon  i&  burut  away  and  pure  palladium  iM  left:  this  reaction  is  eahibtted 
most  conapicuoualy  by  finely-divided  paUadium  which  has  betxn  closely  comprtiaed: 
i»|tougy  piatinuin  does  not  tothillt  it  at  alL 

Pailadious  »aUs  AtK  for  ihQ  moni  part  brown  or  red;  their  taste  ia  aatringent, 
but  nut  metallic.  The  metal  it*  precipitated  from  the  c^lutiouii  of  palladious  aulla  by 
phoijthoruSf  by  tulphtinms  actii^  by  nitriU  of  poiuMtumf  by  all  the  fncUd'S  which 
reduce  silver,  hy  formaU  of  potassium,  and  by  atcoAol  at  a  boiling  heJit.  Sn/ph^dNa 
mid  and  9vdpkid*  ofamfiioninm  throw  down  the  brown  snlphtde  of  txilladium,  insoluble 
in  the  latter  reagent,  Jlt/dnitdic  acid  aud  iifdtde  of  juAtt^^ium  throw  down  a  black 
precipitate  of  iodide  of  i«aiLidiuni,  visible  even  Ui  i  he  &0O,O«»0t  h  degree  of  dilution.  This 
reliction  servea  for  the  srpinition  of  iodine  from  bromine:  for  alkaline  bronudee  do  not 
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precipitate  palladious  salts.  Potash  or  soda  forms  a  brown  precipitate  of  a  baste  salt, 
solame,  with  the  aid  of  heat,  in  excess  of  the  reagent.  Ammonia  produces  no  precipitata 
in  a  solution  of  palladioos  nitrate ;  but  from  a  solution  of  the  chloride,  it  throws  down 
a  fleeb-coloured  precipitate  of  ammonio-chloride  of  palladium,  soluble  in  coEeen  of 
ammonia.  The  carbonates  of  potassium  and  sodium  tonn  a  brown  preeipitaAe  of 
hydrated  palladious  oxide.  Carbonate  of  ammonium  acts  like  ammonia.  PhospkaU 
of  sodium  forms  a  brown  precipitate.  Ferroeyanide  sjA  ferricffanide  of  potassium  fixm 
no  precipitate,  but  the  liquid  after  a  while  coagulates  into  a  jelly.  Oyanids  ofmeremy 
throws  down  a  white  precipitate  of  cyanide  of  palladium.  Stannous  chloride  forms  a 
black  precipitate  which  dissolyes  with  intense  green  colour  in  hydrodiloiic  add. 
Ferrous  sulphate  precipitates  palladium  slowly  from  the  nitrate,  but  not  firom  tbe 
chloride.  The  reactions  of  palladium  with  sulphydric  acid,  cyanide  of  mercury,  and 
iodide  of  potassium  taken  together,  serve  to  distinguish  it  from  all  other  metals. 

Palladic  salts  are  very  unstable,  being  easily  reduced  to  palladious  salts  by  heat^ 
and  by  reducing  agents :  hence  their  reactions  are  scarcely  known.  The  dark  brown 
solution  of  the  tetrachloride  is  easily  distinguished  from  the  similarly  coloured  solu- 
tions of  tetrachloride  of  platinum  or  iridium  by  its  property  of  giving  off  ehloiino 
when  heated  and  leaving  the  dichloride. 

Estimation  and  Separation  of  Palladium, — ^Palladium  is  alwajrs  estimated 
in  the  metallic  state.  It  is  precipitated  from  its  solutions  in  the  form  aieysmde  by  a 
solution  of  cyanide  of  mercury,  the  liquid  not  containing  anv  excess  of  acid.  The 
precipitated  cyanide  is  then  reduced  to  the  metallic  state  by  calcination. 

PaJUdium  may  be  separated  from  nearly  all  other  metals,  either  by  precipitation 
with  cyanide  of  mercury  or  with  sulphydnc  add,  or  by  the  solubility  of  its  oxide  in 
ammonia.  If  however  the  solution  contains  alcohol,  gold,  platinum  and  some  other 
metals  may  be  precipitated  at  the  same  time.  Palladium  cannot  be  separated  from 
platinum  by  nitric  acid:  for  an  alloy  of  palladium  with  a  small  quantity  of  platinum 
18  completely  dissolved  by  that  acid. 

To  separate  palladium  from  copper,  with  which  it  is  associated  in  platinum-ore,  the 
two  metals  sre  precipitated  together  by  sulphydnc  acid,  and  the  precipitate,  while 
still  moist,  is  roasted,  together  with  the  platinum,  as  long  as  sulphurous  anhydride 
continues  to  escape.  The  metals  are  thereby  converted  into  basic  sulphates,  which 
roust  be  dissolved  in  hydrochloric  acid,  and  the  solution  mixed  with  mtric  acid  and 
chloride  of  potassium,  and  evaporated  to  dryness.  A  dark  saline  mass  is  thus 
obtained,  consisting  of  chloride  of  potassium,  chloride  of  copper  and  potassium,  and 
chloride  of  palladium  and  potassium ;  and  on  treating  this  mass  with  alcohol  of  apedfie 
gravity  0*833,  the  two  former  salts  are  dissolved  and  the  double  chloride  of  palladinm 
and  potassium  remains  (Berzelius).  AccordingtoDobereiner,  copper  may  be  sepa- 
rated from  palladium  by  reducing  the  latter  metal  with  an  alkaline  formate. 

Atomic  Weight  of  Palladium, — Berzelius  (Pogg.  Ann.  xiti.  435)  determined  the 
atomic  weight  of  this  metal  in  the  same  manner  as  that  of  iridium  (iii.  321)  by 
redudne  potassio-palladious  chloride,  2ECLPd''Cl',  in  a  current  of  hydrogen.  As 
this  salt  cannot  be  dried  without  partial  decomposition,  the  mixture  of  chloride  of 
potsssium  and  metallic  palladium  left  after  the  ignition  was  weighed,  as  was  also  the 
palladium  left  after  dissolving  out  the  chloride  of  potassium  with  water.  In  one 
experiment,  0*575  grm.  palladium  were  obtained  to  0*809  grm.  potassium-chloride, 
in  another,  0*851  grm.  palladium  to  1*192  potassium-diloride.  If  KCl  «  74'5, 
the  mean  of  these  experiments  gives  Pd  «   126*26  or  nearly  126. 

PA&XJLBZUM,  nvOBZBB  Ol*.  Pd'T*.— Formed  as  a  brown  predpitate  on 
adding  hydrofluoric  acid  to  a  concentrated  solution  of  palladious  nitrate.  On  evapo- 
rating to  dryness,  there  remains  a  brown  earthy  mass,  only  a  small  portion  of  which  is 
dissolved  by  water.  It  is  not  altered  by  ignition,  is  sparingly  soluble  in  hydrofluoric 
acid,  and  dissolves  very  slowly  in  caustic  ammonia,  forming  a  colourless  liquid,  which 
may  be  evaporated  by  heat,  and  ultimatelv  deposits  fluoride  of  palladium  as  a  colour- 
less ciystallinc  salt,  which  may  be  heated  to  100°  without  decomposition,  but  deeom- 
poses  at  a  higher  temperature,  leaving  a  grey-brown  powder. 

AmmoniO'^aUadhus  fiuoride  is  obtained  as  a  brown  radiate  mass  by  dissolving  pal* 
ladious  fluoride  in  boiling  aqueous  ammonia,  and  evaporating. 

Potassio-palladious  Jluoride  is  predpitated  on  mixing  palladious  nitrate  with  fluoride 
5^  potassium,  as  a  light  yellow  powder  sparingly  soluble  in  water. 

Sodio-palladious  fluoride  is  obtained  in  like  manner  and  possesses  similar  properties. 

Pik&lABZnM,  ZOBZBB  OF.  Pd'l'.— Palladium-foil  turns  black  when  an  alco- 
holic solution  of  iodine  is  evaporat^^d  to  dryness  upon  it;  this  reaction  distinguishes 
palladium  from  platinum,  which  remains  bright  when  thus  tre!U«d  (Berzelius). 
Similarly,  palladium-foil  heated  in  iodine  vapour  becomes  covered  with  coloured  films, 
and  afterwards  turns  brown ;  the  application  of  heat  or  treatment  with  ammonia  restores 
its  brightness.    Iodine  heated  in  a  glass  tube  with  finely-divided  palladium,  combines 
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but  imperfectlj  with  it ;  and  agB.in»  when  palkdiam-foil  is  boiled  witb  iodine  aud  ir»ter, 
or  with  bydriodic  acid  aod  nitric?  acid,  part  of  it  rrmaiott  unaltered.     (Lasssi  gne.) 

Iodide  of  palladimn  is  obtained  m  the  form  of  a  bta4^k,  tastel^so,  inodorous  mass, 
by  precipitating  a  pHUadiooa  aalt  with  iodid«  of  palladium,  washing  with  lK>iling  water, 
anadiyiog  the  black  gelatinooji  flakes  fbr  24  boon  in  yaeuo  (Lassaigne.J,  Chim.  med, 
xi.  67).  It  ffiTtti  off  its  iodine  between  300°  and  360^.  Boiling  potoab  decompoBes  it 
with  MpanUon  of  a  blade  powder  oonsifitiiig  of  paUadioiu  oxide.  It  is  ineoluble  in 
wat««,  alcohol,  ctbor,  and  hvdriodic  acid  (thereby  difitingiuabed  ttom  iodide  of  platinum) 
(Laasaigot).   Thi»  compound  sitrTiM  for  the  quanti  tative  ectimatioQ  of  iodine  ^^iiL  29*), 

WAXLMJi^Uim^  OXXSSS  or.  The  protoxide  or  Palladia  us  oxide,  Pd^O, 
is  obtained  in  the  anhydrous  stnttt  by  decomposing  nitrate  of  pallaJiuin  at  a  moderate 
heal,  or  by  heating  a  palladious  Niit  with  carbonate  of  pota&.Kiam  to  eummencing  red- 
ness, and  exhaustiog  the  r^idue  with  vrutcr.  It  is  a  durk  grey  or  bla(?k  powder^ 
sparingly  soluble  in  acids,  and  b  reduced  to  the  metallic  NtaU-  at  a  bright  red  heat. 

PalUidious  h^draU  ia  obtained  as  a  dark  brown  precipitiite  by  miiing  the  solution 
of  a  palladioQt  aalt  with  excess  of  potassic  or  sodic  carbonate.  It  gires  off  its  water  at 
a  modersls  red  beat     It  is  easOy  soluble  in  acids. 

The  dioxide  or  Paltadic  oxide,  Pd'^0^  is  not  known  in  the  separate  state.  From 
a  solution  of  palUdic  chloride,  alkali*  and  uikaline  carbonates  tlm)w  down  a  brown 
precipitate  consisting  of  hydrated  pailadic  oiide  combined  with  the  alkuli.  This  com- 
pomid  givea  off  half  its  oxygen  at  a  moderate  heat^  and  the  whole  at  u  higher  tempera- 
ture. From  hot  ttolntiona,  a  block  precipitate  is  obtained  eontaitiitig  the  auhydiDUS 
dioxide,  Thi}  hydrate  dissolres  slowly  in  acida,  forming  yellow  solutions.  In  strong 
hydrochloric  acid  it  dissolres  without  decomposition^  foTtain^  pota^ito^paUadie  chloride 
vLTx^m^  from  admixed  potash ;  with  dilute  hydrochloric  acid,  on  the  contrary;,  it  gires 
uff  chfori  ne. 


FA&^ADYiriS,  fiS&SM^IBB  OF.  Fd'Se.—The  two  bodii^s  unite  easily,  the 
combiDiitioa  Ixing  attcuded  with  evolution  of  heat.  The  product  is  a  grey,  innuible 
comptjuud,  which  when  htutfd  in  the  blowpipe  flame,  gires  off  et^knium,  and  leares  a 
greyish- white,  brittle,  er)»taUine,  mclailio  bead  contaiuing  selemum*     (Berzeltns.) 

rA&&AJ»XirM,  Sir&PBXDS  or.  Pd^S.-^Pailadium  and  sulphur  heated 
together  unite,  with  incandescence,  forming  a  bluish-white,  metallie-fihiniug.  yefy 
hard  compound,  having  a  shiiiini^  lamiuiited  frsctnre,  and  melting  at  the  same  terope^ 
rature  as  silver.  By  preoipitutiug  a  puUadium-salt  with  stilphydric  acid  or  an  alkaline 
sulphide,  sulphide  of  palladium  is  obtained  as  a  black  powder,  having  a  bluish  tinge 
and  semi^mcfaliie  lustre.  Sulphide  of  palladium  heat^>d  to  re<^iess  in  the  air  oxidises 
Teiy  slowly,  forming  a  basic  sulphate  or  oxy^ulphute  of  paUadinm.  Heated  in  a 
stream  of  chluriue  gii»,  it  forms  cldoride  of  *tuphur  and  dichlonde  of  patiadium. 

>  Alt  t  A  PriTM^B  Agggt  ikMMOJrr&CAXi.  (Vauquelin,  Ann.  Chim. 
Ixxxviii.  167-— Fischer.  8chw.  J.  li,  192.— Ann.  Ch.  Pharm.  Ixiv,  260. — 
FehUng,  iUd,  xxxix«  116. — Hugo  Miiller,  ilnd.  Ixxxvi.  341.} — a.  A  moderately 
concentrated  solution  of  dichlonde  of  palladium  treated  with  a  slight  excess  of 
nmmonia,  yields  a  beautiful  fle«b-coloureti  or  rose-colouretl  precipitate,  consistilig  of 
K'^H'Pd'Cl'  (Vaaquolin,  Fehling,  Fischar).  This  precipitate  dissolyes  in  a 
larger  excess  of  ammouta;  and  the  ammoniivcal  solution,  when  trciited  with  acids, 
yieldti  a  yellow  precipitate  having  the  same  comjxfsition  (Feb ling,  Fischer). 
This  yellow  moJitic^tion  is  likewise  obtained  by  heating  the  red  compound  in  the 
moist  static  to  100  ,  or  in  the  dry  state  to  200^^.  The  jfHou  compound  disaolyes 
abundantly  in  aqueous  potash,  forming  a  yellow  solution,  but  without  giving c^  am- 
monia, even  wb«'n  tlie  liquid  is  heated  to  the  boiling  point;  the  red  compuund  behaves 
in  a  simiLir  manner,  but,  before  dissoliring,  is  conv«:-rted  into  the  yellow  modificatioa 
For  this  reawn,  Htigo  Miillcr  regardi*  the  red  compound  a^  antmi/mo^klt*rid4  of 
palladium,  2NH'.Pd"Ul-,  jiud  the  yellow  a4  vhlttridt  f*f  pallndummmtHtn,  N^H^Pd^.d*. 
The  yellow  compound,  digested  with  water  and  oxide  of  ailver,  yielde  the  oxid^  of 
jftilltidamtHonitu}!,  qt palladithtiHi,  N-H*Pd"t>.  This  cumpouud  i»  a  ttrong  base, 
analogous  to  oxide  of  platammonium  {q.  («.).  It  is  solubln  in  water,  to  which  it  com- 
municiites  a  strong  alkaline  taste  and  reaction.  By  evaporating  the  solution  in  Tacuo, 
the  base  is  obtained  in  the  form  of  a  crystalline  mass,  which  absorbs  carbonic  acid 
lapidly  from  the  air,  especially  when  moi»L  It  unites  ivitli  acids,  forming  definite 
Hiillfi^  ]  Ls  solution  precipitates  the  salts  of  silver  and  copper,  and  an  excess  of  it  does 
not  rediasolve  the  precipitates.  Sulphite  of  paltadammmtium^  K*H'Pd".SO",  is 
formed  by  saturating  the  solution  of  the  oxide  with  sulphurous  acid,  or  by  the  action 
of  that  acid  on  the  yellow  chlorine^compound :  it  crystailiAes  in  orange-yellow 
octahedrons.  The  sulphate,  N*H'Pd*.SO*,  crystallises  in  a  similar  mauner.  The 
ft tt rati,  iodidr,  and  bntmide  have  also  been  tbrmnL  The  jltmrnir  xb  obtained  by 
adding  the  chloride  to  a  &olnrinn  of  fluoride  of  stiver.     (H.  MiiUer.) 


830  PALLADIUM-BASES— PALMITAMIDE. 

/9.  The  eompound  iNH'^rCl*  (caUed  by  MiiUor,  ckloride  ofpalM  iiammn^  wbiflh 
may  be  fommlated  as  a  chloronitride  p^»>  qu^oim  chloride  o/anmiopalkuUimmomium, 

H*       ) 

Fd"      vN'.Cl*,  sepamtas  from  the  annnoniacal  aolutioxi  of  ehkcide  of  p*^^*^"»"**M«*"— , 

in  ooloiirlesay  oblique  rhombic  prinns,  which  at  200^  give  off  half  their  aminoniii  and 
are  roduced  to  N*H*Pd"Cl*  (Fehling).  The  eorreepoDding  iodide  and  hromide  mn 
likewise  obtained  b^  treating  the  solutions  of  iodide  and  bromide  of  palladium  or 
palladammonium  with  ammonia.  They  both  crystallise  readily.  The  Jhtoride  ia 
obtained  by  adding  ammonia  to  the  solution  of  chloride  of  palladammonium  in  flmnide 
of  silver,  and  evaporating :  it  forms  oblique  rhombic  prisms.  The  eUioo-fiMoride  is 
obtained  in  ciystaliine  scales  on  adding  hydroflnosilicic  acid  to  any  solnble  salt  of 

palladammonium.  The  ooru^  N^H'^PdH)'  —   p^^fQ  i^  o^uied  by  deoomponng  the 

solution  of  the  chloride  with  oxide  of  silver, — or  better,  the  snlnhate  with  l^dxttke  of 
barium.  A  strongly  alkaline  solution  is  thereby  formed,  which,  on  eva^oratMNi, 
leaves  the  hydrated  oxide  in  the  form  of  a  crystalline  mass^  though  not  quite  pure. 
The  solution  precipitates  the  salts  of  aluminium,  iron,  cobalt^  nickeC  and  oo|[^Mr,  but 
not  those  of  silver ;  expels  ammonia  from  chloride  of  ammonium,  on  boiliiig;  and 
absorbs  carbonic  acid  fin>m  the  air.  The  carbonate  obtained  in  this  manner,  or  by 
decomposing  the  chloride  with  carbonate  of  silver,  or  the  sulphate  with  eartxmate  of 
barium,  crystallises  in  shining,  colourless  prisms,  which  turn  ydlow  at  a  little  above 
100^ ;  the  solution  of  this  salt  is  strongly  alkaline,  and  gives  copious  prseipitaftaa  with 

salts  of  calcium,  barium,  copper,  and  silver.   The  sulphite,  Pd"     C  ^„  obtained  by  diveet 

^sor  r 

combination,  or  by  the  action  of  ammonia  on  sulphite  of  palladammonium,  forma  amall 
prismatic  crystals,  sparingly  soluble  in  water,  insoluble  iu  alcohol,  and  turning  yellow 
at  about  392^.  The  stdphate^  obtained  by  treating  palladious  sulphate  with  excess  of 
ammonia,  forms  small  colourless  prisms,  easily  soluble  in  water,  but  inaoliible  in 
aloohoL     (Hugo  Miiller.) 

PAZi&AOXirM-BASBS,  OROAVZO.    (Hugo  Mnller,  loe,  cO.)— «.  Eih^ 

compounds.  When  ethylamine  is  added  to  a  solution  of  palladioup  chloride,  a  yeUow 
precipitate  is  formed  containing  (C^H'N)'.Pd''Cl*.  It  dissolves  in  ethylamine,  forming 
a  culourless  solution,  wliich  on  addition  of  hydrochloric  acid  yields  a  pale  yfdlow  pre- 
cipitate, afterwards  becoming  dark  yellow  and  crystalline:  this  precipitate  is  meta- 
meric  with  the  preceding,  and  appears  to  consist  of  chloride  of  palladethylam* 

monium     Pd"    vN*Cl'.    A  solution  of  this  yellow  salt  in  excess  of  ethylamine  de- 
H*    ) 

(C«H*)«    )  (C'H»/)... 

posits  colourless  prisms  of  the  salt        Pd"        VN*C1*  or     Pd"    vi^,, 

H»(C*H»N)«i  H»    j^^' 

When  the  chloride  of  pidladammonium  (p.  328)  is  tn^at«d  with  aqueous  ethylamine 
it  quickly  becumes  decolorised  and  dissolves  on  gentle  heating,  to  a  colourless  liouidy 

(C*H-N)«j  (C«H*)^)jj. 

whichon  cooling  deposits  colourless  crystals  of  the  salt      Pd"     VN*C1*  or     Pd"    >^ 

H*      j  H"    3" 

Miiller's  chloride  of  paladethyldiamine. 

j8.  Phtnyl-compound. — On  adding  aniline  suspended  in  water  to  a  aolntion  of 
palladiuus  chloride,  a  pale  yellow  crystalline  precipitate,  insoluble  in  excess  of  i^twliw^ 
18  formed,  probably  consisting  of  chloride  of  palladio-phonylammonium, 
H\OH*)'''Pd''l^*.CK  The  corresponding  iodine-compound  is  obtained  as  a  yellow 
crystalline  powder  on  mixing  finely  divided  iodide  of  palladium  with  aniline  aiupended 
in  water. 

PAXJmo  ACZB.    Syn.  with  Bionblaidic  Acid. 

PJUbMZW.    Syn.  with  BicurxLAJbiir. 

PAZiXaZTAlftXBB.    C'«H"NO  -  ^*^*^|n.    (H.  Carlet,  BulL  Soc  Chim. 

1869,  p.  175.) — This  compound  is  obtained  by  heating  palmitate  of  ethyl  with  alcoholic 
ammonia  for  twenty  to  twenty-five  days  in  a  sealed  tube  immersed  in  a  salt-bath,  and  ia 
purified  by  re-crystallisation  from  hot  alcohol,  and  repeated  washing  with  cold  ether.  It 
melts  (or  solidifies)  at  101*6^.  By  heating  in  a  sealed  tul)e  with  alcoholic  potash,  it 
is  resolved  into  palmitic  acid  (solidifying  at  69*6^)  and  ammoniak 
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Tba  WMuypanitfi  which  BoulU^  obtained  by  1b«  aeiion  of  ftnuDonU  on  olive-oU 
prob&bly  eotuUted  chiftAr  of  oletmid*  (p.  192). 


A0SD.    C'*H**0«  « 


H 


*|0,      Ce^ftc 


ocMf,       Ethali^  add. 


Oiidic  odd,  (CheTronl,  BtcksrekeB  9W  Us  eorp» gras,  p.  69. — Bamfts  mid  Stai, 
Ann,  Ck  Phys.  [2]  lixiiL  lia^-^Varreotrap^*  Am.  Ch.  Pbann.  xaav.  209*— 
Fr^my,  tirid.'Txxrl  44.— 8 ten  house,  ihid,  xzxri  6a— L.  Bmith,  ibid.  zliL  241.— 
^tbamer  and  Meyer,  ibtd,  xiiiL  335.— H.  Sehwarx,  t^'^.  k.  69. — H«ints,  we 
niBireiiee*  already  given  iii  1069.— t,  Boek,  J.  pr.  Cbem.  xlix.  295. — Bisrlholoi, 
Ann.  Cb.  Phys.  [3]  xli  216,  432  ;  xItLl  297»— Maikely  ne,  ChonuSot  Qu.  J.  viii,  1. 
— Gtn.  xri.  360.— 0«rh.  ii.  795. ) 

Tliis  acid  u»  oniTervaUy  difltrtbtitcd  m  th«  iatii  of  the  animal  and  regeNt>le  kifigdoma, 
lioccun:  «.  CombiDed  wit^  ^  nn,  in  biige  quantities^  in  palm-oil  (Fr^my);  ia 
Chincao  tallow,  tha  fat  of  £r  Arn  (Mask^lyne);  inJupaD  W44x  iSthamer); 

ill  the  wax  of  Mvrico  vb:;  '>res), — ^>  Combined  with  ethal,  in  iipcrnUM!4='ti 

(L.  8 m i  th), — 7.  In  tlie  melisBin  of  beew-wiix,  aa  palmitate  of  moliBs^l,  C'*H*>( C  '•H*')0* 
{Brodie). — 6.  In  tb«  free  Male  id  partially  dfpcompoaed  fat%  especially'  in  pulm^oil^  ^ 

Cbemari  aitafi^aric  oci^,  whidi*  as  almidy  obterr^  (iiL  852),  if  a  mixtiire  of  pabnitio 
acid  with  10  p«tr  cent,  slaaric  acid,  is  Jormed  in  huge  quaotities  in  the  lapooificatioii 
of  spennaceti,  of  human,  jftgoar,  and  goose-fata^  and  of  dolphin  and  tnun  oihi  ;  in  small 
qOBOfcttyt  together  with  much  slearie  acid,  by  the  saponification  of  butter,  hog's  Lud, 
b«f«f-atifli,  and  mutton-^utt  The  other  varii*tiM  of  the  so-called  marg^uic  a<rid  also  eon- 
slit  of  palmitie  add  more  or  less  pure :  hence,  many  of  the  older  o&srvations  ittUlin|^ 
to  mai^garie  s^sid  really  apply  to  imlmitic  aoid. 

Formatym. — 1.  By  the  tmpotiitieatioa  of  palmittn,  spermaeeti,  and  melisain. — 2.  By 
Itf^ting  athal  (eetylie  hydrate)  with  potaah-iixne  (Dam as  and  St  as) : 

HjKlriite  M  P«liniutft  or 

escjl.  fyotAMiuin. 

3.  Together  with  acelle  acid,  by  melting  oleic  acid  (Y arrantrapp),  or  elaidic  acid 
(Meyer),  with  potassic  hydrate : 

L"»H»*0«     4-     2KH0       -       C^*H"»KO«     +     C'H'KO*     4-     H«. 

Oleic  kcmL  Palmtut*  of  Ac«lst«  or 

potutlun.  poUulttm. 

Oleie  add  apT>eo*a  also  to  be  oooTerted  into  palmitic  a^id  when  Jbtsor  fatty  substancea 
are  left  for  a  long  time  in  moist  earth,  or  in  other  moist  sitoations  excloded  from  the 
air,  the  &t  then  becoming  harder  and  mor»*  brittle.  When  castor-oil  is  distilled  with, 
excess  of  alkali  (iii.  144),  there  remains  in  the  rMidne,  together  with  aebacic  acid,  an  oily 
acid  which  on  standing  depoBit«  a  large  quantity  of  solid  fiit  haTing  the  melting  point 
and  composition  of  palmitic  acid. 

4.  Together  with  cetyleno,  by  the  dry  distillation  of  cetyltc  palmitate  (eetin) 
(L.  Smith): 

Cetln.  r*)mttlc  add.  Cetjlraii, 

PrtparatioTu  o.  From  Pu/m-oiV— Piilm*oil  is  saponified  with  caustic  potash ;  the 
soap  thus  obtained  \n  decomposed,  and  the  sepomted  &tty  aeid  is  purified  by  crystal- 
liaatJon  trom  alcohol  (Fr^my).  Stenhoase  disoolTes  the  six  or  eight  times  ery^tal- 
liaed  aeid  in  caustic  potash,  and  preeipitatea  it  with  an  acid.  Schwars  eiapontEetf 
palm-oil  with  caustic  potash,  diiiisolvee  the  soap  in  hot  alcohol,  allows  the  sola  lion  to 


'1° 


+    cm". 


cool,  and  purifies  the  Cfystalline  noduleH  which  fieparate,  by  mMNMUBd  erystalliration 

chHrco*il.     Th*^  CT)- stills,  wbrn  deeompoeed  by  I 
rhich  must  again  l»e  crystallised  fpjni  alcohoL 


fW>m  alcohol^  with  aid  of  auimHl  chHrco*il.  The  crj-srals,  wbrn  deeompoee'd  by  hydro- 
chloric acid,  yield  palmitic  Acid,  which  must  again  l»e  crystallised  fnjui  alcohoL 

$,  Pfwn  Japan  Wax.  —The  wajt  is  saponified  by  fusing  it  with  half  its  weight  of 
hydrate  of  potassium,  and  the  soap  is  dissolved  in  water  and  salted  out  The  sodu- 
soap  thus  formed  is  dissolved  in  warm  water  and  allowed  to  cool ;  it  is  then  [fn^ai^, 
again  di^solred  in  water,  and  the  solution  is  beut^e^l  lo  the  boiling  point,  and  decom- 
posed with  chloride  of  calcinm.  The  lime-soap,  after  being  wiished  and  dried,  is  freod 
Jttnn  tinsfipoDified  wax  by  means  of  ether,  and  decomposed  by  hjrdrochloric  acid.  The 
sepjimted  fatty  acid  is  crystallised,  first  from  alcohol,  afterwards  from  a  mixture  of 
alcohol  rmd  ether,  and  is  lastly  washed  with  cold  alcohol.      (Sthamer.) 

y.  From  Chinese  War^-^The  wax  ia  s^ipanified  with  alcoholic  potnsh  ;  the  alcohol 
is  distilled  oW,  after  atldition  of  water;  and  the  soap  is  decomposed  with  sulphuric  acid. 
I'hf  scparHt'6d  fatty  acid  is  then  strongly  pressed,  and  the  press-cake  is  moistened  with 
alcohol,  and  again  pressed  sereral  times.  The  remHtning  mass  is  erystaUised  from  hot 
alcohol  until  it  exhibits  the  melting  point  of  palmitic  acid     (Maskelyne.) 

*.  From  Ct^ffr-brans^—Tht'  iHjw^'ercd  beans  are  extracted  with  ether  containing 
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water,  and  the  ether  is  eTapomted ;  the  remainiug  yellow  bitter  fat  is  fireed  £rom  tlia 
various  acids  of  coffee,  and  from  caffeine,  bj  shaking  it  repeatedly  with  one-fifth  its 
Tolame  of  water  and  drawing  off  the  aqueous  layer  of  liquid,  and  is  afterwards  saponi- 
fied with  caustic  potash.  The  soap  is  salted  out^  dissolved  in  water,  and  decomposed 
by  dilute  sulphuric  acid ;  and  the  mixture  of  oleic  and  palmitic  acids  is  conTerted 
into  lead-salts  by  boiling  the  acids  with  carbonate  of  sodium,  dissolving  the  soda-soap 
in  alcohol,  and  precipitating  with  neutral  acetate  of  lead.  The  lead-salts  are  boiled 
with  alcohol,  which  dissolves  them  completely ;  but  on  cooling  and  partly  evaporatiiig 
the  solution,  the  palmitate  of  lead  separatee  in  the  form  of  a  white  powder,  whilst 
the  oleate  remains  in  solution.  The  former  is  collected,  washed  with  alconol  containing 
water,  and  decomposed  by  sulphydric  acid  under  ether-aloohoL  The  palmitic  add 
remaining  behind,  when  the  filtrate  is  evaporated,  is  obtained  with  a  melting  point 
of  58*5^  by  five  times  repeated  crystallisation.  (Bochleder,  Ann.  Ch.  Fharm. 
vil  228.) 

t.  From  Oleic  acid. — Oleic  acid  is  saponified  by  a  slight  excess  of  hydrate  of  po- 
tassium, with  addition  of  a  little  water ;  a  quantity  of  hydrate  of  potassium,  equal  to 
twice  the  weight  of  the  oleic  acid  is  then  added;  and  the  mixture  is  heated,  wiUi  con- 
stant stirring,  until  the  potash  is  melted,  too  great  a  heat  being  prevented  by  the 
occasional  addition  of  a  few  drops  of  water,  so  that  the  mass  may  not  blacken,  but  only 
assume  a  brown-yellow  colour.  As  soon  as  the  potash  is  melted,  and  hydrogen  ^  is 
evolved,  the  fire  is  removed,  and  the  mass  is  thrown  into  not  too  larse  a  qnantatT  of 
water,  when  the  soap  which  has  been  formed  separates  and  fioats  on  the  surface.  The 
soap  is  removed,  dissolved  several  times  in  water,  and  salted  out,  and  afterwards  de- 
composed by  dilute  hydrochloric  acid :  the  palmitic  acid  thus  separated  is  purified  by 
crystallisation  from  alcohol.    (Varrentrapp.) 

(.  From  Ethal. — Ethal,  mixed  with  five  or  six  parts  of  p>tash-lime,  is  heated  to  210® 
^220®  (263° — 275^,  according  to  Heintz),  in  a  metal-bath  for  five  or  six  hours,  or 
BO  long  as  hydrogen  i8  evulvea ;  the  residue  is  suspend* -J  in  water  ;  and  an  excess  of 
hydrochloric  acid  is  added,  whereby  the  palmitic  acid  is  separated  in  white  flocks. 
After  allowing  the  mixture  to  boil,  the  acid  is  washed,  then  boiled  for  half  an  hour 
with  excess  of  hydrate  of  barium,  and  evaporated  to  dryness.  The  ethal  remaining 
undecomposed  is  taken  up  by  ether ;  the  residue  is  decomposed  by  hot  hydrochloric 
acid ;  and  the  separated  acid  is  washed  and  dissolved  in  ether,  to  remove  traces  of 
undecomposed  barium-salt  (Dumas  and  St  as).  The  palmitic  acid  thus  obtained 
still  requires  to  be  freed  from  stearic,  myristic,  and  launc  acids,  which  are  produced 
at  the  same  time.    (Heintz.) 

The  fatty  acids  obtained  by  saponifying  fats,  or  by  heating  them  with  potash-lime, 
and  decomposing  the  soaps  (and  freed  from  oleic  acid  by  the  method  already  described, 
iii.  474),  admit  of  st^paration  into  twe  distinct  portions — inasmuch  as  when  they  are 
dissolved  in  hot  alcohol,  a  mixture  of  the  more  difficultly  fusible  acids  containing  a 
high  percentage  of  carbon,  especially  palmitic,  stearic,  and  likewise  arachidic  acid,  if 
present,  crystallises  out  on  cooling ; — and  by  pressing  the  crystals,  moistening  with 
alcohol,  and  a^ain  pressing,  they  muy  be  obtained  separatelv,  while  a  smaller  portion 
of  the  same  acids,  together  with  the  more  easily  fusible  mynstic  and  hmric  acids,  re- 
mains in  solution,  and  may  be  separated  by  methods  already  described  (iii.  474, 
1070). 

When  the  fats  contain  no  acids  with  a  higher  percentage  of  carbon  than  palmitic  acid, 
and  more  especially  no  stearic  or  arachidic  acid,  or  only  small  quantities  thereof  they  may 
be  crystalluted  from  alcohol  until  the  crystals  melt  at  62°,  and  are  then  to  be  examined 
as  to  their  purity  by  the  method  given  at  p.  1070,  vol.  iii  In  the  contrary  case,  the  whole 
of  the  acids  are  dissolved  in  such  a  quantity  of  alcohol,  that  nothing  ciystalliaes  out  on 
cooling ;  the  solution  is  precipitated  two  or  three  times  with  a  quantity  of  acetate  of 
magnesium  equal  to  about  j^^th  of  the  fatty  acids ;  and  the  successive  precipitates 
are  separated  by  filtering  and  pressing.  These  precipitates  contain  the  whole  of  the 
stearic  acid,  provided  the  fat  does  not  contain  too  large  a  quantity  of  it,  together 
with  a  relatively  small  quantity  of  palmitic  aciii.  The  mother-fiquors,  dilated  with  a 
large  quantity  of  hot  water,  and  left  to  cool,  deposit  the  palmitic  acid,  which  is  col- 
lected, examined  as  to  its  purity,  and  purified  either  by  rt^crystallisation  from  alcohol, 
or  by  again  precipitating  it  with  small  portions  of  acetate  of  magnesium  (Heintz) 
In  a  later  process  Heintz  precipitates  the  sodium-salt^  instead  of  the  alcoholic  acid, 
with  acetate  of  magnesium,  in  the  manner  above  describod. 

For  the  older  methods  of  preparation,  whereby  the  so-called  margaric  acid  was 
obtained,  together  with  stearic  and  oleic  acids,  see  Gvuiin'a  Handbook^  xvL  35d. 

Properties, — Palmitic  acid  is  a  colourless  solid  body  without  taste  or  smell,  lighter 
than  water.  It  is  insoluble  in  toattr^  but  dissolves  abundantly  in  boiling  alcokU  or 
ither.  The  solutions  are  acid,  and  when  concentrated,  solidify  in  a  ma^s  on  cooling. 
When  dilute  they  yield  the  acid  in  tufts  of  slender  needles.    It  melts  at  62°  and 
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iolidiflfis  on  cooling  is  a  idam  of  «Mniiig  nA<?rBou»  kmlnse.  Aoecndiflf  to  Frlmy, 
Mlmitlc  acid  which  hat  hmn  heatdd  ta  250^,  crjitAUiM»  ^m  aIcoIioI  In  imaU  Tefj 
Lird  cr/stftla. 

Palmitic  acid  m&jT  be  melted  togHber  with  iaurie  and  mtjrtMti^  acidi.  In  oertAln 
proportiuiu  the  mixtures  aie  sot  Mpaniblo  hj  crytit^iliittatiuu  from  alcohol  of  ether : 
they  exhibit  the  foUowiiig  ehancten  on  melting  and  soUdi^piig  (U  e  i  n  tt) : 
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1       46-30 

Crystalline  walea. 

Sca)e§   with  slight  admixtnfo  oli 

needles. 
Very  delicate  needles. 
Uneren,  uncrystallised. 
Lai^  laminae. 
IndistioctJy  lamellar. 
UncryBtaUised^  cpatjui^. 

H                                     tf 

UacrystalUued. 
Long  needles. 

A  mixture  of  30  per  cent  myristio  and  70  per  Cent,  lauric  acid  melta  at  36' lO; 
and  when  to  20  ports  of  this  mixture,  firom  1  to  100  partj  palmitic  acid  are  added,  the 
meIting-t>oint8  of  the  resnlting  mixtures  ore  altered,  according  to  Heintz^  as  fullowa:  — 
On  additioQ  of, 
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The  mixtnrea  with  9  and  10  parts  palmiilc  acid  floHdify  in  delicate  needier,  tha 
others  uncryatalHsed.    (Heinta.) 

For  the  mode  of  solidifying  of  mixtures  of  palmitic  and  stearic  addti  Me  Srma&io 
Acid, 

The  composition  of  palmitic  acid  is  as  follows : 

CaJcmiattQH.  Frttny.  Steiihouie.  Schw«fi.  Sihamer.    VerreB.      Brodle.  Heini«, 
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Palmitic  acid  heated  in  a  dish  boik  and  eraporat^s  without  r««iduc  (Dumas  unri! 
Sta«).     On  distillation  it  pasties  orer  almost  entirely  unchanged,  giring  off  only  n 
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little  oil  (Fr^my),  and  learing  a  slightly  coloured  residue,  which  melts  tst  7S^,  and 
piobably  consist*  of  palmitone  (Maskelyne) ;  the  melting  point  of  the  dSstilliite  ii 
lowered  from  58°  to  67°,  and  the  percentage  of  carbon  somewhat  inereaeed  (Sehwara), 
but  after  reciystallisaHon,  the  acid  remain*  unaltered.    (Fr^my.) 

When  gently  heated  in  contact  with  the  air,  it  is  but  slightly  altered,  but  at  hlfl^ 
temperatures  it  takes  fire  and  bums  with  a  bright  smoW  flame  like  other  UStB.  It 
absorbs  o^one  but  slowly,  even  in  presence  of  an  alkali,  much  of  the  acid  remaining  un- 
altered even  after  exposure  for  several  weeks  to  ozonised  air.  Carbonic  acid  is  fcnroed 
by  the  oxidation,  but  no  other  acid.   (Gorup-Besanes.  Ann.  CIl  Fharm.  cxxr.  215.) 

Palmitic  add  is  not  attacked  by  chlorine  at  ordinary  temperatures,  but  at  100^ 
hydrochloric  is  evolved  and  oily  sul^titution-products  are  formed. — ^Distilled  witk  lime, 
either  anhydrous  or  hydrated,  it  yields  palmitone  and  carbonate  of  calHnm  (Piria. 
Maskelyne.) 

2C"H"0«  «  C"H«H)  +  CX>«  +  H»0 
It  is  not  altered  by  heating  to  275°  with  poUuk4ime  in  a  closed  vessel ;  if  air  be  ad- 
mitted, a  little  butyric  add  is  formed,  with  separation  of  charcoal,  but  the  greater  rauct 
of  the  palmitic  acid  remains  unaltered  (Heintz).  When  palmitic  add  is  hMit€id  to 
low  redness  with  excess  of  potash-lime,  gaseous  and  liquid  oletfnes  are  piodaced. 
(Ca hours,  Compt.  rend.  zzxi.  142.) 

Palmitic  acid  heated  with  eUcakola  form  compotmd  etbera. 

Palmitates.  The  formula  of  the  neutral  palmitates  is  C'H^MO*  (or  periiaps, 
C«H«M  W)  for  monatomic,  and  C"H«M*0«  for  diatomic  metals.  The  a^kafi-metals 
also  form  acid  jmlmij^tes  jinalogoua  to  the  acid_acetate8,  butyrates,  Ac,  faaThtttlie 


composition  C'*H«MO«.C'«H«0»  or  rather  C«H"MO*,  the  adds  of  tiie  i 
bdng  most  probably  dibasic.  The  neutral  palmitates  of  potassium  and  aodinm  ai« 
soluble  in  water  and  in  alcohol ;  all  the  rest  are  insoluble.  The  ina(4uble  neotnl 
palmitates  are  obtained  by  precipitating  the  solutions  of  the  corresponding  metaTIfe  aalts 
with  an  alcoholic  solution  of  palmitate  of  potassium  or  sodium. 

An  acid  pal  mUrtte  of  ammonium,  probably  C^H*'(NH*)0\  is  deposited  from  solntions 
of  palmitic  add  even  in  a  large  excess  of  ammonia ;  it  is  insoluble  in  cold  water.  (F  r  A  my. ) 

Potassiutn-salta.  The  neutral  salt,  C*'H"KO*,  obtained  by  melting  palmitie 
add  with  carbonate  of  potassium  and  exhausting  with  boiling  alcohol,  dyBtallisas  from 
the  alcoholic  solution  in  white  pearly  scales,  fusible  without  decomposition  or  loas  of 
weight.  It  dissolves  in  a  small  quantity  of  water,  but  is  decomposed  by  a  lazga 
quantity;  perfectly  soluble  in  alcohol,  insoluble  in  ether. — The  acid  salt,  C"*H**KO*,  is 
precipitated  on  mixing  a  solution  of  1  pt.  of  the  neutral  salt  in  20  pts.  boiling  water 
with  1000  pts.  cold  water.  By  dissolving  the  dried  precipitate  in  boiling  alcohol,  and 
leaving  the  solution  to  cool,  the  add  salt  is  obtains  in  small  pearly  scales.  Water 
added  to  the  alcoholic  solution  predpitates  a  more  highly  aad  salt  (CheTreul). 
Schwarz,  by  saponifying  palm-oil  with  potash,  and  oystaUismg  the  soap  ftom  alcohol, 
obtained  an  acid  potassic  palmitate  in  nodules  which  melted  at  100°. 

Sodium-salts.  The  neutral  salt,  C*'H"NaO*,  prepared  like  myristate  of  sodium 
(ill  1072),  forms  broad  pearly  laaiine  more  easily  decomposed  by  water  than  the 
potassium-salt  (Dumas  and  S  t  a  s).  According  to  Heintz,  it  separates  from  aleobolie 
solution  in  the  form  of  a  jelly,  which,  on  standing  with  a  sufllcient  quabtitj  of  aleohol, 
changes  to  colourless  laminae.  The  acid  salt,  C^**NaO*,  obtained  by  dissolvblft  tho 
neutral  salt  in  1500  pts.  hot  water  and  leaving  the  solution  to  cool,  is  white,  tagtSeas, 
more  fusible  than  the  neutral  salt,  insoluble  in  water,  easily  soluble  in  hot  aloohoL 
(Chevreul.) 

The  barium- salt,  G^H''Ba'*0*.  is  a  white,  pearly,  crystalline  powder,  which deoom- 
poses  before  melting.  The  magnesium-salt,  CF^E^^SS^O*,  is  a  snow-whitp,  loose 
crystalline  precipitate,  which  dissolves  in  boiling  alcohol,  and  crystallises  almost  com- 
pletely on  cooling,  in  microscopic  rectangular  laminae. 

The  copper-salt,  C*'H*'Cu''0*,  is  a  pale  m-een-blue,  very  loose  powder,  eompoaad 
of  microscopic  laminas.  It  melts,  when  heated,  to  a  green  liquid  which  i^ndly  decom- 
poses. The  lead-salt,  C'*H**Pb''0*,  forms  snow-white  microscopic  scales,  wfajoh 
melt  at  108°  (Maskelyne),  between  110°  and  112°  (H e in ts),  and  solidify  to  a  white 
opaque  amorphous  mass.  By  heating  this  salt  or  the  add  with  basic  acetate  of  lead, 
bade  palmitates  of  lead  are  obtained.  The  silver-salt,  C**H"AgO*,  is  thrown  down 
from  cold  solutions  as  a  somewhat  gelatinous  precipitate,  which  is  blackened  by  light  in 
the  moist,  but  not  in  the  dry  state  (Varrentrapp).  It  appears  amorphous  erren 
when  highly  magnified  (Heintz).  It  dissolves  slightly  in  water  (Varrentrapp). 
From  a  solution  in  warm  aqueous  ammonia  it  separates  in  indistinct  scales,     (v.  Borck.) 

PAXMOrrzo  BTHBU.  o.  Containing  the  alcoholic-radides  OH*^'. — dfetk" 
ylic  Pahnitate,  C"H«'0«  -  C'«H»'(CH«)0«,  obtained  by  heating  pabnitie  arid  with 
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initthjlie  iilcx>hol  in  a  MfOed  tub«  to  200°— 260°,  fornii  erystiik  vliich  mdi  at  28^  and 
mhdify  at  22**,    (B«rth6lot) 

FJhytic  Pittmiiatt,  PalmHc  or  Etkaiie  ether,  C»"H»K)«  -  C'«IF'(CH»)0»,  is 
obtidac^  br  pnMiDg  hYdrochloric  add  gti  mto  a  saturated  alcoholic  siolatioo  of 
palmiticieid  (Ffimy.  Heintz);  abo  bj  halting  paJmitio  acid  with  wthjlic  alcohol 
to  20CP— 250<^,  or  with  Hhylic  etherto  360°  (Bert helot).  It  ciystaHLses  in  prisois, 
metis  lit  24 '2"^,  und  solidifl^s  in  a  foliated  ciafiMon  <^>o1Liig,  When  efystaUiied  nrom  an 
atcuholie  KiJutiun  at  6^  to  10^,  it  forma  long  ftattcned  necdlea; 

AmyticPalmiiatf,C*m**0*  -  C>'H*'(C*H")0*  if  obtained  bfaiinOarproeetatffl; 
jil*o  when  paJmitin  ia  boiled  with  amy  lie  alcohol  containing  amylate  of  aodium  (Buffr, 
Chf*m.  Soc  Qa.  J,  y.  314),  It  ia  aoft^  non-eiTstaltinei  and  melta  at  9^(Bertbelot}; 
at  13  6=*,     (Dnffy.) 

Cttylic  Palmitate,  C«H*'0«  ^  C'*H"(C»«H")0*,  conaUttitea  the  principal  part 
mf  the  ioMd  portion  (eeltn)  of  apermacetL 

Myrt'eylie  Palmitate,  C**H*»0«  ^  C"H'»<C*H")0»  ia  contained  in  conaideiabte 
qnajitity  in  the  portion  of  beea^wox  which  ia  inaolubU  in  boiling  alcchi>l  (see  MTancuff 
ui,  I0fl»). 

^.  PALMiTATia  OF  Oltoibyl  ot  PALViTiirfl.  Palmitic  acid  forma  threa 
oomponnda  with  glycerin: 

Monopalmitin,  C"fl*0*  =*   « J q ,^i ,q > CH,  ia  obtained  by  beating  a  mixture  of 

glycerin  and  palmitic  add  to  200°  for  24  houra.  It  forma  radiating  oolourleia  priaaa, 
meltfl  at  68°,  and  diatila  in  the  barometric  Tacuuni  without  oltemtdon.  Heated  in  con^ 
tiu-t  with  the  air,  it  jiclda  acrolein.  It  dieaolrtts  readily  in  ether.  It  is  saponified  by 
oxide  of  lead,  yielding  glycerin  and  palmitle  addL 

DipalmiliHt  (>*H*H)*  —  HfC''H"0>»l^**  ^*  pw>d^i«^  ^7  heated  palmitic  add 
and  glycerin  together  to  100*^  for  1 4  bonn.  It  forma  colourlcaa  tables  or  needles,  which 
melt  at  60°,  yit^d  acroletn  when  heated  in  the  air,  and  bom  withoot  residue.  It  is 
rapidly  saponified  by  oxide  of  lead  at  100^. 

Tripalmitin^  C*'H'*0*  -  ^C**H*»OV*V*^**  ^  obtained  by  heating  a  nuxtnre  of 
1  pi.  moiKipaliiittin  and  10  pta  palmitic  add  to  260°  for  28  honrs.  It  ia  solid,  melts  at 
e6°t  tolidiilQB  at  4$Pt  and  la  saponified  by  oxidf>  of  lpa«I 

N^tw^  pidmitm,  occnrnng  in  the  fata  which  yi^ld  palmitic  (or  mas^gaiie)  aeid» 
by  saponiBcation,  ia  iaomeric.  if  not  identical,  with  tripalmitin.  It  it  eiyftalliiabtc, 
sparingly  soluble  in  alcohol,  and  dissolves  in  all  proportions  in  eth«r.  Acoording  to 
Iluffy  {he,  dt.\  it  «ahibit«  thre«*  distinct  mehing  pointa,  via.  460»  61*7*  and  fi'l'SP, 
corresponding  to  three  di^rent  phyaical  roodiUcationa  (see  GLYcaamis,  ii.  879).  It 
aoUdifiea  at  46*^. 

Palaufin  exists  in  palm'^nl^  Japan  wax  (Sthamer),  human  (lit  (Heintz\  and 
coffee-berries  ( R  o  c  h  1  e  d  e  r ).  It  is  extracted  from  palm-oil  by  pr^sttire^  and  the  residue 
IS  washed  with  boiling  alcohol,  and  crystallised  several  times  irom  ether, 

PauwTATa    or   Maxkito-      DipQlmito-mannitan^    ManniU  mono^poimiiique^ 


7- 


(CH-r-  ) 
-  {C"H«o)no*. 


To  prepare  this  compound,  palmitic  add  ia  heated  with 


mannite  in  a  sealed  tube  to  120*^  for  15  to  29  bonrs,  and  the  fatty  layer  which  floats  on 
the  Borface  and  aoUdiflc^  on  cooling,  ia  melted  in  a  water-bath,  mixed  with  a  little 
ether  and  with  excess  of  slaked  lime,  heated  for  10  minatos  to  100^,  and  then  ex- 
hftUBtfd  with  ether.  If  the  product  obtained  by  cTaporating  the  ether<^al  solution 
reddens  litmus,  in  moat  be  once  mar«  treatf^d  with  ether  and  lime, 

Mannitic  palmitate  ia  a  solid,  whitei,  neutral  mass,  resembling  palmitin,  and  separat- 
ing from  *'thf  r  in  microacopic  cryatahk  It  melts  to  a  wax  when  heated  on  platinum- 
fyQ,  and  volatilisea  almost  undecomposed,  charring  only  towards  the  end  ;  the  residue 
bums  away.  Water,  at  240°,  decomposeft  it  in  a  few  hours  into  mannitan  and  palmitic 
acid.  Insoluble  in  water,  soluble  in  ether.  (Berth elot^  Ann.  Ch.  Phys.  [3]  xlm 
323.) 


PA^HCZTO; 


See  Pauiitatbs  or  Gltctbhti.  (p*  S34), 

C»*H-0     -.     ^t^il^l  JaUdAwM.  (Piri^OompCr«id.mdT. 

HO;  Maskclyne,  Chem.  Soc,  Qu.  J.  Tiii,  I.) — The  acetone  or  ketone  of  palmitic 
acid.  It  wa>  first  obtained  by  Bubs y,  who  called  it  margarontj  but  his  product  waii 
probably  mixed  with  stearone.  To  prepare  it,  palmitic  tidd  ia  distilled  with  exceaa  of 
slaked  lime  (Piria),  or  with  one-fourth  of  its  weight  of  quickltme(Maske]yne%and 
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the  product  is  purified  by  repeated  crystallisation  from  boiling  alcohoL  It  fanoB  small, 
white,  pearly  scales  or  laminae ;  melts  at  84°,  and  solidifies  at  80^  to  a  hij^j  eleetrie 
mass  (Maskeljne).  It  dissolves  in  alcohol^  with  greater  ikcility  aa  the  alcohol  ia 
stronger  (P i r i a).    Easily  soluble  in  benzene.    (Maskelyne.) 

It  resists  the  action  of  nitric  acid  and  of  pot<uh-le^,  but  is  attacked  and  blackened  by 
nitrosulphuric  o^^'t^  (Maskelyne).  It  does  not  unite  with  acid  svijpkiUs  of  aliaU^ 
meiala.    (Limpricht,  Ann.  Fharm.  xciv.  246.) 

PA&MXTOmc  ACZB.  An  add  of  doubtful  composition,  said  by  Schwars 
(Ann.  Ch.  Pharm.  Ix.  58)  to  be  produced  when  palmitic  acid  is  kept  in  a  state  of  fitrino 
for  a  long  time  in  contact  with  me  air.  Schwarz  supposes  that  under  these  dzcnm- 
stances  a  portion  of  the  carbon  and  hydrogen  of  the  palmitic  acid  is  remored  by 
oxidation,  and  an  acid  is  left  having  the  composition  C*^IP^O*  or  C"H**0*.  (For  a 
description  of  this  supposed  acid  and  its  salts,  see  Handworterbtich  d.  Chem,  yL  86.) 

PAXJaXTT&.  C*'H*>0.— The  hypothetical  radicle  of  palmitic  acid  and  its  de- 
rivatives.    The  same  term  is  sometimes,  but  improperly  appUed  to  oetyl,  C^'H**. 

PA&M-OX&  or  PA&M-BXrrTSK.  This  fat^  which  in  the  fresh  state  eoiisis!s 
mainly  of  tripalmitin  with  a  small  quantity  of  olein,  is  obtained  from  the  fruit  of  certain 
kinds  of  palm,  Cocos  hutyracfa  according  to  some  authorities,  Avaira  eUns  according  to 
others ;  it  is  imported  from  Cayenne  and  the  coast  of  Guinea.  It  has  the  eonaistenoa 
of  butter,  an  orange  colour,  and  an  odour  somewhat  like  that  of  violets.  The  fresh  oil 
molts  at  27°,  but  as  it  gets  stale,  the  melting  point  rises  to  31^  and  even  to  36-^,  in 
iviriKcquence  of  the  resolution  of  the  neutral  fats  into  glycerin  and  fatty  acida.  Old 
palm -oil  usually  contains  a  considerable  quantity  of  froe  palmitie  add,  the  .decom- 
position being  induced,  according  to  Pelouze  and  Boudet^  by  the  presence  of  a 
peculiar  ferment.  It  gives  o£f  acid  vapours  when  heated  to  140°  and  above^  and  at 
300°  it  boils,  emitting  the  odour  of  acrolein,  and  yielding  a  distillate  of  iat^  adds 
(Pohl).  It  dissolves  in  strong  sulphuric  acid,  and  the  solution  on  standing  amwits 
palmitic  acid  (Fr^my).  It  dissolves  slowly  and  incompletely  in  cold  alcc^o^  but 
mixes  in  all  proportions  with  ether ;  dissolves  in  oil  of  turpentine  and  oil  of  almonds^ 
with  separation  of  flocculent  matters.  (Guibourt^  J.  Chim.  mkL  i  177. — Henry, 
J.  Pharm.  U.  241.) 

Palm-oil  is  extensively  used  in  the  manufacture  of  soap  and  candles,  also^  mixed 
with  tallow  and  a  certain  portion  of  caustic  soda,  for  making  railway  grease  (see 
Richardson  and  Watts' a  Chemical  Technology,  voL  i.  pt  3,  p.  742).  For  thelatter 
purpose  the  crude  yellow  oil  is  used,  but  for  soap  and  candle  making  the  colour  most 
be  removed.  The  bleaching  may  be  effected  by  various  processes,  via. :  by  the  action 
of  chloride  of  lime,  of  oxygen  derived  from  peroxide  of  manganese  and  snlphnric  add, 
or  from  bichromate  of  potash  and  sulphuric  add ; — by  heating  the  oil  in  a  dose  vessel 
to  110°  C.  (230°  F.)  by  means  of  high-pressure  steam;  or  to  100°  G.  (212°  F.)in  open 
vessels,  so  that  it  mav  be  exposed  to  the  action  of  air  and  light.  This  last  is  the  most 
economical  of  all  methods  of  bleaching  palm-^  and  has  almost  entirely  snperaeded  the 
othexs.    It  is  carried  out  as  follows : 

^  Several  very  large  square  or  flat  boxes  or  dstems  are  prepared,  either  constnieted 
simply  of  wood,  or  better,  lined  with  lead.  These  boxes,  whieh  are  twelve  inches  deep, 
and  are  furnished  at  the  bottom  with  a  serpentine  leaden  tube  in  connection  with  a 
steam-boiler,  must  be  so  situated  as  to  admit  of  the  free  access  of  air  and  lights  After 
they  have  been  filled  up  to  the  height  of  eight  inches  with  water,  palm-oil  is  inttodnced 
in  sufficient  quantity  to  form  a  layer  two  inches  deep  after  bdng  melted  by  the 
admission  of  the  steam,  the  current  of  which  must  be  regulated  so  as  to  alrofd  a 
uniform  temperature  of  100°.  At  the  expiration  of  ten  or  fifteen  hours,  the  coloor  is 
destroyed,  the  length  of  time  required  depending  very  much  on  the  power  of  the  sun's 
rays.  Palm-oil  might  perha^  be  advantageously  bleached  by  the  tropical  snn  of 
Africa,  before  its  importation  into  Europe.  The  bleaching  may  also  be  accelerated  by 
blowing  air  through  the  melted  oil.  The  method  of  bleaching  with  chromate  of  jpoCas- 
sium  and  sulphuric  add  is  more  expeditious  than  that  just  described,  but  it  u  also 
much  more  expensive.  The  oil,  even  after  being  subjectsd  to  the  most  efifeetiTe  pco- 
cess  of  bleaching,  still  retains  a  slight  yellowish  hue,  but  this  colour  is  no  longer  per- 
ceptible in  the  soap  made  from  it.  (For  further  details  see  Chemical  Teehnoiogy,  fm  i 
pt.  2,  p.  410 ;  also,  Ure^s  Dictionary  of  Arts,  &c.,  p.  iiL  290.) 


The  juice  of  various  kinds  of  palm  yields  a  saccharine  matter 
from  which  cane-sugar  may  be  extracted.  In  Java,  a  black  very  hygrosconic  sugar  is 
obtained  from  the  juice  of  Arenga  saccharifera  and  of  Saguerus  RumphU,  Berths]  ot, 
(Compt.  rend.  xlvi.  1276)  has  extracted  cane-sugar  from  the  latter.  The  so-called 
Inpar  or  Lontar  sugar  of  India  is  prepared  from  the  flowsr-stalks  of  Bora8su»JlaMlif(Br; 
it  IS  likewise  hygroscopic,  and  is  said  to  be  puigative  when  taken  in  large  quantity. 
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F AI»M-'WilJC«     O  ra  df  AjArta.-^Thi*  wai  i»  the  produee  ot  Cerorfffon  an^/zVo/o, 

I  BprrTcs  of  pilm  indtgenouH  in  th<*  rpopical  region§  of  Ammca*     The  entire  fttem  of 

fihc  tn'e,  which  is  two  fwt  thick  and  fiftj  feet  high^  ij  covered  with  » layer  of  wax; 

[tbifl  iff  remoTed  bj  ecmpiiig,  und  purified  with  hot  water,  in  which  it  does  uot  meU, 

L  but  eoUfictK  in  ii  eofl  stute  on  the  «tirfMjce.     It  is  mixed  with  a  little  tallow  to  render  it 

less  brittle,  and  fomi«^^l  into  balhi,  in  which  at&te  it  ia  aent  Into  commerce ;  it  ia  u^d  io 

South  America  for  making  cundlee. 

Palm  wax  unmixid  with  tallaw  is  dark  yellow,  somewhat  tituialuc«nt,  and  has  a 
eoaeboulal  fractal^  It  becomea  stronglj  eUvtric  bj  friction,  melts  at  a  tempemturo 
iomewhat  abore  thn  boiling  point  of  waiter,  and  tAkea  fire  at  a  nomewhat  higher  tem- 
pr'mture,  burning  with  a  bright  amokj  flame.  It  disaolrea  gradually  but  completely 
ill  eau>tic  alkalia.  It  ia  likewise  soluble  in  ether^  and  the  solution  when  left  to  evapo> 
tAie  depoiits  the  wax  in  cryatala  raaembling  carbonat«  of  sodium.  Hot  aleobol  reaolvea 
it  into  two  diatinct  aubataocea,  a  true  wax  and  a  reaiu.  The  former  separut^a  aa  a 
jelly  from  the  cooling  alcoholic  aolutioDt  aod  may  be  ft*ed  from  adhering  resin  by  w^ 
peated  loiution  in  Alcohol  It  then  melta  below  the  boiling  point  of  wat«r,  and  closely 
lesemblee  becft-wax  ia  colour,  and  alao  in  composition,  aa  aeen  by  the  following  com- 
puiaoQ: 

Patm-WoM. 
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The  reain,  called  ceroxyliti,  ia  obtained  by  evaporating  the  a]i!oholic  liquor  from 
which  the  jelly  has  been  dopoaited,  fint  to  two-thizda,  whereupon  a  little  more  wax 
•eparatea  m>m  it,  then  to  one'lourtb,  when  tho  resin  aeparat^a  aa  a  ahining  crystal  I  iti4« 
maaa  cootaiaing  83  4  per  cent,  carbon,  ll'fi  hjdrogen,  and  6*1  oxygen,  agreeing  with 
the  formula  C^'^Oi  which  is  alao  that  of  elemi-reain.  Its  melting  point  is  above 
100^.  In  the  f^iaed  state  it  has  the  colour  of  amber,  and  splits  in  all  directions  aa  it 
cools.     It  ia  soluble  in  ether  and  in  volatile  oils. 

Wax  ii  likewise  obtained  from  some  other  species  of  palm.  The  l**ave8  of  the 
Camauba  palm  {Carypha  ctrifrra),  a  native  of  northern  Braail,  are  coated  with  a  thin 
layrr  of  wax,  which  peels  off  as  they  dry.  It  is  very  brittle,  easily  putrerised,  melta 
at  8 3 '5^,  diasolvee  in  boiling  alcohol  and  ether,  and  s^Daratea  aa  a  crystalline  maea  on 
cooling.     Lewy  found  in  it  80"4  per  cent  carbon^  13*1  hydrogen,  and  6*6  oxygen. 

According  to  Teschemacher.  considerable  qnantitiea  of  palm-leavca,  probably  of 
the  dwarf  palm  (Ckamaropf  kttmilh)^  are  imported  into  the  United  8tat^  from  CubA 
and  the  other  We«t  Indian  ialands,  for  the  use  of  hattera.  These  leaves  are  alao  cooled 
with  a  thin  layer  of  wax.  Tesebemacher  obtained  fmm  a  single  leaf,  by  scraping  with 
the  linger,  00  grxina  of  white  pulverulent  wax*  and  by  exhauation  with  alcohol,  300 
grains  more  of  a  somewhat  grej  colour.  Thin  wax,  when  treatad  with  a  small  quantity 
of  alcohol,  is  resoWcd  into  two  unequally  soluble  oonatitu«nta» 

9 AZJiK-^irZirBi  An  alcobohc  beverage,  ]prepared  hy  fermentation  of  the  saecha- 
line  juice  of  certAiu  palms.  In  Amboina,  tne  juice  at  Arenga  sacekari/trt  is  used  for 
this  pnrposo.  Palm-wine  ia  likewise  obtained  fifom  Sa^ts  rapMn^  Mauri tia  mni/era, 
PkoehLx  da£iyliffTa^  Cocos  nucifcra,  and  others.  In  South  America  an  intoxicating 
drink,  called  Fuiga  or  Ihdque^  is  prepared  from  the  juice  of  Fout^rma  aderata, 

Svn.  with  TxTBXnxnnrrB. 


A  clear,  roty,  colourleaa  fluid,  free  ftom  special  mor* 
jorticular  oclour,  with  a  distinct! v  alkaline  r^aetioii* 


phologioal  constituents,  of  no  particular  odour,  with  a  distinctly  alkaline  ryeaetioii, 
flowing  from  thf*  pancreas  into  the  upper  part  of  the  duodenum,  and  of  great  use  in 
digestion.  The  qo&ntity  socreted  dunng  a  given  time  varies  exceedingly,  and  depends 
maliilj  no  ths  unonnt  of  food  present  in  the  aliment&ry  canal.  The  percentage  of 
total  solids  also  varies  greatly  (from  2  3 — 9*9  for  doga) ;  in  general,  the  denstt?  of  the 
liquid  is  in  inverse  ratio  to  tJie  rapidity  with  which  it  ia  secreted  Pancreatic  juice 
decomposes  very  speedily  at  the  oi^iinary  temperature,  and  then  becomes  rose-coloured 
on  the  addition  of  chlorine  ;  a  reaction  which  is  lost  at  a  latf'r  stage  of  decoropositbn. 

In  the  case  in  which  the  total  ^lids  amounted  to  9924  per  cent.,  the  siuts  were 
'886  pe^r  cent.,  and  cousiated  chiefly  of  chloride  of  sodium  (-736  per  cenL)^  sulphates 
of  BonJum  and  potassium,  phosphates  of  sodinm,  calcium  and  magnesium,  and  csfbonate 
of  calcium,  with  traces  of  iron. 

The  greater  part  of  the  organic  matter  may  be  thrown  down  by  alcohol  as  a  whift* 
fl;iky  precipitate,  which,  when  separated  by  Cltration  and  dried,  is  easily  redissolvi^l 
ill  water      Heat  (72°'),  minenil  acids,  tannin,  &c.,   also  produce  precipitates.     Th^ 

Vol.  n^  Z 
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aqueous  solution  of  the  aloohol-predpitate  exhibits  all  the  powers  of  the  original  se- 
cretion, and  has  been  called  Pan  cr  eat  in.  It  is  probably,  however,  a  matxae, 
consisting  principally  of  some  protein-substance  allied  to  casein.  Cohnheiai  hiM 
separated  &om  it  a  bo^y,  lacking  protein  charactATB,  but  conyerting  starch  into  raffar 
with  great  energy,  and  DanilewskT  (Vircb.  Arch.  xzv.  279)  attempts  to  abam  tba 
existence  of  three  special  "ferments.*  He  makes  a  pancxeatie  iniiision  by  mbbing  np 
with  sand  and  cold  water  the  pancreas  of  a  dog  killed  six  horns  afber  a  Moal,  and 
filtering ;  the  filtrate  acts  on  starch,  albumin,  and  fata.  Msgnesia  is  added  in  eoccess, 
and  the  fluid  sgain  filtered ;  the  filtrate  acts  on  starch  and  albumin,  but  not  at  all  on 
fat.  To  this  second  filtrate  is  carefully  added  one-third  its  ToLime  of  eoUodion,  and 
the  mixture  is  well  shaken,  the  ether  being  allowed  to  eyaporate.  The  precipitate, 
which  is  ffranular  and  not  lumpy  if  the  experiment  has  been  well  performed,  is  sepaimted 
by  filtratiOD.  The  new  filtrate  acts  upon  starch,  but  not  on  albumin.  The  precipitate 
is  washed  with  spirit,  treated  with  a  mixture  of  aleohol  and  ether,  and  filtered.  The 
undissolred  portion  is  washed  with  ether,  dissolved  in  water,  and  again  filtered.  The 
filtrate,  which  gives  no  decided  protein  reaction,  has  no  action  on  starch ;  bot^  when 
possessing  a  feebly  alkaline  reaction,  readily  dissolves  fibrin.  Pancreatic  jnice  also 
contains  extractive  matters,  and  some  fat.  Leucine,  in  company  with  tyrosine^  in 
found  abundantly  in  the  substance  of  the  gland,  and  has  also  been  detected  in  the 
secretion.  M.  F. 


C»H«NO*.    (e.  Merck  [18601,  Ann.  Ch.  Pharm.  Ixvi.  125 ; 

Ixxiii.  60.— Anderson,  ibid.  xciv.  216;  alw)  Edinb.  Phil.  Trans,  xxi.  Pt.  1.)— An 
alkaloid  existing  in  opium.  It  may  be  obtained  by  precipitating  the  aqueona  (sxtract 
of  opium  with  soda;  treating  the  precipitate,  which  consists  for  the  most  put  of 
morphine,  with  alcohol ;  evaporating  the  brown  tincture ;  treating  the  residue  with  a 
dilut-e  acid;  and  precipitating  the  filtered  solution  with  ammonia.  A  Ivown  resinous 
matter  is  thereby  thrown  down,  containing  a  considerable  quantity  of  papaverine;  and 
on  dissolving  this  resin  in  dilute  hydrochloric  acid,  adding  acetate  of  potassium,  which 
precipitates  a  dark  coloured  resin,  washing  this  precipitate  with  water,  treating  it  with 
boiling  ether  and  leaving  the  ethereal  extract  to  cool,  papaverine  separates  in  the 
crystalline  form.     (Merck.) 

A  simpler  method  is  to  dry  the  resin  precipitated  by  ammonia  on  the  water^bath,  and 
mix  it  with  an  equal  weight  of  alcohol,  whereby  an  unctuous  mass  is  formed,  which 
solidifies  after  a  while  in  a  crystalline  magma;  press  this  product;  reciystallise  it 
fW>m  alcohol ;  and  decolorise  it  with  animal  charcoal.  The  papaverine  thus  obtained 
still  contains  narcotine,  to  separate  which  it  is  treated  with  hydrochloric  acid  and 
crystallised,  and  thereupon  the  hydrochlorate  of  papaverine,  being  sparingly  soluble  and 
easily  crystallisable,  separates,  and  the  whole  of  the  narcotine  may  be  eztnoted  by 
cold  water.     (Merck.) 

Anderson  prepares  papaverine  from  the  mother-liquor  of  the  preparation  of  narcotine. 
(See  Opimc.  p.  209.) 

Papaverine  crystallises  from  alcohol  in  colourless  acicular  cxTstala  eonftiaedly 
grouped.  It  is  insoluble  in  water,  sparingly  soluble  in  ftker  and  aloohol  at  ordinaiy 
temperatures,  more  readily  with  the  aid  of  heat  The  solutions  blue  reddened  litmus 
paper.  It  is  particularly  characterised  by  assuming  a  deep  blue  oolonr  wImo  strong 
su^huric  add  is  poured  upon  it.  It  does  not  appear  to  be  poisonous;  indeed  it  m^y  be 
swallowed  in  considerable  quantity  without  producing  any  particular  e£fect.  Its  com* 
position  is  as  follows : — 

CaiewlaHtm.  Merck. 
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When  papaverine  is  boiled  for  some  time  with  veroxide  of  mang^meset  snlphnric  acid 
and  water,  ue  liquid  acquires  a  brown  colour,  and  after  some  hours  deposits  erystalline 
flakes.    (Merck.) 

Nitric  add  dissolves  papaverine  without  decomposing  it ;  but  on  mixing  the  solution 
with  excess  of  strong  nitnc  acid,  red  vapours  are  evolved,  the  liquid  acquires  a  dsep 
red  colour,  and  orange-coloured  cnrstais  are  deposited,  consisting  of  nitrate  of 
nitropapaverine,  C»H»(NO»)NO«.HNO». 

Bn>mine-u'aier  added  drop  by  drop  to  papaverine,  forms  a  precipitate  which  redis- 
ftolves  at  first,  but  afterwards  becomes  permanent:  it  consists  of  hydro bro mate  of 
bromopapaverine,  C"*H*BrNO*.HBr. 

Alcolu>lic  tincture  of  iodine  added  to  an  alcoholic  solution  of  papaverine,  forms  after 
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a  wlitb  nriAll  ci7«tola  of  on  iodide  of  puptf^^ris^  omiUitiing  2C*'*I{'*K()VP ; 
\  mnd  the  motbei^liqaQr  yields  by  «?ipontioD  ofytUlB  of  another  iodide  confining 
f  2C»H«»N0*.I".     (Anderion.) 

pApAvacine  hmted  with  four  timos  its  wMght  of  9od^4imA  giT^v  offft  foUtile  alkali, 
probably  tritylamifie  or  •Uiybtmioe.     (AoderflOQ.) 

He»ted  with  iodidi  of  Hkyt  m  a  Mftlttd  tiLbe  it  doM  not  pdd  mi  «thylAi«d  b<uu3,  but 
inarely  bydriodiita  of  pApaveriu^t  and  appftniatly  skohol  or  etlier.     (How.) 

Salts  or  FijpAVKfttxs.— The  hvdrucktoruU,  O"H*iN0*.H0l,  b  obtainMl  by  illmAx- 
ing  the  &lk&Li  in  diluto  hydrocbloric  acid,  atid  adding  at>  cxeeia  of  modi  it  m  ihen 
pn«ipitatad  as  aa  oil  which  gradually  solidifies  in  large  hemikedral  cfy«t«l«  bdougiug 

to  the  trimelric  system.     Obaerv^d  combioaMoa :    odP  .   P<o     -■    lodioation   of  the 

facea,  <»P  :   oeP  -   80*>;  too  ;  Poo    =  12^*  20';  t*  :  ^    »   UgP  \&. 

The  chloroplaUnaif^  2C*H«»N0MI»Cl»*Pt*'ClV  is  a  yoUow  predpitAte  bsobble  iu 
wat^r  and  in  alcohol 

The  suipkaU  is  uDciyst&Ilisable.  The  nitraU  cannot  be  preparrd  with  nitcio  acid, 
becat^e  the  least  excess  tends  to  form  a  eubstitntioii-^^ompoaria,  as  nbore  mentioned  ; 
but  it  is  obtained  hj  preeipitatiog  mtrate  of  silrer  with  the  hydrochlorato. 

FAPrmxV  or  VigeUthU  F^rchmenL—A  Congh  siibstaAai  pmdilood  by  the  action 
of  sulphuric  ticid  on  uneised  puper.     (See  CxLLt^Losa,  i  81B.) 


alyl'itrea.     CarBonyi'OrafmieU^      (I*i<*big  and  Wo  bier,  Ann.  Ch.  Pharm.  xrfi.  286.) 
—Ad  add  Ibrmod :  1.  By  the  action  of  aiidiaing  agenta  on  alloxan  (i,  136) : 
C'H'ITO*     +     O      -     CTH'WW    +     CO* 

S.  Together  with  ikQoxantin,  by  the  apontaneona  docompoiition  of  alloxan  (B a  u  m  er  t, 
Bogg,  Ami*  ex.  93) : 

aC'H'NV)*       -       C»H»N*0*     +     CWHKif     +     CO*. 

According  toHeints  (Fogg.  Ann.  cxl  4Sfl)  both  the  alloxanths  and  the  parabiinie 
acid  suffer  farther  deeom^ition,  the  former  gmdnally  taking  up  oiyjren  and  ri»|jro- 
dui^-ing  oUoxanic  add,  while  the  lutter  is  first  conTerted,  by  assnmpfion  of  water,  into 
oxaluric  arid,  and  ttjcn  into  oxalic  acid  and  urea,  and  the  urea  idtimatelj  into  carbon- 
ata  of  ammnntiam. 

3.  Together  with  gnanidine  and  small  qnantitit'S  of  xanthine.  Tirea  and  oxalnric  acid, 
by  the  action  of  hjpochloroos  acid  on  guanino.     (Strecker,  ii.  951.) 

It  it  uBtially  jprep&red  by  dissolving  1  pt,  of  nrie  acid  in  9  pts.  of  warm  moderately 
strong  nitrie  acid,  eraponiting  t<»  a  syrap  and  tooling :  it  then  czystalHses  out,  and 
may  be  p^fled  by  twice  rectyfftaUisinig:  firom  wntcr. 

Pambanie  acid  formH  thin,  transparent,  eolourleas,  six-sided  prisms^  which  hare  a 
Tery  acid  taste,  and  redden  litmtis  paper  (Liebig  and  Wdhler).  The  cmtals 
are  monodinic,  exhibiting  the  combination  +  P  »  —  P  .  oP  »  +  Poo  .  —  Poo  .[oePooJ, 
Biftio  of  prineipal  axis,  clinodis^nal  and  orthodiagonal  «  1  :  0-6 646  :  0*4783.  Angle 
of  the  incUned  axes  -  81-39^.  Angle  -  P  :  -  F  (clinod.)  ^  120*'  5t;  oP :  -  Poo 
-  129°  18';  -  Poo  :  +  P«>  -  113°  11';  oP  :  -»-  Foe  -  1170  42'.  Cl<«rage  easy 
parallel  to  [  oePoo  ].  (Schab  us,  Jahivsb.  1854.  p.  470  ;  1862,  p.  369 ;  see  also  t.  Eatli, 
ibid.  1860.  p.  326.) 

Parebaoie  acid  is  easily  soluble  in  tMt^,  and  does  not  effloresce  in  the  air.  When 
hentad  to  l(Xi°  it  becomes  reddish:  at  a  stronger  heat  it  m*^lts  and  partly  sublimes. 
Wtly  decomposes.  giTtng  off  hydrocjanie  acid.  Its  aqueous  solution  is  not  aecompoi»ed 
by  boiling.  When  the  aqneotis  iolution  is  boiled  with  ammonia  (or  other  alkalis)  it 
takat  up  wateir  and  is  conrerted  into  oxaluric  acid,  C*H*N*0*.  With  anhydrauM 
ummomia  parabanie  acid  npp«ars  to  form  uxalurnmide  (p.  277 ) ;  nnd  when  heated  with 
<i»i/i»M  it  forms  pheuyl-oxiluramide  :  C»H*N*0»  4-  C*H'N  *  C»H»N«1)*.  (I^anrent 
aud  Gorhardt.) 

The  only  known  salt  of  parabanie  add  is  the  sv/wr-ia//,  CAff'N^O',  which  is 
Ckbtained  as  a  white  peecipitate  when  aqueous  parsbanic  udd  is  added  to  oitnite  of 
tiller  (Liebig  and  Wohler),  The  aqueoun  acid  mixed  with  nitrate  of  silver 
and  a  little  ammonia,  yields  a  precipitate  containing  2CAg^'0*.H*0,  which  becomee 
anhydroua  belwaen  130*^  and  II 0^     (Strecker.) 

M«ik^i'parmhanicatsid,C^WlPO*    -       (CO)" U*.— This  is  the  eompoand 

h.cipI 

which  Dessaigncj  obtained  by  heating  the  baaa  C*H**N*0»  (produced  by  the  action 

I  2 


340  PARABENZENE— PARABROMALIDK 

of  nitrofiB  aetd  oo  orefttULitie^  with  bydn>chlone  add    It  il  probablj  also  formed  hf 
the  actaon  of  baryta  cm  creatme  at  the  boiling  heat  (ii.  103). 

(C^O')'*) 
DimBthyl'parabanic    acid,    C*H*NH>*     =        (CO)%N*.— Thia  campoiu»l, 

(CH'fi 
alwady  described  as  chtdestrophane  (i  926),  called  also  nitrotheine  bj  Stenhonae, 
H  the  final  product  of  the  action  of  chlorine  or  nitric  acid  upon  caffc^iae  (Rochleder). 
It  ma>  b«  produced  directly  from  parabanic  acid  bj  heating  the  dry  §ilTer-salt  of  that 
Hcid  with  iodide  of  methyl  to  100"  for  twenty -four  houra.  It  crystal  lisca  from  hot 
water  in  tamiiue  baving  a  ailTery  lustre.  (Strecker,  Ann.  Ck  Fharm.  cxtilL  151 ; 
Jal^reab.  ISGl,  p.  628.) 

(CX)*)"> 
Divhtnttl-parabaHic  aeid,  G^*B}^'^H^     =»        (CO)">N*.— Prodoced  by  treat- 

ing  a  boiling  alcoholic  aolutioD  of  dicyanonielaniliQe  or  of  melanoxiinide  (p.  29G)  with 
an  aqueoua  add : 

C'*H"N'     +     3H»0     +     3HC1       «       C*»H>«N»0"     +     SNH*C1 ; 

AikMiue.  pArabankc  *cid. 

C'*H"N«0"  +     H'O       ^     HCl        «       C»*H'«N«0*     +     NH*CJ. 

Dtphenyl-parabanic  acid  ctyiitalliaee  in  ueedlea,  is  iiiBoIuble  in  water,  but  eastl  j  tol* 
able  in  alcohol  and  in  ether.  By  boiling  with  potash  it  ia  fesolired  into  carbcmic  addv 
oxalic  add  and  phenyhiminu.     (Hofmann,  Proc.  ^oy.  Soc,  xl  275.) 

Cyanamide  fonna  with  2  at.  cyanogea  a  yellow  amorphoua  body,  C*H*N*  (  ^  NH*(CN) 
-r  v^N^),  aoalogooa  to  dicyanomelaniline,  and  it  might  have  been  expected  thait  this 
body  when  heated  with  aqueoua  adds  would  yield  parabanic  add  by  a  reactioo  wmilar 
to  the  above^  Damely  : 

CIl'N*     +     3H'0     +     HCl       -       C'H<K*0«     +     2NH*C1; 
but  the  prodact  actually  obtained  ii  altogether  different     (Hof  ma  do.) 

JPiULaa£KXS»1Bori\iradflLfo^  (Chtirch,  FhiiMag.[4]nii416;  xriii  522.>- 
A  hydrocarbon  isomeric  with  benxene  (i.  d41),ooctuTingj  together  with  the  Latter  and  iti 
homulogues,  in  light  ooal-tar  oil  When  purified  by  rectificatioii  it  boila  at  97 '5*^  (ben- 
2tme  at  80-4'^,Kopp) ;  does  not  solidify  at  -  20^  (beoaese  eoUdifies  at  0^) ;  has  m  Ikint 
alliaceoufl  odour,  less  pletisant  tbati  that  of  pure  benxene.  Treated  with  nitrie  add  of 
«pcciflc  grarity  1*5,  it  yields  a  nitro-cam pound  which  appeuB  to  be  identical  with  ordi« 
nary  nttrobeniEene ;  and  with  a  mixture  of  atning  Ditric  and  sulphuric  adds,  a  diiiitn>- 
corupound,  agrodng  in  competition  and  properties  with  dinitrobensene.  Treated  with 
4  vols,  of  fonung  tulphuric  add,  it  forma  a  salpho-aoid  ittomt>ric  but  not  identical  with 
sulpho-beiuEolio  add,  iuasmndi  as  ita  barium-itdi,  C'^H^'Ba''8H>*,  is  obtained  i^nlj  as  a 
gummy  masa  exhibiting  no  trace  of  crystallisation^  ineoluble  in  ether,  ve*-  slightly 
soluble  in  alcohol ;  tlio  co^fper-salt^  C"H'*Cu"S^O*  (at  100^),  ia  a  very  soluble^  trans- 
iueint,  amorphous  bluish  nia^K;  aud  the  free  acid  sepomted  frsmi  the  sidt  by  j^ulphurettiHl 
hydrogen  cryslaUidea  with  difficulty  in  prtsms  which  are  but  slightly  dcliqaes4ieQt ; 
whereas  the  barium-Kalt  of  ordinary  sulpao-bt^uzolic  acid  crystallbea  in  nacreous  lam- 
'met;  the  copper-salt  in  crystak  whi^h  are  ka«>  soluble  in  water  than  the  isomerifl  salt^ 
and  become  anhydrous  only  at  170°  ;  and  the  free  acid  forms  dtdioueneent  crystals. 
The  ammonium-mit  of  paraj^ulpho-beQaolic  add  when  subjected  to  oistillation  yields 
piirabenzene  witli  all  the  propertien  above  mentioned. 

PAlL&B&OHiIikZpXBB.  CHBr'O.— A  oompciund  i§omerie  with  bromal  (i.  666), 
produced  by  gradually  addiug  bromine  to  wood'Spirit  contained  in  a  retortt  through  a 
^ynnel  tube  reaching  to  the  b<>tt<»tnof  the  liquid.  Two  layers  of  liquid  then  collect  in 
:tje  reetiver,  the  upp^r  consist  ing  of  aqueoui  hydrobromic  acid,  while  the  lower,  which 
i«  oily,  solidifieti,  afler  wHshing  with  water  and  exposure  to  the  aiTf  to  a  mass  of  colour 
less  crystals  of  parabronialide,  whicli^  when  purified  by  pressure  betwwn  pnp^r  aod 
rectyBtaUisiitifni  from  Btpong  alcohol,  forms  colourleaa  rhombic  priisms  with  four^ded 
*iummit».  It  has  a  apecifle  gravity  of  3' 107,  melts  at  67°,  begini  to  decompose  at  200* 
with  separati<jn  of  bromine  and  bydrobromic  acid,  and  decomposes  completely  at  a 
higher  temperature,  lenving  a  copious  residue  of  charcoal.  It  is  insoluble  in  waier, 
Eoluble  in  strong  alcoJwl  and  iu  chloroform.  By  dilute  potnth  it  is  deeomposed,  Lika 
bmmal,  yielding  bromoform  and  acetate  of  potassium,  AteoAaHe  ammmta  acts  apani  it 
in  a  similar  mAnner,  but  when  heated  with  it  to  lOH^  in  a  sealed  tube,  gives  rise  to  a 
more  complicated  reaction,  the  liquid  cotvtuinmgr,  l^esides  formate  of  ammamnm,  I  He 
ppoduct*  of  the  action  of  alcoholic  ammonia  on  brnmoform,  and  a  brown  powder,  pro- 
bably tmpurp  ♦'yiinhydrin.     (C loess,  Ado.  Cb.  Pharm.  cxi.  178*) 
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PAmAJUMIWOSttA^KZO  A.CXI».    See  Mauuo  AcfD  (ill  788). 

3PAJUI,CA.C02>TZ*ZC    OXXB&     See   Oxnts    of   Cacoxxti,    u&def  Afissmo- 

EADicLXS,  Oeganic  (i.  407 ). 

FAmACAMVKOmzc  ACSlk    Sjn.  with  iKAcrmi  Cjotraouc  Acid  (l  730). 

WAMJLCAMTMAMtlMm  TUia  name  ia  given  by  Stein  (B^p.  ChtRL  pure,  v^ 
1U8;  Juhresb.  1862,  p.  500  |  1863,  p|^  561,  696)  to  A  nd  mbctiuioe  iillit^  to  carih- 
iimijii%  produced  bj  the  Action  of  soaimn^amalg^m  on  rutin.  It  tt  turned  grfen  by 
MUudiA  and  by  neutnd  ooetAlo  of  lead,  tlie  red  colour  being  restored  by  acidn.  PtkrX- 
cuiikMiadn  appauv  aIoo  to  be  contained  in  tiie  red  burk  of  dog- wood  ( Comu*  Km^uinra^  \ 
in  the  young  oark  of  oertftin  kinds  of  Aicaci%  in  the  blAckbeny,  in  the  red  sterile  shoots 
of  Euphorbia  tgfparismat,  and  in  the  layer  of  the  willow-atem  between  the  pith  and 
theWk. 

WAMJktSWXtXtJTltOBM,  Fr^tny  Appltf>e  thtB  name  to  that  modification  of  eelluleifi^ 
whicU  doea  not  dL-x^jIrtJ  in  an  ammoniACu,!  eolution  of  copric  oxide  tiJl  it  has  b^en  eub- 
JHctfHl  to  the  action  of  acids,  alkalia,  or  other  reagents,  restricting  the  term  c<<lltil  oa  e 
In  iliat  vuriety  which  ia  immediately  soluble  in  that  liquid.  Both  Turietieft  of  eellulore 
ta^  eolubk*  in  boiling  potash-ley.  The  utricular  tissue  tcfrming  the  medullary  raya  cf 
wood  eonaisfts  of  paraeellulose.  Frdmy  regarda  these  modificatioDS  of  cellulose  as 
eaaentially  distinct.  Pay  en,  on  the  oth^r  hand,  ie»  of  opinion  tliat  there  ii  but  one  kin<t 
of  oelliilosef  chemieallj  speaking,  and  thai  the  differences  obaerred  in  the  reactions  of 
cellulose  from  different  sources  are  due  to  differences  of  aggregation,  or  to  the  presence 
of  iftoriganic  subetancea.  [See  Fr^my,  Compt,  rend,  xItiil  202,  276,  326,  362,  862; 
xUx.  6«I ;  JUf.  Chim.  pure,  i,  270,  ^67,  433,  602 ;  J.  Pharm,  [3]  xxvi.  6,— Payen, 
Cbmpt.  rend.  zlTiiu  319,  32B,  772,  893;  R^p.  Chim.  pure,  L  269,  369,  434;  also 
Jahrt-eb.  1860,  pp.  629,  64L] 

9JIJtAC2T091t.     See  PmACOKm. 

rA3L&CKX.QKA3LZiiK.  CHC1*0*.~A  subetaDoe  isomcdc  with  chloral  (i  880), 
produced  by  the  action  of  chlorine  on  pure  anhydrous  wood-spirit  in  diffused  day-light. 
Tb«  t™f""*"g  Tessel  ahoukl  be  oooiea  «t  firBt»  but  to  oomplet«  the  resietioD  a  gentie 
heat  is  required,  so  that  the  product  may  distil  over  la  an  atmosphere  of  chlorine. 
The  oily  portion  of  the  diatiUate  ia  chf'U  to  be  mixed  with  an  equal  Tolume  of  strong 
aulphurie  acid,  and  after  24  hours'  oonlact,  distiUed  from  oxide  ol  lead  in  an  atmoephere 
of  carbonic  anhydride. 

Parachloralide  is  a  pungeot-oiMUing  liquid  resembling  chloral.  Speciflo  graritj 
1  5765  at  14°.  Boils  at  182^,  sad  TObtilisas  ftlmost  without  residue.  It  is  disttn- 
guiiihed  from  ch^loral  by  its  insolubility  is  water,  and  its  higher  boiling  point  (chloral 
boiJa  ar  98*6'',  Kopp).  With  fixed  alkalis  and  alooholie  ammonia^  it  resusU  tika 
parabromalide.     (Cloes,  Ann,  CL  Pharm.  cxi.  178;  Jahresh,  1869,  p.  434.) 

VASAGMXiOROBSSrSOIC ACtD.  C^^CIO'.  Ckt4>rodraeylie atid{Wi\hthn^ 
snd  Beil stein,  Ann.  Ch.  Pharm,  cxxviii.  267;  Beilstein  andSchlun^  ibid,  exxxiii. 
242). — An  acid  isomeric  with  chlorobensoic  acid,  produced/together  with  hydrochlorate 
of  paraoxybenzamic  actd,  by  the  action  of  bydrochlonc  add  on  axo-pamoxybenzamic 
ado  (p.  362).  It  is  a  crystalline  body,  which  melts  at  236^ — 237^«  and  sublimes  in 
scales  resembling  naphthalene,  at  a  temperatiire  very  near  its  melting  point  Normal 
chlorobenaoic  ai!id,  obtained  from  benzoic  acid  or  its  deriTatiTes,  or  from  liippuric  o: 
cmnamie  acid  (compounds  capable  of  yielding  beneoic  acid),  melta  at  162"^  or  163°,  and 
sublimes  in  needles  ;  chlomauylie  aciJ  (called  parachlorobenioic  acid  atpige  665,  vol 
i,),  produced  by  the  action  of  pentachloride  of  phosphoms  on  salicylic  add,  melts  at 
137°  and  forms  a  cakium-salt  containing  2  at.  water  (C^*li**€a'0^2H^0).  whereas  thu 
eakium-salt  of  the  parachlorobenioic  aeid  just  described  contains  3  at.  watery  like  that 
of  normal  chlorob*'U£oic  add. 

WAMActrmio  .A.CIB,    Syn.  with  Acomno  Acid. 

^JLMACOJtVm.MTT'm*  A  mineral  found  at  Taunton,  Massachusetts,  la  black 
grains,  whieh  iitt- U  eanily  before  the  blowpipe  to  a  black  ^bwa,  fonn  a  yellow-brown 
glkisa  with  borax,  and  are  decomposed  by  sulphuric  acid,  with  erolulion  of  hydrofluoric 
acid  and  separation  of  a  white  powder  The  mineral  is  said  to  contain  iron  and  uranium, 
but  no  titanium.      (Shepbard,  Sill  Am.  J.  ii.  xii.  209;  Bana'a  Mineratogy^  ii.  601.) 

WMMA,C^£^M%0  ACZS,  This  name  ia  applied  to  seyeral  brown  products,  of 
uncertAia  composition,  r«"«ullinf  from  the  decompoaitiou  of  cyauogeu  or  some  of  its 
comp<Jiiud4i,  in  presence  of  wuler.  They  are  partially  soluble  iu  water,  and  when 
heated  give  off  hydrocyanic  actd  and  ammomn,  It^aving  a  mixture  of  charooul  and 
paraey&nngen. 
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Pik&ACTAirOO&S'.     A  bruwn  or  bbick  vubfitADce  ijomeric  or  poljOMrie   with 

vyanoeeti,  whii'h  remaiaa  m  fiimdl  quantity  whco  the  latter  is  prepareu  by  he»iting 
cviiiiide  of  mercury  (ii.  276).  To  obtain  it  pure,  however,  it  is  iieceiw»»iry  to  uj»e  p*^rfecrly 
dry  cyanide  uf  mercury,  tiince,  if  moisture  m  pre««Qr^  a  c*TtAm  quantity  of  ttiumatiin  ii* 
produced^  and  th<?  paracyaiio^en  is  coatiiminttUd  witli  ftre  carbon. 

When  puro  paracyuuogou  i&  caidntd  in  a  gas  whi4^  does  oat  net  upon  it.  snch  w» 
nitrogr'n  op  cjtrbonic  anhydride,  it  is  completely   canverted  into  cyano  "ut 

1(  uring  any  carbotiaeeous  rci^idue*     FancjADO^ii  heaied  in  n  current  of  <  i  vxm 

off  a  coD&iaerablo  quantity  of  whito  flimes  faaTing  &  stdFoizatiiig  oduur.  whteu  o^nuvtMO 
ou  lh«  cold  {larta  of  tht?  apparutus  in  tho  form  of  a  whit«  Bublimate  solnblo  in  water* 

Wfaoti  cyanide  of  silver  is  gt'Mly  hrated,  it  nn^lt^  without  docompo^ing ;  littt  on 
mitfing  the  temperature,  cyanogen  iii  giren  off.  and  at  a  certain  moment,  the  jmnolatioti 
ofgaa  beromes  Tiolent,  and  the  wbolo  mass  eihibiti  incandescence.  A  light  grey 
riMidue  18  then  obtained,  posBossing  the  mt^taUic  lustre  and  amounting  to  90  per  eesil.  A 
i[w  original  aalL  This  zeaidne  is  not  pure  nilver,  inasmuch  as  it  still  giires  off  tpptnofgttk 
Ht  a  higher  t«niperatiu^  and  dilute  nitric  a4;id  extracts  silver  fhim  it,  leaTiii^  a  brown 
suWaoee  stiil  containing  40  pat  cant,  of  silver. 

Aecx^rdiug  to  Thatilow  (J.  pr,  Ch^m.  %x%L  226),  cyanide  of  fiilver  when  heatted 
Bves  off  only  half  it^i  cyanogen  (1  gniL  yielding  fn.im  4H  to  oO  cub.  cent  of  the  gii«). 
the  residoe  partly  amalgamates  with  mer«ury,  whence  it  appears  to  be  a  mixturv  oC 
metallic  silver  and  paracyanide  of  filver,  (For  further  details,  see  GmtUn*9  Mandbsmk^ 
xl  Sll.) 

PAJtAHIGXTAXBTIir.     C^H'^O', — ^A  piodtict  of  the  decompcMitSoil  of  digiu- 

loHin  by  dilute  aulpburic  uoid  (ii.  330). 

PARAXIXVHOSFKOirStrBI-COMFOinniS.     See  Plf0aP]IOftl7S-84XEa. 
FAKA-E^UXtJ^OZG  ACZO.     Syn.  wiLh  KVFIQA1.LI0  Acin. 


Thf  culonrkfis,  erjstalline,  fatty  substance  known  bj  this  name  is 
the  solid  portiun  of  the  mixture  of  oily  hydrocarbona  produced,  togetheir  with  a  ▼ariety 
of  otiier  BubBtanc<^^  in  the  dry  or  detrtrucUve  di>^tillatioa  of  Tanons organic  bodi«a,  and 
uf  bituminous  min«»ral9,  at  temperat lines  not  exceodiog  a  low  red  heat.  It  also  o^euni 
as  a  constituent  of  many  varieties  of  petroleum  or  miaeral  oil,  aasociatad  with  liqmd 
hydrocarbons  similar  to,  if  not  identical  with,  thost^  eontained  in  the  tar  product^d 
by  distruclive  distillation.  Native  paraffin  in  a  solid  state  occura  also  in  tlse*  ooal 
measurf^s  and  uthtr  bitnminooa  strata,  eon&tiiutin|r  the  mineiHls  known  as  foasil-waa, 
hutchettin^  ozoetrite.  &c.  As  a  product  of  destructive  distiUatioa,  it  was  diaeurewd 
in  lB«)f>  by  Rftichenbach,  who  obtained  it  first  from  wood-tar;  then  ftoat  fftimsl 
tar,  and  lastly  ^m  coai-tar  made  by  distillation  at  a  t(*mpemture  below  full  rsd  htmt. 
As  a  eoustitttent  of  petroleum  it  was  disoofend  about  the  same  time  by  CbrlatisoR, 
wlio  obtaincMi  it  from  Raapooo  p«*trol(miii,  and  dsscribcd  it  under  the  name  of  ptiruiin*, 
EttHng  also  obtalnwl  it  by  dintltling  wna  with  lime,  and  in  1833  Laurent  obtAiii«d 
it,  together  with  liquid  bydrocarbons,  by  distilling  bituminous  shals  at  a  tetraperature 
not  exceeding  a  low  red  he^it.  It  has  since  Leon  extracted  abundantly  both  m>sa  the 
tar  obtained  by  distilling  coal,  bituminous  ehale,  lignite,  and  peat,  at  a  moderata  heat* 
as  well  as  from  many  varietiea  of  petroleum  or  mineral  oil,  and  its  preparation  qow 
forms  a  part  of  one  of  the  most  extensive  and  important  branches  of  manulactaiiiig 
industrV' 

The  substance  known  as  paraffin  does  not  possess  any  chemical  individuality,  but  is 
mare  proljiibly  a  mixture  of  several  hydrocarbons,  just  in  lb©  same  manner  that  the 
liquid  oil  gt^neraJly  associated  with  paraffin  in  petroleum,  and  always  produced  together 
with  it  in  destructive  distillation  below  full  red  heat,  is  a  mixture  of  several  Eomo- 
logijiis  hydr^icfirbotiM.     (See  FBTROLtttTM,) 

The  paniffin  of  commerce,  when  pure»  is  a  solid,  colourless,  translucent  subataooe, 
perfectly  inodorous  and  tatitelesp,  somewhat  resembling  spemiacetL  It  has  a  density 
of  about  0-87  0;  melts  at  from  46*^  to  G&'^  C,  forming  a  colourless  oil,  whidi  solidifies 
lo  jv  liinnno-crystaUine  mans.  It  boils  about  37(P«  and,  when  cautiously  healed,  rwia- 
tilise^  without  much  decomposition.  It  does  not  absorb  oxygoi  from  the  air  at  ordio«iy 
temperatures,  does  not  bom  easily  is  the  mass,  but  ^m  a  wick  it  burns  with  a  reiy 
bright  flame.  It  is  insoluble  in  water,  soluble  in  2-S&  pts.  of  boiling  alcvhot,  but 
^e^tarates  completely  on  cooling  in  snuw-white  needles,  which  are  soft,  friable,  and 
]j;rr>nj^y  to  the  t^uch.  It  is  much  more  soluble  in  ether  and  in  oih.  It  is  but  sluwly 
attacked  by  strong  gulphttric  acid  even  at  tempratures  nbove  100*^,  not  at  all  by  diluto 
nitric  ttdd ;  but,  when  healed  for  some  time  with  strong  nitric  acid^  it  is  staled  tu 
yif-ld  Huceitiic  acid  together  with  a  small  quaatitv  of  but)'ric  acid.  Cfib>rine  does  n<>t 
iwt  ujjoii  it  at  ordinary  temi**^raturt'fi,  but,  accortling  to  Bolley  (Ann,  Ch*  Pliarm,  cvi, 
2^0)t  chlorine  passed  into  melted  paraffin  attacks  it  slowly,  forming  a  hard  but  easily 
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ft)3iit>lc  »ub<itttiitioii-prodt]Pt.  whirh  h<»  caUs  cktorojfin.     Altogether  piiT&ffin  if  a  very 
■tftble  and  iodifiS'Tf  nt  substance :  henc«  its  naioe  (^om  pamm  mffinuy 

Thf  prodacttoii  of  par&fflii  and  of  tlie  liqaid  hydrocarboDB —known  by  th<^  names  of 
tttffiont,  photofftn,  porq^n  ot^  6tc. — which  af  compatiy  it  in  th^  tar  or  oily  produ(?t  <vf 
dcMtnidire  dixtillalkm,  ma  shown  by  Rcieh^^nbsch  to  b4»  a  constant  reffuU  of  eurbon* 
i^nriou,  or  the  deeompostiitf  aetion  of  beifct  upon  all  organic  vnbstanc^  and  minf^rala  of 
oryinnic  origin,  such  as  coal,  &^  (Jonm.  f.  Cb.  Phya  Ix.  280).  He  also  showed  that, 
in  order  to  obtain  th«  laf;^««ft  possible  amount  of  thefie  psHiducts  from  any  particular 
matsrial,  th«  mo^t  essential  oondilion  was  the  limitation  of  the  temperature  within 
such  A  degree  that  the  raponr  of  the  prodncts  remittiDg  trom  carbonisation  should  not. 
suffer  furtlier  decomposition  of  such  a  nature  as  to  give  rise  to  the  production  of  a 
}mr^  amount  of  permanent  gas,  naphthalene,  sool,  Ac  (Jonm*  f.  Vh,  Phys,  IxL  182 J, 
The  pxtpeme  limit  of  temperature  to  be  applied  in  the  deatructiTo  distiUation  of  eoal, 
Ai.\,  for  the  purpose  of  obtaining  pstaffin  and  the  oily  products  alli«id  to  it,  was  aseer- 
t«iinf^i  by  him  to  be  incipient  rednesf^  or  a  low  red  bejit^  beyond  which  temperature  ha 
showed  that  a  secondary  decompoeition  of  those  products  of  true  carbonisation  took 
plaee  [ibitL  Uiii.  229).  Consequently  he  pointed  out  that  the  precautions  to  be  observed 
m  conducting  decitructJTe  distiliation,  with  the  object  of  prolncing  paraffin  and  thofa 
uils,  cunsisted  in  misini?  the  heat  gradually,  and  never  allowing  the  sides  of  the  retoiC 
to  attain  u  rtnl  heat  {tUd,  bd.  178,  bmii.  229). 

The  amount  of  paraffin  contained  in  the  tar  produced  by  destructiTe  distilLition 
below  a  full  red  heat,  is  always  rery  small  in  propiortion  to  the  liquid  hydrocarboiui 
mixed  with  it,  Theee  latter  often  constitute  from  70  to  80  per  cent  of  the  crude  tar 
by  weight,  while  the  paraffin  rarely  amounts  to  5  per  cent,  and  more  fHqnently  to  only 
1  or  2  per  cent.»  according  to  the  materiiil  distilled.  This  crude  tar  uleo  contains  a 
pit<'hy  oil  hearirr  than  water,  together  with  carbolic  add  and  itn  homologufs,  picoline, 
and  other  basic  oils,  &c.  The  amounts  of  these  several  oonstitnents,  and  of  hydro- 
earbona  oontaintd  in  eueh  tar,  r&ry  very  considenibly  acoording  to  the  material  from 
which  it  is  obtained,  and  determine  its  vtilue  for  the  purpose  of  the  refiner.  The 
phyhicnl  cbaracters  of  such  tar  also  differ,  according  to  tbe  proportions  of  these  con* 
titituents  •  sometimes  it  is  quite  *^ol  id -^peat-tar — more  generally  it  is  liquid  at  th«* 
ordinary  temperature,  or  at  most  thick — ehale-tar,  ooal-tar.  Its  specific  gravity  varice 
fiom  upward*  of  0-900  to  0  840. 

The  tar  thna  obtained  from  shale  or  coal  differs  essentiaUy  in  evefv  respect  from  the 
tar  obtained  in  the  ordinary  process  of  gas  making,  in  whi^  the  coal  is  subjected  to  a 
brijjbt  red  heat,  though  some  kinds  of  tar  horn  gas-works,  in  whidi  the  richer  eannel 
coals  are  ttsed,  not  nnfre^^uently  contain  paraffin  and  probably  some  paraffin  oil^  which 
hare  escaped  decomposition  by  n^aeon  of  the  abnndance  of  volatile  products  given  off 
In  such  tar,  however,  these  sunetanees  are  always  minted  with  nnphthalene,  homolognes 
of  benzol^  pitch,  &c,,  so  that  they  cannot  be  eonveniently  separated  from  these  tatter  and 
purilled.    (See  Tab.) 

The  oompoaition  of  pttmffin  from  s/*veral  sources  is  shown  in  the  following  table :  a. 
From  Boghetid  con! ;  melting  nt  45  5'^,  and  Bolidifyin|^  after  fusion  in  a  crystalline 
mwm.—k  From  the  same ;  melting  at  52^,  soUdifying  in  a  granular  mass. — e.  From 
Baogoon  tar;  melting  at  6P*— rf.  From  peat ;  melting  at  46"7°.  — e.  From  Chinese  wax, 
CfTot^ne  (L  830)  ;  melting  at  57°  or  68^.—/  From  beeswax,  mdens  (m.  888) ;  melting 
at  52° 

Andtrton.*  Brcidie^f 


Carbon  85*1        85  0  to  85  3      8515 

Hydrogen  15-1  to  15-3        16*4  152^ 


84-05 

1505 


85-23 
1516 


84  60 
14-39 


85-20 
1423 


8531 
1444 


Paraffin  has  been  usually  regarded  is  an  olefino  or  mixture  of  olefines  of  high  atomic 
weight ;  but  the  formula  of  these  bodies  C*H*»  requires  8571  per  cent  carbon,  which  is 
oooaidi  rably  above  that  in  most  of  the  preeediof  aadijsee.  The  analytical  results  are 
in  ^ct  more  nearly  represented  by  the  formula  of  one  of  the  higher  homologuca  of 
marsh-gas,  C^H**,  tor  example,  requiring  85 '2  per  cent,  carbon,  which  agrees  exaetlj 
with  the  second  of  Brodie's  analyses  of  cerotene  or  Cfbinese  wax  paraffin,  and  C^H** 
requiring  85 '3  percent,  carbon,  wluch  agreee  with  the  analysis  of  melene  or  the  paraffin  of 
oommon  bees* wax.  Hence  it  is  more  probable  that^aimnia  ahomologue  or  mixture 
c»f  several  homolognes  of  marsh-gas  of  high  atomic  weight.  This  rif  w  of  its  constitution 
is  also  in  aflooiuaoee  with  its  chemical  indiffi?Penc«,  the  alcoholic  hydrides  C"H^^* 
being  especially  characterised  by  the  feebleness  of  their  combining  tendencies.  These 
hydrides  when  treated  with  ehlorine  do  not  unite  with  it  like  Sie  defines,  but  yield 

«  Rtp.  Brit.  Asdric.  IMG.    Koticei  aiul  AtMtrwti,  p.  49 1  Jahretto.  1S»7,  p*  ISO. 
t  rtilL  Hag.  CS]  xanUi.  >7S. 
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kuba tit ution -product!,  which  is  likewise  the  case  with  the  paraffin  miiniiied  bj  Bullajr 
{vid.  sup.)  and  with  Brodie's  cerotene  and  melene.  Moroover,  paraffin  i^pean  to  b« 
clu»ely  related  to  the  hydrocarbons  C*R^**  in  its  mode  of  formation ;  it  w  aasociAted 
with  these  bodies  in  petroleum,  especially  in  that  of  Pennsylvania,  which  has  been 
shown  to  contain  the  whole  series  from  marsh-gas  up  to  solid  hydrocarbons  (pumffins) 
of  very  high  atomic  weight  (iii.  181) ;  and  in  the  decomposition  of  ooal,  Sdc,  theoon- 
ilition  most  favourable  to  the  production  of  paraffin,  namely,  distillation  at  a  oompan- 
tively  low  temperature,  is  likewise  that  which  yields  the  hydrides  of  ethyl,  amyl,  Ae^ 
in  largest  quantity.  For  all  these  reasons  it  is  most  probable  that  paraffin  is  an 
alcoholic  hydride  or  a  mixture  of  seyeral  alcoholic  hydrides  of  the  marsb-gas  series 

Paraffin  is  susceptible  of  several  usefxd  applications.  As  it  bums  with  a  bright 
ilamc,  and  is  very  hard  when  its  melting  point  is  above  45®  C,  it  makes  ezoellent 
candles.  It  is  abo  largely  used  as  a  substitute  for  sulphur  for  dipping  matches,  and 
Dr.  Stenhousehas  patented  its  application  to  woollen  cloths  to  increase  their  stxvngth 
and  make  them  waterprootf  More  extensive  however  are  the  uses  of  the  oils  prodooed 
simultaneously  with  solid  pcuraffin  by  the  distillation  of  coal,  &c.,  at  low  tempamtaresi, 
and  existing  with  it  in  petroleum.  These  oils,  doubtless  consisting  in  great  part  of 
members  of  the  paraffin  or  marsh-gas  series,  differ  greatlv  in  density  and  Mnling  pointy 
as  met  with  in  commerce  under  the  names  of  eupione,  photogen,  paraffin  oil,  solar  oil. 
&c. ;  some  of  them  hold  paraffin  in  solution  and  deposit  it  at  low  temperatnreSb  They 
are  extensively  used  for  burning  in  lamps,  and  to  some  extent  for  Inbricating 
machinery. 

The  more  volatile  of  these  oils  having  a  density  of  0*800  to  0*830  are  peenliarly  well 
adapted  for  artificial  illumination,  as  uey  consist  of  hydrocarbons  free  fi»m  oxygen, 
and  therefore  produce  flame  rich  in  incandescent  carbon.  Henoe  with  a  projperiy 
regulated  supply  of  air,  these  oils  produce  a  more  brilliant  light  than  that  obtained  by 
the  consumption  of  an  equal  amount  of  animal  or  vegetal  oils  which  generally  contain 
a  considerable  amount  of  oxygen. 

The  least  volatile  of  these  oils  which  have  a  density  above  0*860  would  be  safer  than 
many  of  the  fiit  oils  in  use  for  lubricating,  inasmuch  as  they  do  not  absorb  oxygen,  and 
consequently  cannot  undergo  spontaneous  combustion  when  smeared  on  cotton  waste ; 
but  unfortunately  these  oils  generally  possess  but  little  body,  and  are  therefore  £ftr  less 
efficient  lubricants  than  fat  oils,  so  toat  they  can  only  be  used  when  mixed  'with  the 
latter.  In  this  way  however  they  are  very  serviceable  in  rendering  fat  oils^  like  rape 
and  cotton-seed  oils,  |which  become  gummy  by  exposure  to  air,  more  suitable  for 
use  as  lubricants  than  they  would  be  alone.  The  presence  of  paraffin  dissolved  in 
these  hydrocarbon  oils  has  been  erroneously  stated  to  render  them  flood  lubricants ;  bat 
that  is  not  the  case,  in  fiict  the  presence  of  paraffin  is  rather  a  disadvantage  than  other- 
wise, since  the  oils  containing  it  are  liable  to  solidify  on  the  journals  of  machinery  at 
temperatures  little  below  60®  F. 

Preparation  of  paraffin. 

1.  From  tr<XM£-tor.— Reichenbach  extracted  paraffin  from  wood-tar  by  distillinff  it 
and  collecting  apart  tbe  denser  portion  of  the  ou  which  passed  over  towards  therad  of 
the  operation,  redistilling  this  and  collecting  the  distillate  in  separate  fractions, 
cooling  the  least  volatile  portion  of  this  distillate,  pan^fin  crystallised  out  in  si 
which  could  be  separated  by  filtration  and  freed  from  adhering  oil  by  pressiire 
between  folds  of  unsized  paper.  Or  this  portion  of  the  distillate  was  shaken  with  six 
or  eight  times  its  bulk  of  alcohol  (36®  Bsaume,  S6  per  cent.)  whereby  the  liquid  oQ 
was  dissolved  and  a  thick  mass  of  paraffin  scales  precipitated,  which  were  collected  on 
a  filter-cloth,  washed  with  alcohol  until  almost  colourless,  and  then  oystallised  from 
solution  in  boiling  alcohol.     (Joum.  t  Ch.  Phys.  lix.  437.) 

2.  From  coal-tar,  in  the  production  of  which  the  necessary  precautions  as  to 
t4>mpBrature  and  gradual  heating  had  been  observed,  Keichenbach  extracted  p«w><Wt« 
by  distilling  the  crude  coal-tar,  and  collecting  the  thick  oil  constituting  the  second 
half  of  the  distillate,  apart  from  the  more  volatile  thin  liquid  oil  forming  the  first  hiJ^ 
of  the  distillate.  By  exposing  this  least  volatile  portion  of  the  coal-tar  oil  to  a  winter 
temperature,  paraffin  crystallisecf  out  in  laminae,  and  after  separating  a  farther  portion 
of  oil  by  another  fractional  distillation,  solid  paraffin  was  obtained  by  treating  the  thidc 
honey-like  portion  distilling  over  last  with  alcohol  as  above  described.  To  purify  this 
paraffin  it  was  agitated  for  a  time  with  about  twice  its  bulk  of  concentrated  sul^nric 
acid  at  from  90®  to  1 00®  C,  after  which  the  paraffin  separated  on  the  surface  as  a  colonr- 

*  The  word  '*  paraffin  "  might  b«  conveniently  UMd  m  a  generic  name  for  the  hjrdrociirbooa  of  tliit 
irriM,  maroh^as  being  railed  methylic  paraffin  •  bydridfl  ofctlijrl,  eth^Uc  ptar^ffim  ;  Bmdin'i  nrrotsns. 
crinlic paraffin,  tie. 

t  Sptrieca.ions.  1862,  Nos.  55  and  150. 
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lettt  liquid  irhi<*h  nolidilled  on  ooolitig.  ThU,  idter  ajuln\UBAtion  from  ftl^ohol,  wtm 
derwl  by  R«icbenbach  to  be  pure  par&ffin,  90  &r  m  the  state  of  chemijitry  at  that 
|Mrmitt«^l  him  to  jodfi^  (Joura,  f.  Ch.  Phys.  Ul  274-277,  279).  A  more  caary 
liod  of  extracting  panimii  rpcommccded  by  Beiobenl>tu;h  coQ^tUted  in  jieptiratiu^ 
the  li((uid  oil  and  coocentntiiig  U10  pamffio  m  fitr  as  pooible  by  i«peat«d  fractiocml 
dijitiiiatiun,  then  ghaking  the  aemi-solid  mixtiire  of  oil  aodpanfBo  with  from  one  fourih 
to  out)  half  iU  boUc  of  cotusftntrated  sulphuric  iu!td,  wldpd  in  succeaaiTe  imoll  portiomi, 
and  digestiDg  this  niixtur«  at  50^  C.  until  parafflji  sepatated  OQ  the  Bur£ic«,  or  eL^e  di»- 
timag  it,     (Journ,  f  Ch.  Phya.  bci.  283-287.) 

Manufacturf  of  Parana  Oil  and  Paraffin — Although  the  appUcatioa  of  oily  pro- 
du€tJi  of  detftruetiTB  distiUadoo  for  lightings  lubricating  aod  otht^r  purposes  haa  b«en 
ttttemoted  and  to  some  extent  practued  loog  belbre  the  diecoTpry  of  paruMn  and 
ReicDflU bach* 8  elucidation  of  the  conditions  eesenttal  for  tht<  pmduction  of  thciin 
subatanccti,  stiil  it  wiu  not  until  afUr  thi»  period  tYiat  their  mauuiiicture  was  prosecuted 
with  any  kind  c>i  Heicntiflc  basis.  Very  Koon  alt«r  that,  howcTpr,  iift«mpts  were  miidu 
to  introduce  theae  products  into  commerce,  and  to  ftpply  tliem  to  thepnrpusen  for  which 
they  were  m>  evidt-nrly  suited.  The  chief  desideratum  was  a  mati^nal  which  wh.m  caj»* 
abU  of  v'''  -  1  4T.tti,*i.-nt  amount  of  oil,  &c.,  to  be  worked  remunerafiirely.  The 
mater  I  been  employed  or  tried  for  ihiit  purpose  are  the  following. 

I.  />  I  lLetirfitBt4>pintheiadustrialappUcatioaof  Reichenbach's 

results  was  made  in  IS 30  by  Aug.  Laurent,  who  snggeatod  tlie  working  of  the  bi tu- 
rn i  nous  sfa&te  in  the  Autun  ooaEmeasures  as  a  source  of  paraffin  and  oil  for  burning 
ill  InrnpA.  ThiM  Mhale  yielded,  when  ^rraduiilly  heated  to  a  low  red  heat,  about  twenty 
or  twenty-fiTe  gallons  of  tar  or  crudi^  pjintfflu  oil  per  ton,  cont^uniug  a  small  amount  of 
^,.1:1  -  tf^n.  By  fractional  distilLitiou  th^  tar  was  s«parabte  into  light  burning  oil. 
1  r  Uibnaiting.  parafBn  and  pitchy  residnmn,  and  these  aeveral  products  wer«» 

\  \  -.ricceiwd re  treatment  with  .*»olphnric  add  and  caustic  soda.     Seremi  works 

werv  establisheil  in  that  district,  aud  at  the  Fkriii  Industrial  Exhibition  in  1839,  the 
products  mannfactured  there  by  8ell  t  gue  were  shown^  ris. :  1.  Crude  oil  or  shale-tar. 
%,  VoUktilb  spirit  3.  Oil  for  burning  in  lamps.  4.  On^ase  for  machinery.  5.  Tar- 
ffrease.  6,  rantfiSn  ciystallised,  and  panffio  candies.  This  manuiacture,  though  it 
has  been  ooutinued  more  or  less  up  to  the  present  time,  did  not  attain  any  gr^nt  im- 
poctaxioe,  partly  ftom  the  want  of  efficient  meihods  of  purifying  the  oil,  and  of  suitMbl«) 
lamps  fbr  burning  it>  P^Hty  also  tsom  the  remote  sirimtion  of  Autun,  and  the  smnll 
amount  of  oil  which  the  shale  was  capable  of  yielding.  Since  then  bituminous  shtilo 
ha*  been  worked  at  other  places^  as  for  inatani'e  at  Wareham  in  Dorsetshire;  but  the 
small  amount  of  produce  has  always  been  an  obstacle^  especially  while  richer  mat^rialfl, 
to  be  menrioned  presently,  were  worked  luidKr  ^>eeial  advantam^  and  while  the  copious 
supply  of  petroleum  from  America  continued.  But  now  that  these  conditions  are 
i'}miiged,  bituminous  shale  yielding  about  the  same  average  pKMiuce  as  the  Autun  shale 
is  being  worked  with  considerable  adTsntage  in  Scotland. 

%  P^iroleum,  which  generally  contains  paraffin *oil  and  paraffin  ready  formed  as  eon* 
sUtuents  of  it,  was  the  first  material  which  was  puccessfully  worked  for  the  manufacture  of 
hydrocarbon  oil,  chiefly  for  lubricating  and  to  some  extent  for  burning.  About  the  year 
1847,  Mr.  James  Young,  then  of  Manchefiter,  obtained  the  right  of  working  a  spring  of 
dense  petroleum  (ipecific  gravity  0-900)  which  had  been  diseoTered  in  a  Derbyshire 
coal  mine,  and  he  succeeded  in  rendering  it  aTsilable  during  a  period  of  two  or  three 
years.  In  1854  a  patent  (No.  2,719)  was  granted  to  Mr.  Warren  De  La  Rue  for 
the  manufacture  of  paraffin  and  other  hydroearboms  from  petroleum.  The  raw  ma- 
terial which  he  used  was  the  Rangoon  tar  already  described  (p.  3).  This  substance  is 
ftubmttt«d  to  a  current  of  st«am  in  a  capacious  still  whicii  can  also  be  heated  externally. 
The  more  volatile  portion  then  distils  over,  and  is  afterwards  separated  by  rectification 
in  a  simiUr  apparatus  into  products  differing  in  volatility.  The  last  pottions  of  the 
residue  are  then  mised  to  a  nigher  point,  while  superheated  st^am  is  passed  through  it. 
The  last  portions  of  tlds  second  di^tUlAte  are  very  rich  in  paraffin,  which  is  separated 
as  far  aapoj^siblo  by  cooling  and  filtrution.  It  is  then  &ubuiitted  to  pivssuro,  and  ja 
finally  purified  by  admixture  with  sulphnric  iicid  at  IDO^  C,  washing  with  soda-Iev,  and 
distillation.  The  heavy  oils  sepnraied  trcm  the  paraffin  are  said  to  be  well  adapted 
for  lubrication.  The  proportion  of  the  several  pro«iucts  obtainable  in  this  manner 
from  Rangoon  tar  has  been  already  given  under  Nafutha  (p.  3).  This  Rangoon  petro* 
jeum  wss  largely  worked  until  about  the  year  1860,  when  enormous  quantities  of  petro* 
lenm  began  to  be  imported  from  Amennt,  and  for  a  time  almost  supers^^ded  every  other 
source  of  supply  (>ee  Prtkoleum).     These  supplies  are  now  rapidlr  decreasing, 

4.  PfaL—A^m^lt  1849  an  attempt  wiis  made  on  a  large  scale  in  Ireland  to  obtain 
paraffin-oil  and  panifiin  by  the  di>^tilliition  of  peat,  but  the  yield  of  crude  oil,  not  more 
ihan  twognllon*  per  ton,  wa>  ton  small  to  \m*  rcnmnpnitive.  Certain  kind«of  pest  hftv« 
however  been  worked  successfully  on  the  Continent  and  in  the  Hebrides.     At  the  latter 
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pbee  Hi  much  bs  fiT«  to  ten  gulloiu  of  refincMl  oik  and  Mr«ffi&  irere  olAjuncd  from  lb* 
Ion  of  peat     A  tmomi  obstacle  to  tbe  working  of  thi*  malehal  ]«  the  ation^  4*^ 
Mgroeable  Bmell  of  tbe  oil  obtiiined. 

4.  Lignite, — ThiB  mtit^'rial  hu  been  larg^lj  used  on  th«  GontineDt  for  the  \ 
ton  of  paraflLB*oU  and  paroilln.     About  tbe  jear  IS^^O  vorkj  were  e«tablisbfld  al  1 
opposite  BoDo  on  tbe  Rhino,  aad  at  WeinsenfelB  (p.  344).    Tbe  pioceM  is  fidlj  deoeribcd  i 
Hofmann'fi  Ecport  on  Chemical  Ptwlncti  aod  Procenesm  the  iDternational  ExbibitT 
of  1 862.     Tbe  products  obtained  in  tbe  final  rectification  are:  a,  Voktile  oila  called  | ' 
togcn,  nnd  i»olar  oilti  u»ed  for  illuminating ;  6.  Paraffin ;  e,  A  rolutile  spirit  trailed  benaol^ 
d,  PhsniA  or  Carholie  mid  obtained  a«  a  bye-prodnot  by  treating  the  oLJa  witb  eaoalf 
soda  in  th(*ir  purification,  and  nenlnilinng  the  aUcaline  lienor  with  snlpboric  acid. 

The  liquid  called  ''  photogi^n  "  is  a  volatile  oil,  wbicb,  u  properly  oonstruct^*!  lamp 
girei  a  light  equal  to  that  of  gaa,  and  boms  very  eoonomieally.  Thi*  fint  quality  lUll 
a  spedflc  gravity  of  0785  to  0-796,  and  is  m  dear  as  water.  Tbe  second  quality  i 
ratneir  yellow,  and  baa  a  specifie  gravity  of  0*805,  The  third  qnolity,  caUed  **  solar  oil/ 
in  yeUow,  has  a  specific  gravity  of  0835^  and  is  used  ftis  the  tUiunination  of 
streets,  railway  carriages,  and  locomotives. 

The  purification  of  tbe  crude  paraffin ^  separated  by  lefSrigerution  &om  tbe  parafliri 
oil,  is  oommenood  by  placing  it  in  eentjifugal  machines,  by  which  a  further  quantity  « 
thick  oil  IS  expelled.  Tbe  mass  thus  cblaiuHd  is  then  oaat  into  cakes,  and  submittedj 
to  hydraulic  pressure,  first  in  the  cold,  aAerward^}  with  application  of  a  gentle  he 
Tbo  object  of  this  lost  opemtion  ia  to  remove  all  hydrocarbons  haTing  a  lower  meltintf  J 
point  than  40"^  C.  (104^  F.).  For  this  purpose  there  are  pkeed  on  the  horiaotitJ[| 
pTOSW  between  each  pair  of  paraffin  cakex^  hollow  plates  thjt>ueh  which  water  of  3Ji^ 
— 10^  C.  (05^—104^  F.),  is  made  to  fiow«  In  this  way  tbe  hydrocarbons  in  qnestio 
are  ftaed  and  squeezed  ouL  The  pressed  paraffin  is  then  heated  to  150^  C.  {20%^  ¥,\ 
either  ov«r  a  fire  or  by  means  of  steam,  and  the  melted  mass  is  mixed  with  2  per  eenlCj 
of  strong  sulphuric  acid,  by  means  of  wbidi  all  the  hydrocarbons^  not  t^ing  paraffin^  | 
nre  carboniHod,  while  tb«  pure  paraffin  remains  unaltered.  The  latter  is  then  carefaUwj 
washed  with  hot  wnter,  and  mixpd  after  cooling  with  the  best  colourless  phofogen,  aadl 
introduced  into  iron  jucket-cylindci^,  in  which  it  can  be  kept  warm,  and  wl^re  it  i 
tiltercd  through  animal  churcoiiK  The  pnraffia  is  thus  rendered  white,  and  maj  fatf  I 
ciimpl€»tely  Bepiimtcd  from  photogen  by  treatment  with  slightly  imperbeated  sV 
The  paraffin  tlins  obtained  is  perftM^ly  oolourlesi,  and  beaotiMlv  truneilucent  j  it  i 
at  %{P  C.  (140^  F).  and  is  so  hard  that  candies  made  of  it  are  said  not  to  befid  wlie 
exposed  to  a  temperature  of  30^  C.  (86^  F.). 

6.  Oj>a/.^^Tbe  cool  firom  which  Reicbenbach  obtained  pamffin  oil  andpaxMfia  ^ 
tbe  kind  commonly  u«ed  as  fuel  and  capable  of  yielding  only  a  small  amonmt  of  tar  1  _ 
diHtillation  at  a  low  rod  hi^at,  probably  not  more  than  ten  gallons  from  the  ton.  For  t\A 
reaiiOD  atone  it  would  have  been  impoasible  to  employ  such  a  Material  as  a  smnve  of  I 
these   produ(<ts,  especially  at  that  time.     Varietii'S  of  cool  and  similar  miner&ls  haw  J 
however  been  discovered  since  then,  come  of  which  are  eapablo  of  ^H elding  as  much  aa  I 
100  gallons  of  erode  tar  per  ton.  A  mineral  of  this  kind,  somewhat  approximating  te  coal#  ] 
or  rather  intermediate  between  bituminous  shale  and  what  was  comroonlj  known  a?  coal,  \ 
occurs  near  Bathgate  in  Scotland,  and  was  bi  ing  introduced  for  gas^making  under  the 
name  of  Boghead  gas  coal  or  Cannel  coal,  ju^t  about  the  time  when  the  atcfTpag^  off  1 
the  petroleum  spring  above  mentioned  compelled  ^Ir.  Yoang  to  seek  another  sonrM  ofJ 
supply  for  the  manufflclure  of  lubricftting  and  burning  oQ.     After  having  made  manj^  T 
triuls  of  diferent  kinds  of  coal  which  did  not  yield  by  distillation  a  sufficient  amount  I 
of  oily  products  X^  be  worked  advantageously,  or  ■  tar  of  soch  a  character  as  is  snitabia  \ 
for  this  purpose,  Mr.  Young  fortunately  became  acquainted  with  the  Boghead  or  To«w 
banehill  mineml  in  1860,  and  finding  it  to  yield  by  diatiUatioii  an  unasnally  lai^  i 
amount  of  paraffin-oil,  he  nt  once  obtained  a  psLtent  (No.  13,292)  for  a  method  of  *'  '-^  '   ^ 

ing  bi  turn inouft  cDub  to  obtain  paraffin  and  oil  containing  paraffin  therefroro,'' 

ctrnBist^rd  in  distilling  them  in  an  iron  retort  *' gradually  heated  up  to  a  low  red  htat,**^! 
snd  ke^4  at  that  temperature  until  volatile  products  ceased  to  come  offi  Under  tha  \ 
prut«>ctioD  of  this  pat«at  he  has  since  developed  this  manuJhcture  into  a  highly  impart 
t«nt  branch  of  industry.  Owing  to  the  exceptional  richnesa  of  the  Bo^ead  mineral  aa  i 
a  source  of  paraffin  oil,  it  was  for  a  long  time  impossible  to  compete  with  it  by  working  I 
bituminous  shale  yielding  only  about  twenty  gallons  of  cmde  tar  per  ton^  althoagh  thai  j 
material  was  not  compri«ed  tinder  the  patent,  and  up  to  the  year  1860  no  other  ma*  1 
terioJ  WHS  known  which  cr^nld  bo  used  for  this  purpose  with  the  same  advantage  aa  tha  J 
Boghead  mineral.  Consequently  it  was  the  only  material  used  until  the  Leeawood  J 
caunel  was  discovered  near  Mold  in  Flintshire,  a  true  cannel  eotd  which  yields  nearij  \ 

■  *  "^  1*3**'''  ^«own  tJJ  thii  name  U  not  the  b«iiol  olKaini^l  from  ftnt-Ur  »aphth«.  butamixtafworHia  1 
lover  hf^m/fy  homdlogout  with  martti-fas  or  thai  porUoci  ol  \ht  oU  whkh  U  too  rol«tlle  fo/  txiraint  la^ 
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iia  tnuoh  oil  M  tb*  Bo^mA  iiBiii<nil,  and  which  b«s  moe»  been  Jargel  j  woriud  for  lli« 

pfitdudion  of  paml&ii  oil  ftod  paraffin. 

In  th«  manutkciure  of  tht^e  producU  by  tho  distiUalioo  of  ooaJ,  itc^  it  ii  vm  iin* 
ttAOtt  lor  tha  rrtmuM  abd>fa  alatod,  to  ffCftni  t^  b«i  from  rist  og  i%b(tfe  low  reoB^Wt 


into  parmanent  gaa. 


Mm 


■MMfti 


pofttOD  of  (ha  lifqiiid  prodocta  are  cooverWd 


Th«  foUoming  w  a  li«t  of  the  prindpoi  mamoizs  ralaiiag  to  paraAo  and  allied 
mMen,  armiig«<l  dironoU»gicallj  : — 

IS30.     K^ichenbach.^Prepamti9n  of  paraf&a  by  the  irj  diatillatioQ  of  wood  ;  it« 

prop*rtif«,     Sckw.  J,  Ux.  436  ;  Ixi.  273  ;  Uii.  129. 
1832.     Ettiin^ — ForRhaliaD  of  pivniffiii  by  the  dry  dititillatioD  of  traac    Ann,  Ck 

HarfH.  ii.  2^3. 
18S5.    Lanretit. — ^Occmrenoo  of  paniAn  in  the   produeta  of  the   du$tillAtion  of 

bitiutdooiiia  ahola.     Ann,  CK.  Fkarm,  x^.  27 3« 
1A48,  1S50.     6 rod !«.— Paraffin  from  baeawax  and  Chineae  wax.     Ann*  CA.  Pkarm, 

IxTii.  210  ;  Ixzvi.  lo6. 
1849.     Ref»c  0,<^Pr<^piimtioD  of  pamffin  hy  the  dry  ditftilUtioii  of  peat.     TimeSi  July  28, 

1H49  :  DingL  pol.  J.  cjdiL  237,  317* 
IH50.     Jame»  Young.— Sf deification  of  patent  ibr  treating  bitnminoiia  coala,   to 

obtmii  parafiin  and  oil  oontaimng  pai^ffia  thturfKini  (No,  13,292). 
1861.     KaiK",  SunivunaQdQage& — Th«  nature  and  produc^ta  of  the  prooeeaof  tha 

destructive  dijitillatioa  of  peat      Moseiim  of  Irish   Induatiy ;    Rt^ort  to 

Ckitf  Cotnmissioner  qf  Wooat, 
Ib&X*     Heichenbach. — Pttnflcatlon  of  erode  paraffin  b^  diaUllatioQ  with  idphuric 

a<?id.    Jahrhutk  d,  k.  k,  gfoloo,  Hdchmnsttdi^  iii  Ko.  2,  p.  36. 
1843.     W.  Bruwn.— Prepamlioo  of  foWile  produrta,  especially  paraffio^  from  oooU 

Hnd  bitaroinott«  aubstaucca,     Ch^n,  Gtif.  1853,  p.  476. 
1864.     Warren   De   La    Bua. — SpeeitloHtioB  of  patent,   fjr  the  mannfacture  of 

paniffin  %nA  hydrocorliona  from  petroleum  (No.  2J19). 
1S56.     W  a  g e  n  m  a  n  n. — Manofactttro  of  paraflia  itnd  voktile  hydrocarbons  from  coal 

and  bitufutnoua  ahale.    DifigL  pttL  J,  cxixrii.  36. 
1 855.    A  n  g  e  r  » t  tn  n . — Prepanitiou  of  Hiioilar  prod  u  ci  if  from  iiiferior  IciiidB  of  lign  i  ifi 

Of  peat     DimL  pU.  J.  cxxxriL  49. 
1855,    Fri'scDin it.— Examination  of  oertain  Liaiiitoa  from  the  Weaterwatd,    with 

respect  to  the  pro<luct»  which  they  yield  by  dry  diatilkUoiL    JHtfffi.  poU  J* 

cxxxviii.  129. 
1855.    £  o  gel  bach. —Prodocta  of  the  diatillatton  of  bitumiDoua  shale  from  Werther, 

oaar  Bielefeld,     IHnoL  poi.  J,  cxxxviiL  380. 
1855.     H.  Schroder. — ^Producbi   of  the   di^tilJAtion   of   the    bituminoua  shale  of 

Bruclisul.     IHnnL  pol.  J^  cxxxriii.  437. 

1855.  Earmarsch.— lllumuiatizig  power  and   valne  of  paraffin-^andleii.     DingL 

vr*L  J,  cxxxnii.  188. 

1856.  Ul  V  o  h  L— On  the  jirodticta  of  the  distiUution  of  Rhenish  shule  (BlattfTsrhtr/cr\ 

vtirioujt  kindM  of  li^it^  und  peat,     Ann.  Ch.  Phann,  jurvil  9  j  xcviii.  181, — 
BingLpot.  J.  cxxxix.  216;  cxl.  63.—/.  pr.   Ch*  m.  Ixvii  418;  IxTiii.  604.-^ 
Ckem.  Cmtr.  1856,  pp^  342,  455. 
1856.     C  Mailer.— Producta  of  tho  diMttlktij>n  of  lignite  from  tho  neighboarhood  of 
Ausflig  in  Bohemia.     2^t»ihr.  rharm,  1856,  p.  90. 

1856.  P.  Wag  en  ma  nn. — On  tlte  atnoiuit  of  paniffin,  &:c^  obtained  from  Turiuua  kimia 

of  peat,  U^ite,  and  Hhidi)  (p.  315).  DingL  p>/.  J.  cxxxix.  293. — On  the  pre* 
paratioa  of  photogim  and  panifBii  from  pK'sit  luid  lignite  by  distillation  in 
fomac««.  DmgLfMif.J.  cxl.  461;  CA^m.  Cattn  1856,  p.  699. — On  paraflin 
and  photogeo  in  ^neml.  Diugf.  puL  J.  cxxxix.  3l>2.— On  the  diatillation  nt 
paruMn  ou  ajidphotogea  In  viicuo,  Dingl,  poL  J.  cxxxix.  43  ;  Chem,  CmtK 
1856,  p.  97* 
1B56«  Bell  ford.— Apparatus  for  obtaining  paraffin  and  mioienil  oil  fr*om  shale  and 
other  bittuxunoua  substaDces,  RtptrLiry  of  Palcni  DivenitQns,  Aog.  1851; 
Dingi,  pol.  J.  cxxxix.  42. 

1857.  Process  (patented  in  tht>  mime  of  A.  V.  Kowton)  for  obtaining  oil  sdnpted  for 

illumination^  from  lx^uit<^  and  bitummons  Uiiile,  by  the  first  dijiliUiition. 
Rrptrtorg  of  Ptttfnt  hii^fitums,  Jtiu.  1857  ;  Dtn^L  pol.  «/.  cxxxix.  42, 
1857.  Vohl — On  the  pivpamtion  and  purification  of  solid  and  11411  kI  dbtilled  pro- 
dueta  »diipf*'d  for  illunfintitioa.  from  mineral  substances.  Ann,  Ch.  Phartn. 
eiii.  283. — On  the  quantities  of  photo^en,  puraffin,  &e,,  obtained  fmm  the 
lijrnite  of  tho  Rhnn,  Dtt*yl.  pf*L  iK  cxliii,  3fj.'J  ;  fnjm  die  f^at  of  ftost^x-kimi 
in  Rusnia,  ibid,  cxliv   ti*  :  uud  from  iln*  ru&idonienschiefer  of  Wurtcmburg, 
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ihid,  ciXy.  47.— Report  on  the  qnantities  of  ToUtile  illnminiitiffg  mmlcrialB  ob- 
tainable from  Tarioufl  bituminous  materials,  ibid,  czIt.  61. — Similar  xepocto 
by  P.  Wagenmann,  iind,  cxlv.  309;  and  C.  Mailer,  ibid.  czItL  210. 

1867.  B.  bubnerand  R  EorkeL — On  the  quantitiefl  of  light  and  heKfj  oQa, 
paraffin,  &c.,  obtainable  from  yaiions  kinas  of  coaL  DingL  pol.  J.  OKliii.  143 ; 
Chem,  Centr,  1867,  P.  130. 

1867.  Th.  Engelbach. — General  riew  of  the  proaueti  of  the  di«til]«tiaii  of 
mineral  rabstancefl,  A^,  aa  illuminating  materiak,  and  eepedally  tha  bitamm- 
ous  sand  of  Heide  in  Holstein.    Ann.  Ch.  Pharm,  ciiL  1. 

1867.  6.  Hiibner. — On  the  industrial  working  of  lignites  for  the  pnparatum  of 
photogen,  paraffin,  &c    DingLpol.  J.  cxlvi.  211,  418. 

1 867 .  0  r  t  h. — Illuminating  power  of  schist-oils.    Dingl,  pol.  J,  czUt.  898. 

1 868.  V  o  h  L — Further  communications  respecting  the  preparation  of  paraflffa,  and  the 

utilisation  of  the  secondary  pfoduets  obtained  in  its  manuiai^ore.  AnH.  CK 
Pharm,  cyii.  46. — ^In  abstract,  together  with  the  results  of  prerioos  eommiini- 
cations.    J.  pr,  Chem.  Ixxr.  289 ;  Rip.  CUm.  tmp,  i.  37. 

1868.  C.  SprengeL  L.  Unger. — On  the  dr^  distillation  of  lignite  and  other 
bituminous  minerals.    Dingl.  pel.  J.  cxliz.  220,  468  ;  cL  180. 

1868.  Vohl. — ^Examination  of  Burmese  naphtha  or  Bangoon  tar  aa  a  raw  material 
for  the  preparation  of  photogen  and  paraffin.  Dingl.  pol.  J.  ezlTii.  874. — J. 
Barlow.  On  the  treatment  of  this  mineral  oil  for  obtaining  a  paraffin-like 
substance  (Belnumtin),  liquid  hydrocarbons  fit  for  illumination,  m.  Comnot, 
xii.  613. 

1868.  Vohl. — On  two  illuminating  materials,  riz.  Pinolin  (a  product  of  the  distilla- 

tion of  American  pine-resin),  and  Oleone  (a  product  of  the  lime-salta  of  fstty 
acids,  obtained  by  precipitating  waste  soap-liquor  with  chloride  of  calcimn, 
with  addition  of  a  small  quantity  of  quicklime).    Dingl.  pol.  J.  czItiL  304. 

1 869.  Hii b n  e  r. — Further  contributions  to  the  manufacture  of  photogen,  solar  oil  and 

paraffin,  from  lignite.    Dingl  pol,  J.  cli  119. 
1869.     Wagenmann.— New  raw  materials  for  tS9' preparation  of  photogen   and 

paraffin,  occurring  in  Scotland.    Dingl.  pol,  tT.  ch.  116. 
1869.    Vohl. — ^Examination  of  various  bituminous  materials  with  respect  to  their 

applicability  to  the  preparation  of  illuminating  materiala.    Dingk  poL  J,  cHL 

306,  390 ;  cliii.  328;  Ann,  Ch.  Pharm.  cix.  182;  J,  pr.  Chem.  Izzrii.  206; 

Chem.  Centr,  1869,  pp.  386,  490,  617 ;  Rep.  Chim.  app,  i.  292. 
1869.    J.  E.  Hess. — Amount  of  photogen  obtained  from  a  peat  occurring  in  Anhalt. 

Dingl.  pol.  J.  cliii.  380 ;  Chim,  Centr.  1860,  p.  164. 
1869.    C.  Hasse. — On  illuminating  materials,  &c,  obtained  by  the  distillation  of 

Gallician  petroleum.    Dingl.  |n>/.  J.  cli.  446 ;  Sip.  Chim.  app.  L  292. 
1 869.    J.  M  i  t  c  h  eL — On  the  purification  of  paraffin.   Rep,  of  Patent  InvenHona^  April 

1869,  p.  300;  Dingl.  pol.  J.  dii.  160. — Kernot — On  the  same.     London 

Journal  of  ArU,  Sept  1869,  p.  160;  Dingl,  pol,  J.  cUt.  64.— C.  Qt.  Mailer. 

— On  the  same.    Dingl.  pol.  J.  div.  227. 
1869.    F.  C.  CaW  ert. — On  the  variations  in  the  composition  of  ooal-tar,  aoooiding  to 

the  kind  of  coal  frx>m  which  it  is  obtained.     Compt,  rend.  zliz.  262 ;  Jakn^. 

1869,  p.  742. 

1859.  AntiselL — The  manufacture  of  photogenic  and  hydrocarbon  oiU  fkom  eoal 

and  other  bituminous  substances  capable  of  supplying  burning  floida.  New 
York  and  London  ;  notice  of  the  same  by  F.  n,  Storer.  8ilL  Am.  J.  [2] 
XXX.  112,  264. 

1860.  L.  Unger. — On  the  composition  and  occurrence  of  hgnites^  espedallj  adaptfcd 

for  the  production  of  tar,  and  on  the  treatment  of  the  tar  for  obtaining 

paraffiin,  photogen  and  solar  oiL     Dingl,  pol,  J.  dr.  41 ;  Chem.  Centr.  1860, 

p.  616. — On  the  qualitative  and  quantitative  diffiBrences  in  the  tar  obtained 

from  lignite,  according  to  its  structure  and  mode  of  occurrence.     DingL  poL  J. 

clviii.  222  ;  Rip.  Chim.  app.  iii.  240. 
1860.    H.  Peruts. — ^Description  of  the  retort  furnaces  (for  heating  hsnite)  in  the 

photogen  and  paraffin  factory  of  Wilhelmshiitte  near  OscherMheben.     JHngl. 

poL  J,  el?.  66. 
1 860.    C.  Z  i  n  c  k  e  n.— On  the  illuminating  power  of  the  products  of  the  diatiUation  of 

lignite,  &c     Dingl.  pol.  J,  dv.  128,  216. 
1860.    Dumoulin  and  Cotelle. — On  a  method  of  rendering  heaTj  eoal-tar  oQ 

adapted  for  illumination.     Chem.  Centr.  1860,  686. 
1860.     W.  Schmidt. — On  the  quantities  of  illuminating  oils,  perafflba,  Ac,  obtained 

from  various  kinds  of  Russian  peat.     Chem,  Centr.  1860,  p.  804. 
1860.     H.  Schwa rz.-  -On  the  applicability  of  Gallician  petroleum  to  the  pwpmnJdon 

of  photogen  and  solar  oil.    Dingf.  pol.  J.  dvi  464. 
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1861. 


1662. 


IB61 
1861 


Vohl — On  the  cftOMi  of  the  Culure  otminy  {ketone*  of  p&raifiii  and  photogen 
DinpL  poi.  J.  eliL  376. 

A.  De saner. — On  eoal«  petroWam  aod  di«till«d  oils,     Sro.  New  York* 
Dullo. — On  the  pnpar«tion  of  mmeral  oiU  uid  panffin  from  ranous  raw  qui- 

iciiAUt  Ckem.  Centr.  1862,  pp,  252,  265, — being  mn  extract  from  hia  work 
entitled  "  Die  TorfTcrwerthimg  in  EaropA/' 

B.  H.  Paul. — On  the  working  of  the  bituisinouB  peat  of  Lews  Ifllaiid  (Hthiidett)^ 
for  the  «iiQs  purpose.      CA«m.  Neu%  ri.  221,  243. 

A.  H,  Churctu— On  the  oil«  obtained  from  Alb*  itite.     Ckan.  Newt,  Ti.  122; 

i?ip.  CAim.  tfRp,  IT.  41d. 
Perutz*'~Onthe  reoOTerjand  QtUiAation  of  Uu 


I 


1862. 


1863. 
1863. 


1863. 


1863. 


1863. 
1864. 


HL'id  and  alkaline  liquidt  em- 
plojed  tn  the  purification  of  mineral  oili.     I/ntt^L  pol.  J,  <*t«ti   65. 

S ten  home. —Application  of  paraffin  to  the  impreg;natioQ  of  leather  and  tii* 
sueB,  to  fender  them  aiP>  and  water-tight.  London  Jownal  of  Arts,  September 
1862,  p.  U4;  Dingl,  pol,  /.  cxlrii.  72. 

B-  H.  PanL — Destructive  difftilUtion,  conaidercd  in  reference  to  modern  In- 
dnatrial  Art*     Jov,r.  Soe.  ArU,  a.  470;  Chem.  News,  Tii.  282,  viii.  66.  78. 

G.  T  b  e  D  i  n  e. — Kiamination  of  peat  from  Salzburg  and  lignite  from  EUnbogeiip 
with  rqgaid  to  their  adaptability  for  the  prepanition  of  photogen  and  pan&n. 
IHngLpd.  J.  cbaz.  363,  467;  dzx.  296.  361. 

H.  Lahore. — Deaeriptioo  of  an  apparatus  with  revolving  retoite  for  the  distil- 
lation of  ecbista,  asphalt,  Stc  Ikngl  pol.  J.  clxx.  104.  W.  M.  Wi  11 1 a m s.— 
Deeeripdoo  of  reverberatoiy  fbmacea  for  sintiUr  purposes.  Le  Ttckn^loffhU^ 
June  1863,  p.  458  ;  Di^L  pot,  J.  ckx.  106. 

Breitenlohner.— Froceea  for  improTLug  bear/  oils  obUinod  ^m  peat-tar 
and  rendering  them  fit  fbr  illumination.  Dingl.  pol.  J,  cxlTiL  378 ;  Bull. 
Soe.  Ckim,  tL  71. 

A  W.  Hofmann.— Report  on  chemical  products  and  procesaca  in  the  Inter- 
national Exhibition  of  1862,  pp.  138— U4. 

B.  H.  Paul. — Artificial  light  and  lighting  materials.     Jour*  8oc,  Arti^  xii. 
311;  J<mr,  Franklin  Imtttutf,  1865. 
See  alto  the  eereml  volumes  of  ffWner**  Jahresbericht  ubtr  die  Fortsehtiiti  und 
Ltittunfftn  dtr  chemitchtn  Ttckiwhgif,  Leipeig,  1865 — 1864.  B.  H.  P. 

»Am&aX.OBI7SiikRS7I]r.     See  Globui^auia  (ii.  846). 

V^AJULIiUAT  TXA  or  Ytrbo'inatf. — I'he  dried  learee  and  twigs  of  PsoraUa 
giandulotOt  L,,  Her  parapwiymsit,  St.  Hilnire.  Thej  oontain  caffeine,  M  to  12  p«T 
cent  according  to  Stenhouse  (Phil.  Hog.  m  xxtii.  426);  0*44  per  cent  according 
to  S  t  a  b  1 3  c  h  m  i  d  t  ( Pogg.  Ann.  cxii.  411 ). 

9AMAM^srFS»mwm,    Sjn.  with  $  Hexylene.     (Sob  KEXruan,  iiL  155.) 

PABJL&AC^ZO  ^GZI>.  8jQ.  with  SAACoiiAcnc  Agio.  (See  Lacnc  Acm,  iiL  4/J7.) 

FAXiiSiatnillir.    See  Album fN  (i.  68). 

P Alt ^Tjffc'BirwTfca^  The  liquid  modifictition  of  aldehjde  obtiuuedby  Weiden* 
busch  (see  AxnEYHTDB,  i,  103).  According  to  Liebeo  (Jahrreb.  i860,  p.  103),  it 
is  «lso  produced  bj  heating  aldehyde  with  t4hyHc  iodide  to  100^  iu  a  sealed  tube.  It 
melts  at  12°,  boils  at  123^— 124°',  and  han  n  vapour-denMitj,- of  4  71  >  agreeing  nearlir 
with  that  calculated  for  2  toL  from  the  triple  formuU  of  aldehyde,  C"H'*0*.  It  la 
probablj  identical  with  the  modification  of  aldehyde  which  Geatlier  and  Cartmell 
obtiiined  by  the  action  of  sulphurous  acid  upon  aldehyde  (melting  at  10°,  boiling  at 
124°),  perhaps  also  with  Feb  ling's  elaldehyde.  A  body  having  the  same  properties, 
excepting  that  it  melts  at  4°,  b  prodnced  by  saturuting  aldehyde  with  eyanogeo  gas^  and 
leaving  Oie  solution  to  itaelf  in  a  sealed  tube  for  sometime  at  the  ordioazy  temperature. 

FiL&AIt^S&OSTmXASK.  Compounds  analogous  in  composition  and  exhibiting 
equal  diftlroiiivjs  of  aloitnc  volume,  are  called  by  Scheerer,  parallel oittric  compoundM, 
(Si^f  IscjMoupiiisM,  iii.  432.) 

FAJtilY*OGXTS«  A  salicaie  of  aluminium,  calcium,  and  sodium,  intergrown  with 
lapiy  luzuli,  frum  the  neighbourhood  of  Lake  Baikal,  in  white  four  or  eight -sided 
prisms,  harder  than  quartz,  having  a  spedfie  gravity  of  2*665,  and  melting  before  tbe 
blowpipe  to  a  colourki^  glass.  It  contatna,  according  to  T  bore  Id,  44*95  per  cent, 
silica,  26-89  alumina,  144 4  lime^  10'86  soda,  M)l  potash  (with  1  85  lo&s)  {RammtU- 
f^Tifs  Mincra/ckrmie^  p.  778).  According  to  Kokscharow,  N.  Petersb.  Acad.  Bull. 
L  231),  it  has  the  same  angles  as  mtyonite,  and  may  be  regarded  as  a  variety  of 
scapolite. 

A  labetance  isomeric  with  cyanamide,  CH^X',  produced  by  the  action 
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of  carbonic  anUjdiidc  on  aod^tmidix     It  crjuAaliiflCfl  In  oooetmLru*  groups  of  fine  i 
ptrisms,  soluble  in  wtiter  and  alcoJiol,  meltmg;  At  100^  when  drj  (cjaDamid^  mv^lt«  n 
40^X  &°<I  •olidifying  again  in  t}ie  cj^abdline  fcmii  at  about  180^.     It  is  furiber  dt««l 
tinguisbed  from  cyanamide  (il  18ii)  by  not  forming  eitber  a  yellow  alver  compcitiAdl 
or  ft  brown  cop^x^r  compound.     Cyanamide  chtingm  into  psuum  wban  left  to  itst^lf  for  &  | 
long  time.     (B  e  i  1  s  t  e  i  n  and  O  e  u  t b  er,  Ann,  Cb,  PbaniL  cviii*  B$,) 

YAmAmULXtSSC  A.etO*    Sjn,  wrtb  FcTMAJUC  AciP  ^i.  7^1). 

PAHftMik'*'*"  ACID.    Syn,  witb  Dioltcoluc   AdD.    (See  Gx^YOOLUcAon^j 
IK  912.) 

WMMJimiXCOWTC  ACTO*     SjUs  with  Conxsnc  Acid  (i.  1103). 

»AKA]kSSirzsl>ILm»fI]7S.     See  Msjaspsjuim  (iii.  B8€). 

mtStSSS^^"'  {     ^^  Kbixitic  Acid,  Aicdm  or  (iU.  873). 
PikSUklis^ESOSSM^ZOZC  ACSS.    Syn.  with  Faraoxtskioamsc  Agb>  (p.  3M). 
9AMA,Wtom9MMMM»     Hyn.  with  Thxbajlnb. 


yARJLMOSPHaiTS  CRTSTAZiS.  This  term  wiu  first  applied  by  W.  Steinj 
and  at>erwardrt  adopt«i  by  Sc bearer  (J,  pr  Cbem.  Ivii-  60)|  to  d««igriate  c»rtaint 
paeudomorpba  in  which  a  «:hangeof  molocular  ftTructtin^  hoA  taken  place  without  altera  | 
a! ion  ofext«TOsl  form  or  chomical  constitution:  for  example,  the  raonocliotc  crjatakl 
of  fused  Mdphur,  which  ^mduallj  Ix^come  opaque  and  ara  tbf  n  found  to  be  madt*  up  of  I 
crj'staTline  partick'S  having  tbf*  trimetric  form  of  sulpliur  djataUised  from  fiuion  atl 
low  tempi'ratares  (ii*  332) ;  also  crystals  of  arragonite  (trimetric)  altef«d  mt«maUj  t^^l 
CJil4?4*par  (rhombohedral),  and  of  iron  pyrit-es  (mouometpic)  altered  mt^miillj  to  mai^J 
am te  ( t ri m etric ).  Scbeerer  also  regard h  as  pammoTOhs,  man j  inataocea  of  pM^udrv I 
Tnorjibism  in  whtclj  a  change  of  chemical  composition  baa  taken  plaee  aa  well  aa  uf  1 
tnoU^cuhir  stnieturf,  r.ff.  the  crystals  of  acapolite  occurring  at  Saanim  and  Kr»gftro<f,  iiil 
Norway »  which  consist  of  crystallo-grannlar  masaee  of  orthodaae  or  albite,  8«pp<^A9 1 
that  Iheae  minerals  are  dlmorphoui  and  loznetimeo  orataUise  in  the  form  of  scftpolite^  I 
For  a  full  diacaasion  of  tha  subject,  see  Scheerer  n  article  PanAMOKPHoaK  in  ihei 
IlandwSrterbuck  der  Chetnu,  tL  53;  tlao  Jahresb.  1852,  p.  302;  tSdS,  p.  800;  186^  J 
pp.  872,  888. 

WAMiLSSUCXC  ACSD.  An  ifir>merir  modification  of  Riueic  add  produced  hf\ 
prolonged  boiling  of  the  lalter  with  water  (iii,  1067). 

PARABfTXSirS  or  J>iamt/frne.  CJ^'H*.— A  poljTn eric  modification  of  amjleo*  I 
which  paiiifis  over  at  160^^  when  amylic  alcohol  is  distillled  Mrith  diloride  of  zinc 

YJLSAJCTXiOjra,    The  mmie  givan  by  Gottlieb  (Ann.  Ch.  Pliarm.  Jxxr.  51) 
to  imall  grainfl  reeembtiiig  wheat-starchy  which  are  contained  in  considerable  qaantitj  i 
ia  Euglfna  viridU,  &  species  of  infusoritmi.  They  are  white^  iaaolubla  in  watar  and  dilute  j 
acidfS  and  hare  the  composition  of  starch.     At  200°  they  are  converted  into  a  taatalfwa  i 
gummy  masS|  solublfs  in  water.     Fiiuiing  bydrL^chloric  acid  cooTerta  tliem  into  glnooae* 

YASJilffAPHTaAXajrZI  or  AMTMrnACEirx.  G^'H^*.— A  bydiOGarb<n  I 
discoTered  b^  Dumas  and  Lanrent  in  1832  (Ann,  Ch.  Phye.  [2]  L  1S7),  further  ] 
examined  by  Laurent  (>A/rf.  Ix,  220;  Ixvi,  H9;  Ixxii.  416)^  Fritaacbe  (Ann*  Ch« 
Pharm.  eix-  249),  and  more  completely  by  Auderaou  (Edinb.  Phil,  Trans.  3Exii  [SJ 
681;  Chem.  Soc,  Qu.  J.  xv.  44).  It  ia  produced  in  the  dry  distillation  of  coal,  bitn- 
mtnous  shale  and  wood,  and  is  contained  in  the  kat  heavy  and  semifluid  portiona  of 
tile  tar,  at  first  together  with  naphthalene,  finally  with  chryaene.  A  commorcial  pro* 
duct  of  thia  kind,  n^ed  as  a  tul^ricator  for  machineiyj  is  yellow^  sof^^,  aomewbat  lOce 
palm-oi],  and  contains,  besidea  anthracene,  a  small  quantity  of  naphthalene,  ind  a 
much  less  Tola  tile  empyreumatic  oiL 

Prcparaiion, — Crude  commercial  anthracene  ia  distilled  from  an  iron  fetort,  and  tbe 
colourless  portiona  which  pasa  OTor  at  the  beginning  are  (rreaaed  to  remore  the  oti, 
and  purified  hj  repeated  crystallisatioQ  from  ben/ene,  or  by  sublimation.  The  €soiloui««t 
ptjrtions  which  pass  over  at  a  later  atage  of  the  distillation,  are  obtained  colourleas  by 
repputed  rectification,  tben  puj'ified  in  the  same  manner.    (Anderson.) 

Fritische  Lmm^^djately  diabolvofl  anthrac<=^nf,  obtained  by  pressure  and  recfy»- 
tallisatioD,  in  boiling  benzene;,  together  with  excess  of  picric  acid,  whereby  cfjatala  of 
the  picrate  are  obtained  on  cooling.  From  thiM  compound  anthracene  may  ba  siMMUnlad. 
by  ammonia,  and  parified  by  recryatalliftation  from  alcohol. 

Pno^Mrr//>5.— Auihraceuf*  ffjrms  nniall  eolourlesa  lamina^  which  exhibit  a  silky  laacre 
when  immersed  in  alcohol,  but  bcfome  dull  when  dry.  The  laminie  which  aeparviTa 
from  solution  in  benaw^ne^  are  leas  histrou*!  and  somewhat  gmnalar  (AndersoD)^  An- 
thracene  mdls  at  213*^  (at  180=>,  aecording  to  DumaM  and  Laurent;  at  aliout  21(i**, 
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.  IVMiding  to  FritsBch«)  to  a  colourless  liquid,  whidi  soUdific*  to  altfiniiioHsvyfiitMlliQe 
IwiftM  on  cooling.  It  sul>Um«i  slowly  ut  the  heat  of  the  wmter-batb^  more  quicklj  tu 
tktn  Umiiue,  nt  a  strongir  bent,  ucid  dj«t)U  without  decompotilion  at  a  atill  higli«T 
tempflfrftture  (Anderioo),  abore  300^  according  to  Duoi&s  and  Laurent.  It  ia 
inodoroiia  if  fre«  from  em pyreumatie  oil ;  tiiatele«s.  SpcciHc  Eravtty  1147  (Reichen- 
bach). — Vftpoar-deMtity,  obi,  ■■  671  at  450^  (Dumas  and  Laurfut);  calc  ^  617. 

Anthracene  i»  inaoluble  in  w^ttr,  but  disaolves  caailj  in  boiUug  alcohol^  more  &bu»> 
daotl^  in  tther^  benzene^  and  volatiU  vili  (Anderson),  especiallj  in  oH  qf  turptntint 
(Dam SI  and  Laurent).  It  i«  not  a1tt*red  bj  alkalis,  Woeo  it  is  diaaolTed  together 
with  exeeas  ot  picrie  add  in  boiling  benzt^ne,  the  liquid  on  cooling  depoaita  deep  ruby- 
cob  ured  ci^atAla  ofpicrateofanthracene,  C»^H'«.C*H*(  N0*)*0.  Thw  conwiiind 
melu  at  about  170'*,  and  li  decompon^  wholly  or  partially  by  water,  alcohol,  «Jd 
ether,  which  dissolve  out  the  picric  acid.     (F  r  i  t  s  a  c  h  e. ) 

Deeompogitioru^—l,  Aothraoene  disaolTes  is  oil  of  vitriol^  with  green  colonr,  and 
fbrma  a  conjugated  acii — 2.  lo  contact  with  hromim^  either  liquid  or  gaseous,  it  ia 
slowly  convert4?d  into  heibrom anthracene, 

3.  Anthracene  expofted  to  a  slow  current  of  eklorine-^a*  for  not  too  long  a  time,  is 
ooDTcrted  into  hydrochlorate  of  chloranthracene,  a  small  quantity  of  b ydro- 
ehkiric  acid  ^aa  being  eroWed  at  the  aame  time.  Exposed  for  a  ehort  time  to  a  rapid  cur- 
rent of  chlofuie^  it  becomes  heated,  and  forms  hydrtichloric  acid  and  chloranthracene. 
When  heated  in  chtorine  gax,  it  abAi^rbs  a  much  larger  quantity,  givea  off  lai^er 
quantititifl  of  hydrochloric  acid,  and  exhibits  an  increasing  amount  of  chlorine,  till  after 
ei^ht  ^ya,  a  semi-fluid  product  is  obtained*  wliich,  by  solution  in  ether  and  evapor- 
attOD,  is  resolred  into  an  oily  and  a  cryttallisable  cfaiorine-compound  (Anderson), 
The  crrstals  am  solable  in  alcohal,  ether  and  beoamia;  contain  47*5  p<*r  cent.  C  and 
2-56  H,  and  are,  perbapt,  C>'H*Cl*  (calc.  47'30  pfr  omL  C,  2'64  H)  or  perliapM  a 
mixture.  The  oil  tmatad  with  alcoholic  potaaht  yidda  more  than  one  cryatalliaabie 
subdtance.     (Anderson.^ 

4  ^  „t^,«..n,.np^  ig  ijiit  ahghtly  attacked  by  cold  nitric  aeii,  bat  by  boiling  for  aevf^ral 
days  A  icid  of  specific  gmTity  I2it  is  converted  into  oxanthraceuc,  Citric 

of  ppr-  ry  14  Jikt^wific  form£  oxantbracene,  but  mixed  with  othfr  product*;  if 

fuming  uiirie  tMi^id  be  added  at  the  tame  time,  dinitroxanth  race  n  e  in  abo  produced. 
These  compoundi  separate  out  on  coolings  whilst  a  crystalliRable  acid  remains  iu  the 
mother-liquor.  Thia  substance,  Anderson's  anthfw^enie  ociW,  obtaim^d  by  can^fiil 
evH|Mjration,  is  easily  soluble  tn  water,  and  ibrma  cxystalliaable  compounds  with  ammonia 
and  pc^taHh,  insoluble  salts  with  baryta  and  oxide  of  lead.     (Anderiton.) 

Laurent,  by  treating  authracene  witb  nitric  ucid^  obtained  fbur  nitro-com pounds 

isnd  oxanthraeeqe)«  the  ibrmulie  and  independent  exitftence  of  which  are  doubtful. 
See  Gmeiin's  Handifook,  vd,  106.) 

Jkrivatives  of  Paranafhikakne  or  Anthrofm^, 

BromantlmMianaa.  (Anderson,  loe.  cf't)^When  a  thin  layer  of  pulverised 
anthracene  is  pUced,  together  with  bromine,  under  a  bell-jar,  and  the  ma^  wnieh  forms 
after  a  few  days  is  pulvfrised  and  again  exposed  to  the  bromine'VApourts  th\»  treat- 
ment beinff  repeated  as  long  as  the  bromine  continues  to  be  absorbed,  aud  the  brown  mass 
tbeii  diasoTrea  in  benzene,  the  solution  on  cooling  deposits  hexbromanthracene^ 
C"H*Br*.  which,  when  recryetallisod  from  ether  or  from  benzene,  forms  small,  white, 
hard,  apparently  rhombic  crystals.  It  is  sparingly  soluble  in  u/ccAo/.  f^A^rand  ittttrfttti 
turns  brown  at  176^,  and  melts  at  182**,  with  evolution  of  bromine.  When  heated  with 
oif  of  riCrivl,  it  melta,  and  ^vfs  ■  H" '  find  hydrobromic  acid.     It  is  but  slightly 

atUii'k«^  by  nitric  ucid. — With  'i-  A  it  acquires  a  yellow  colour,  and  forma 

bromide  of  potasaium  and  bronii^^  ^  ,. ibromantbracene.  C^H'Br'.Br',  which, 
wh*'n  recTj'stalliRed  from  bfngfn^^  fbnna  Jong  yellow  needles,  having  a  fine  silky  lustre, 
and  melting,  with  partial  decomposition,  at  238^.  They  are  nearly  insoluble  in  cold 
baoMita,  and  soluUe  only  in  bemene  heated  above  100^;  atill  lesa  soluble  in  tdcofud 
md  ffHAer,  either  hiit  ur  cold. 

cnilorAiiUirAoaiie.  C**H*CL — This  compound,  obtained  by  subjecting  anthracene 
to  th>^  action  of  a  Mpid  Mream  of  chlorine  for  a  short  time  only,  forms  small,  bnrd, 
erystalltne  acaieSi  solubli?  in  alcohol,  ether  and  benzene.     (Anderson.) 

H^droekioraU  of  Chioranthraetue^  C'*1PCLHC1. — To  obtain  this  compound,  e«ld 
chlorine  gas  it  passed  in  a  alow  stream  over  anthracene,  and  the  resulting  mass  is  rrp^- 
tallised  by  solntion  in  bensene  and  cooling.  Laurent  iutroducea  pulverised  antlu'a* 
cene  into  a  bottle  fillwi  witb  chlorine,  dissolTes  out  the  anthraceae  which  rtmains  UU'- 
altered  after  48  hours,  with  a  ^mall  quantity  of  boiling  ^ther,  and  crystallisBS  the 
undisiMtlred  portion  ftom  a  large  quantity  of  boiling  ether.  It  forms  radiite  needles 
often  iTiy  long  (Anderson);  yellowish,  shining  lamina^,  fusible  and  volatile  (Lnu- 
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rent).     It  is  pithily  soluble  is  aleohot^  to  wblch  also  it  grr«»  up  a  sumII  apmtitvol 
hydfdchloric  acid,  slightly  soluble  in  ether.    AleckoOe  poioMk  etjuttsim  it  mttt  f^ 

anthracene, 

OxantliraQeii«*    C^*H*0'.   ParanapkUilhf,     AntkraecnuMt,    (Laar«af«  A  0<I«l 

so n,)^ When  anthrucene  is  boilwi  for  tiomo  day*  with  nitric  acid,  a  resia  is  fwrni 
which  becomes  granular  on  cooling,  and  when  waahed  with  wat^r  and  ivciyftlaUii 
from  alcohol  or  b<>n!:pnp,  farms  light  reddish -yellow  oyatalf  of  oxmntbiveeiic^  luttfcl^, 
TolaTile  without  decr^m position,  and  eabUming  in  long  needle*,  Wl^en  betttfd  on 
TtlatiQum-foLl,  it  burns  with  a  smoky  flame  and  without  reaidue.  It  is  neiitmi.  iaaolniic 
in  umier^  aparingly  soluble  in  alcokolt  somewhat  more  aolublf^  In  beoxene  (Anderaoni 
nearly  inaolitble  in  boiling  ithtr^  and  in  hot  cvat-tar  mi  (Laurent).  It  diaaolns  in 
boiling  niirk  acid  of  specific  gravity  l-*,  and  erystalliaes  on  cooling;  also  ia  atrong 
sulphurie  aeidt  and  ia  repredpitatod  by  water  (Anderson).  It  is  not  altered  by  hot 
hjifdroehlorie  atid,  by  p<yia*h4ey  or  qmck-lime,  not  eren  when  snblimed  0T«r  %h»  IfllUc. 
When  it  is  heated  in  a  test-tube  with  coaceotrated  hydri&die  acid,  white  aftt^n  re- 
eembUng  4tilbeu6  condense  in  the  uptser  part ;  C^'HH)'  -t-  8HI  —  C'll*'  -t  I*  ^ 
2H*0?     (AndersoD.) 

DinUroxanthracmr,  C"H»N*0«  =*  C '♦H*(N0»)'O«.^ When  anthracwie  ia  boiled  witk 
nitric  acid«  and  portions  of  the  fuming  acid  ar«  added  from  time  to  tiiiM^  red  fomea  ar« 
continuously  erolved,  and  the  anthracene  is  converted  into  a  r^nona  oiixtare  of 
oxanthracene  and  dinitroxanthracene.  From  this  mixtnrf*  the  dinitroxantbrBoenA  m^y 
be  sf^pomted.  by  heuting  with  a  small  quantity  of  alcohol  and  cooling,  aa  a  red  powd<n- 
haring  tptj  lirtle  of  the  ctyfttalline  charact4?r     (An derson.) 

9AmMMtcmwm.    The  name  gi^en  by  St.  £rr«  to  a  solid  hydrocarbon,  C'«fl'*?j 
which  he  obtdined  by  distilling  chloroniceic  (chlorobensoic)  acid  (i.  921)  with  canslf 
lime  or  barytti.     Fuming  nitric  acid  conTerta  it  into  a  nitro-compound*  C**H*'(KCF), 

VAJUUtXCZirB.   C'*ll^*N  ?— A  bwe  produced  by  the  action  of  sulphide  of  ama 
nium  on  nitropurftnicf  ne.     It  disaolrea  in  acids,  forming  crystaliisable  M^ta*  and  ta  p 
cipitated  from  the  solutions  in  snowy  flukes  soluble  in  ether.  (8L  Evre.   See  0«rb«fdl^ 
TraiU,  iii.  66.) 


C»«H'*N\     (Hofmann,  I^oc.  Roy.  Soc,  xii.  314.)  -Ihirii 
the  prt'paninon  of  anilinf*  on  the  Isige  scale,  several  bases  of  high  boiling  point  i 
produced.     Thpy  are  to  be  found  in  the  residues  which  remain  in  the  stills  in  wbi 
tbf^  crude  aniline  is  rectified.     By  distilling  these  residues  and  fractionating  the 
ducta,  a  rariety  of  bosea  are  obtained^  among  which  may  be  mentioned  tol  uyle 
diamine,  martylamine  C*'H'^N,  and  paranilino  G^'H'^N^ 

Preparaiion. — When  the  fractions  boiling  above  330*^  are  treated  with  dilnta  m 
phuric  acid,  a  semisolid  crystalline  masa  is  obtainwl,  consisting  of  two  anlpfaflt'Ce 
dififerent  degrees  of  solubihty,  the  more  soluble  being  the  sulphate  of  par»oilioe,  li 
less  aoiuhle  the  sulphate  of  martylamine.  On  decomposing  the  more  soluble  salt  witk' 
caustic  soda,  a  Tiscid  basic  dl  ts  produced,  whieh  after  some  days  solidifies  to  a  semi- 
solid crTstalline  mass.  This  is  to  be  ptmfied  from  adhering  oil  by  presaufv>  betwe«tt< 
folds  of  filtering  paper,  and  erystalii^ed  fin^t  from  water,  and  subae<]|iL«>ntly  onc«  o^ 
Iwic^  &om  boiling  alcohol.  FaraniliDe  forms  long  white  silky  needles,  fusible  at  ISt^Z 
It  boils  above  the  range  of  the  mercurial  thermometer,  but  distils  without  decoiD^ 
position. 

StUU  of  ParanHine.—FTom  a  solution  iniitrt>Dg  hydrochloric  acid,  a  beautifhl  Ayi/rd* 
chloraU  crystallises  in  transparent  six-sided  plntes,  which  when  dried  at  100^  have  the 
formula  C"H^*N'.2HC1.H*D.  On  treatment  triih  water  they  are  immediately  conreitad' 
into  sparingly  soluble  j'cUow  needle*.,  which  at  ino^  contain  C**H'^N*  HCLH'O,  and  at 
115'^.  C'3H'*N«HCL-  Thejs/fl/iViw/n^jij/r,  2C"H'*N^H^Cl^Pt"Cl*(at  110°),  forms  yellow 
needles  of  sparing  solubility. — The  nitrate,  C**H'*N*.I1N0',  forma  abort  yellowish 
needles  groupni  ia  stars. — Sulphites,  On  dif^olring  paraoiline  in  dilute  sulphuric  addL 
u  salt  easily  soluble  in  water  \h  obtained,  having  the  formula  C"H'*1^*.H"S0*.  l>eat<a 
with  excess  of  base,  it  yields  a  salt  containing  i2(C'»H^*N')H*S0^ 

Ethylatfd  derivativrx  of  Paranilinf.  The  action  of  iodide  of  ethyl  on  this  biia# 
reMults    in    thr    formation    of   two    ethylated     btises,  namely    C**H'\C!*H*)N'     and 

P.AJULiriTROSZjrsazc  ikCTD.    Syn*  with  KiTBonaAcruc  Acio  (p.  60). 
FAlt&W THZW.     A  name  applied  to  certain  compact  varieties  and  white  Jind  paJtt  | 
blue  cry j^tttlfi  of  &ca polite. 

7.&SA-OXTllEintAllfZC  iLOZI».  C'lTXO'.  Paramidahfnsme,  Oxj/driuyiamrt\ 
or  AmiJodracylic  acid,  (G.  Fiscb  rr,  Ann.  Ch.  Pharm,  cxxvii.  142— Wilbrand  and  ^ 
BeiLstein«  ibid,  cJLXviii.  267,)  —An  ncid  isompricwith  oxybensamic  acid,  produced  by 
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the  iction  of  salpharu;  ncid  on  n'lttodnncyhit^  (para&itrobetLxo&tii)  of  ammonium 
(Fiicher),  or  by  the  action  of  tin  and  bjdrocliiohc  add  on  nitrodraejlic  acid 
(Wilbraod  aiul  6«ilstoii]).  When  1  pt  of  n i trod rttey tic  acid  (p»  60)  and  2  pta.  of 
tin  an  trMt«d  with  concentrated  hjdrocbloric  acid,  ajid  the  filtrate  eTaporated,  colour- 
Lfsa  neediea  or  Umins  are  obtained,  consiAting  of  the  compound  C^'NO'^HCl,  which 
bj  lolutioa  in  ammonia  and  fapersataration  with  acetic  acid,  yields  erystals  of  paraozy- 
beoBBime  acid.  A  quicker  method  ia  to  precipitate  the  a^  id  tin -solution  with  Bodie 
carbooateandscpersaturatethedltratewifh  acetic  acid*  (Wi  I  brand  audBeilatein.) 

PanozTbenzamic  acid  ciyMlalliitei  in  yellowish,  highly  luatroua  capiUazy  cvyetaLh 
which  melt  at  197^,  and  are  not  colonred  (H^^  oxyb^^nzamic  acid)  by  contact  with  air 
and  water  (Fiachor) ;  in  rtnidiah  inti^rhicod  threads,  ahintng  cryHtafUne  tufta,  or  smaU 
rfaombohedrona  melting  at  186^  or  187*^  (Wi  lb  rand  and  Eei  lutein).  When  heated 
with  pt^Uuhy  it  ia  reaolrad  (more  easily  than  oxybenzamic,  leaa  eaaiJy  than  phenyl- 
c^rbamic  acid^  into  carboaic  anhydride  and  aniline-  Wilbrand  and  Beilstein  regard  it, 
howerer,  as  identical  with  the  latter  (Chancers  carbanilic  acid)*  When  nitrous  ccid 
▼aponr  is  slowly  paaaed  into  a  boiling  solution  of  1  pt,  paraoxybenzamic  acid  in  120  to 
134  pts,  boiling  water  (with  other  proportions  a  different  reaction  takes  place)  till  the 
liquid,  which  beoomaa  dark  in  colour  and  girea  off  nitrogen,  depodta  on  evaporatioii 
floeka  which  aaaume  a  resinous  consistence,  the  filtrate  yields  at  a  certain  degree  of 
coneentntion,  <sryitali  of  paraoxybensotc  acid,  CH*0*.HK).    ^Fischer.) 

Afo-paraaxybengamie  oM^  C**H'^N'0\  isomeric  with  diaaobenzo-oxybenaamic  acid 
(p.  292),  sepamtes  no  pouring  nitrous  ether  (alcohol  saturated  with  nitrous  acid), 
on  a  cold  aatntaled  aolution  of  paraoxybeDsamic  Acid,  as  a  yellow  crystalline  body, 
which  is  decomposed  br  hydrocmoric  aieid  in  the  eame  manner  as  diazobemo^ox^rbena- 
&mic  add,  yielding  hydrocolorate  of  naraoxybenxamic  acid  und  paracholorobemoic  add 
{^.  344).  Nitrous  add  passed  into  a  hot  alcoholic  solution  of  azo^paraoxybenxamic  add 
rorms  aldehyde,  together  with  an  add  CH*0*,  different  from  aalylic^  and  probably 
ideti  tical  in  t  h  ordintiiy  benzoic  add  (see  the  second  equal  ion  on  page  2^3 ),  (Wilbrand 
and  BeiUt^ii].) 

9AmA-OZiraSJrXOZC  ACCD,  C'H*0'.  (Saytzeff,  Ann.  Ch.  Pharm.  cxxviL 
129.) — An  add  isomt^ric  with  oxybenxoic  and  with  salieyUc  acid,  product  by  heating 
anisic  add  wiUi  concentrated  aqueous  hydriodic  add  to  l%h^ — 130^  for  twelTo  to  six 
t«eu  hours : 

c«H*o»    +    m     -     crH*o'    +    ch"I; 

also,  according  to  Fischer  (p.  351),  by  the  action  of  nitrous  addon  paraoxybenzamic 
add.  It  erysiUdlises  from  hot  water  (according  to  A.  K  n  o  p  *  a  determinations)  in  small 
monodinic  prisms,  exhibiting  the  combination  ^V  ,  oF .  cBPao,irit}]  the  following 
approximate  raluee  of  the  angles ;  ocP  :  goP  in  the  ortJiodiagonal  principal  seetinn, 
=  140*^,  «Poo  :  ooP  ^  110**;  oP  :  «P«»  «=  lOS^SO';  oP  :  »P  -  85^  If  diB- 
solres  in  126  pts.  of  water  at  16^;  more  easily  in  hot  water,  alcohol,  and  ethers  has  a 
sour  taate ;  contains  when  air^ried,  1  at.  Wttt4»r  (C'H'0'.H*0) ;  bocomea  anhydmuH 
ut  100^;  melts  with  partial  decomposition  at  210"^,  and  solidifles  between  160^  and 
170°*  It  is  distinguished  from  salicylic  acid  by  its  melting  point  and  solubility 
(salicylic  add  melta  at  160**.  and  requiroi  1000  pts,  of  cold  watar  to  disaolre  it);  by 
forming  with  ferric  chloride  a  yellow  predpitate  loluble  in  eoiceas,  without  violet 
coloration  ;  and  by  the  much  greater  focility  with  which  it  is  resolred  into  phenylie 
alcohol  and  carbonic  anhydride.  From  oxybeneoic  acid  (p.  205)  it  is  distinguished 
by  its  cryBtAllJne  form,  and,  according  to  Saytxeflf;,  by  its  behaviour  when  heated  to 
the  subliming  point  (oxy benzoic  add,  Aieoording  to  Fischer,  cryntalliaea  in  anhy- 
drous rectangular  prisma,  melta  at  200",  and  sublimes  almost  unaltered  eren  when 
qoi^T  heated;  aooordingto  Oerland,  however,  it  splits  up  into  carbonic  anhydride 
and  phtnyiie  alcohol). 

Paraoxybensoic  add  formA  with  the  alkali  n,  ea«»ily  soluble  salts,  difficult  to  errstallise ; 
with  the  alkaline  earths  and  with  the  oxides  of  zinc  and  cadmium,  it  forms  salts  which 
are  likewise  easily  soluble,  but  crystallise  well.  Thecadtmum^sait,  C'*H'HM''0*.4H*0, 
crystallises  in  large  well-defined  rhombohedrons ;  the  tilmr-iait,  2C'H'Ag0".5H*O, 
erystalliBee  fifom  boiling  water  in  long  needles. 

TASLAiWmQTXG  JLGXd  liiid  7 AXA^SCTXIT.      See  Pncnc  AciB  and  PBCmf. 

WMMAM'B.omw^OMtC  ACSS.  A  name  of  dibade  phosphoric  add  (lee  Phos- 
phorus,   OxTOFH-AriDS   of). 

WAMA^ZOOUmm.      C"H'*N»?      (Anderson,  Ann.  Ch.  Pharm.  Ix.  ««.)-- A 

•  Nilmbf-ntoic  .iciil  trcaird  in  Itk*  manoer  with  Uii  and  h]r«lrocblurtc  »cmS,  fuldi  the  donbte  laJt 
(V  H^NO«,HCl,Sn"'CI*>  wti'rb,  hj  iu^^e^illve  tfMitnMiDt  wlitb  tulphydrk  aictd,  mnmcwlji  ^ml  Ac#fic  aelid. 
n>af  »«  ffmit#ru>d  ttito  {ixj bcnxiimUr  Kid.  The  ronr»r»\oD  of  Dttri>beat<»lic  Acid  Into  oiyhrtk«AiiiiL-  arid* 
rntij  mUn  h*  tttmried  bj  hydrochloric  wtiH  and  tine.  NitrfHlrafjUc  Cp&r*nilrob«i)xolc}  x\d  l>  iv4  a  i«d 
upon  liy  ihic  vid  hvdrocltloric  Ju-y.  (WUbr>nd«nd  BrU»l«in.) 
Vol.  IV.  A  A 
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txoM  poylmflrtG  with  Dicolme  (C*H'N>,  abuiti«d  by  troittijig  picotiiie  wilh  f  to  |  ef  If* 

weight  of  sodium  &t  the  boiling  beat  for  nercml  duys,  ti««tiiig  the  brown  r4^iiiotis  maas 
therobj  prodaeed  with  water,  which  difl*olve^*  soda  i^d  laiiT«s  u  hiNtry  yiscid  oil,  w«di» 
inpr  the  Utinr  with  watpr,  distilling,  collecting  upttrt  the  oil  wbieb  p«sM0  orer  it  at  a 
high  tetnperatiire,  and  rectifying. 

The  action  of  the  sodium  in  the  convorvion  of  picdine  into  p«rsfneoliii#  haB  not  b#i*a 
exactly  mad«  ouL  A.  laige  portion  of  the  metal  remains  iiiialt«red ;  jmrt  of  it  bow- 
ever  t^nteT9  into  combination,  probably  forming  the  componnd  C*H*NaN  (no  exoltttioii 
of  hydrogen  waa  howerer  obeerred),  which  is  subeeqnently  eooreited  into  pimLpi«o> 
line,  ai  shown  by  the  equation: 

2C^'NaN     ^     2H*0       -p       C»*H'*N»     +     2NaH0. 

Panpicoline,  obtained  aa  abo7e»  is  an  oil  of  tpeeific  grarity  TO*  7*  and  boiling  between 
260^  and  315^.  It  it  initoluble  in  water,  soluble  in  all  pmportione  in  alcohol,  etbei; 
and  oils,  and  ha«  a  peculiar  odour  diflEerent  from  that  of  picoline,  but  rve^mbling  that 
of  the  bases  obtained  from  bone-oil  at  rery  high  tempcrtttures.  It  btuea  reddened  litnnf^ 
la  partially  refdniiuKi  by  strong  nitric  acid,  and  forms  with  cuprie  milphale  an  eiaenPlr 
gireen  precipitate,  the  gre^n  solution  of  which  in  hydrochloric  acid  contains  a  dovble 
■alt. 

The  lattB  of  parapieolin«  are  for  tbo  most  part  unerystolliiuible.  The  htfdrcchloraU 
ie  a  resin  ctasily  (soluble  in  water. — Tlie  cAioro-auratf  is  yellow,  amorphous,  not  decom- 
posfMl  at  the  boiling  heat.— The^^f/nMff^-^ff/r  bse  the  farmuk  Ci*H»*N».H»Cl*.Pt'*ClV— 
JifercMrw?  chloride  forms  with  th<*  alcoholic  i«olution  of  pampicolir  -  ^  :Tidar»t  ctitdy 
precipitate,  inswluble  in  watf-r  and  in  alcohol,  t^ajNily  solublp  in  L  acid. — The 

niiraU  rem  sins  on  evaporation  a&  s  syrupy  liquid,  which  slowly  ._.._.-  to  a  muas  of 
needle-shaped  crystals. — The  tulpknte  is  u  gummy  mass,  easily  aoiuble  in  water^  Leea 
■olablf'  in  aliJioltioL 

VASJUtBOHBORKf  nr.     See  JALi^PtK  (iii.  43S). 

VARJkSACCSASOSE.  A  modiJication  of  cane-angar,  C»'H»0",  jiaid  to  be  pro- 
duced under  cf'rtiiin  circumstances  when  a  solution  of  sugar-candy  and  phoepliAttfof 
ammonium  is  exposed  to  the  air  in  the  summer  aeason,  between  June  ana  t^ptfinber. 
It  is  erystailisable,  and  has  a  greater  dexiro-rotatoryporwer  thAn  cane-ennr.  ( V.  J  od  i  a, 
CompL  rend,  Uii.  1252 ;  Iv.  720 ;  Ivii.  434  ;  E^p.  Chim.  app.  it.  38  ;  BnlL  Sbe.  Chim. 
186a,  p.  93;  1864,  p.  278  ;  Jahreab.  1861,  p.  722;  1862,  p,  472;  186S,  p.  672.) 

PA«A«A1ICYX>.  Salicylide  of  Benzoyl,  C**H'"0"  -  C^»a*.(rH*0 ;  aho 
called  Spiritt.     (See  SALicrtjnM.) 

PAJftASrrss.  Chatin  (Compt.  rend.  IviL  771)  addncea  sereiral  esanaple«  vbidi 
seom  to  sht^w  thiit  paraaitiAiI  plants  poeeeas  the  power  of  altering  the  jnice  of  the  plants 
on  which  they  grow.  Thus  misletoe  ( Viseum  allmm)  growing  on  the  okk  dole  not 
contain  a  trace  of  querci tannic  acid ;  Lornnthm  growing  on  StrychTws  is  not  poiaonooa; 
Ht/dnorn,  a  parasite  growing  on  African  Euphorbiactm,  is  as«d  as  food;  OroAmeks  does 
not  exhibit  the  narcotic  properties  of  hemp;  and  the  red  juice  of  C^nut  is  not  Ibasd 
in  the  Cistu^  on  which  it  grows.  Chatin  finds  moreover  tbat  Cyitiuw  snd  oiobaadia 
gire  off  carbonic  acid  in  suuahine,  and  hence  concludes  that  phanerogajoona  paraaitee 
which  are  not  green 'coloijred,  alter  the  juice  of  the  mother-plant.  On  the  other  hand, 
green  perfect  parasites  (ViscumX  and  more  or  less  coloured  semi^pamsites  {Mtiam- 
pyrum  art*tHse)  decompose  carbonic  acid  like  other  plants. 

WJ^mJUiQUmXC  aci]>.    See  Sonne  Acm. 

FJUUkSTXXiBZTS,  A  jceolite  from  Thyrill  on  the  H-ralfjo'^  in  Icelaftd, 
taining.  aciv^rding  to  t.  Waltersliausen,  61'87  per  cent,  silica,  17 '8 3  alumina,  7*32 
200  soda,  1  78  potash,  and  0"2O  water  (=  2O0),  which  may  be  ivpivsented  t] 

matelj  by  the  formtda  M-0,2SiO»  + Ai-O".4SiO*  +  3H«0. 

TAMAHTUm  P  H a  T/LMIVf  Oir,      See  SnLFKAMIBK. 
9£kSt.A.TJkUTAMtc  ACn».     Syn.  with  RACEMtc  AciD. 
PiLRJkXAJtTaAMIHS.     Syn.  with  Eacvmjlvidb. 
»A2ATASTftA£IO  AGXX»o      q^      -^t  x>  a 

»ASATAST&EUG  ikcmJi    ^^^  ^^^  Ricnnc  Acm, 

9AMJLTAMTWtO'VtMZQ  &GXII.  Syn.  witJi  ETfiTL-RACUilC  Acin  (see  TUl\ 
Etukh^). 

9iUL&TBXaanc  ACZB.    Anadd  taomericwithethyI-Bulphurir'^>-'^  r 
iii  the  ft*fl  state,  but  produced  as  a  banum-sa!t»  when  a  solution  of  I 
phate  IS  boiled.     Th*^  liq^uid  then  becomes  turbid  and  add,  d*»po«if 
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biirinin.  and  if  the  depanit  be  fi'movrd  and  the  filtrate  SAtumtcd  witli  carbaiMit«  of 
biirium,  ■  crystalliBfiblr  liMiriam-salt  is  obt&mod  iMving  thtf  oompoaitiojiof  etJhybulpb»te 
of  bftTJum,  C*H'*B»''S^O*,  but  dwtinguUbed  trom  thut  if«lt  by  not  dftcompcwiiig  when 
itM  aqueout  ulntioD  w  l>oilod.  Wlwii  addnod,  it  bwcUb  up  like  the  isethioniit«  (iiL 
131),  but  at  th«  Mune  time  gire*  off  ?mpoiii«  of  honry  wLOo<oil«  tjike«  fire,  &iid  then 
buns*  qui«?tly,     (Gerhardt,  C^mpt  Chim.  1846,  p^  176.) 

^AmATOXiims  or  PAAj^TOZiirO&,  A  hydrocArbofi,  Uomerio  or  polymeric 
with  toluem*  (hydride  of  benjryl,  i.  673),  iuppoMd  by  Cbureh  (Cheni.  Newi,  Dec  81^ 
18^9 ;  Zeitnehr,  Ch.  Phftrm.  1860,  p.  144)  to  exiat*  in  hght  Ooal-t«r  oiL  It  boiln  at 
119-6^;  roluene  at  103-7**. 

PAABXiXiZO  JLCTO  or  PASSSi^HT,  C*H^^  ?  (Schunck,  Ann.  Ch.  Pharai. 
liv.  274.) — An  arid  Bomotim<«  obtjuned,  together  witl)  lecanoric  acid,  in  the  prepara- 
tloa  of  the  latter.  The  lichene  may  be  exhaiut^  with  boiling  water ;  the  solution 
evaporated  to  drynoiifi  after  boiling  for  aome  tiiui^ ;  the  reaidne  digested  in  boiling 
water,  which  dlii^olTes  the  oraelliaic  ether  (p.  236)  produced  by  the  mutujil  action  of  the 
alcohol  and  the  lecaooric  acid ;  and  the  undisaolved  port  ion  taken  up  by  boiling 
alcohol  The  alcoholic  solution  on  cooling  depoeita  parelMe  add  in  the  cryatalliae 
form. 

ParaUie  acid  fbnna  coloailear  Defdlee,  renr  aUghUy  soluble  in  cold  water,  soluble  in 
tJ^»hoi  BMkA  in  ether;  tlie  ciyatak  depoaited  by  alow  eraponition  are  uanally  brilliant 
and  vary  baaTj.  The  alcoholic  aolution  has  a  yery  bitter  taste,  and  reddens  litmus  ; 
water  precipitates  the  parellic  acid  fhim  it  in  the  form  of  a  jell j.  The  erystals  gi^ve  off 
6  fil  per  cent,  water  at  100^,  and  the  dried  add  yields  by  uialysta  80'7 — ttl'S  per 
cent,  carbon  and  3*4  hydrogen,  the  fonnitla  C*H^*  requiring  60'7  carbon  and  3-3 
hydrogen.  The  add  is  prrhapa  produced  by  the  metamorphosis  of  lecanoric  acid ; 
tbtaa;— 

HK>. 


CifH»*0* 

~ 

cm»o* 

-1- 

(TH-O* 

Lec^Doric 

Pareltie 

O.tia 

Kid. 

«ckd. 

Schnnck  represented  narellic  add  by  the  formula  C*^W€^, 

Parellic  acid  melts  when  heated,  and  at  a  higher  temperature  gives  off  an  oil  whidi 
solidMes  ou  cooling;  also  a  sublimate  of  long  needles.  By  prolonged  boiling  with  wnttir 
it  yields  a  yellow,  bitter,  uncrystallisable  substanee.  It  is  not  altered  bj  bowng  aleoM. 
It  IB  decomposed  by  hot  nithe  aeid^  with  eirolution  of  nitrous  T^ourvaad  fonnatioii  of 
oxalic  acid.  Actiie  add  diasolves  it  more  easily  than  water.  When  heated  with 
eMMtie  p>lairA  it  swells  np,  and  is  conTerted  into  a  gelatinous  mass  which  gradnall^ 
dSMlvesi  and  the  solution  yields  with  mineral  adds  a  gelaCiDous  predpitate  of  pareUic 
add.  But  if  the  alkaline  solution  be  predoojsly  boiled,  it  does  not  yield  any  pr«<:ipi* 
tate  on  addition  of  an  add,  but  after  some  time  deposits  small,  shining,  octahedral 
ciystalai,  which  mt^lt  in  boiling  water  before  dissolving,  are  easily  solubl*?  in  cold  akohol, 
MM  Bsparate  again  on  eraporalion ;  they  dissolve  also  in  caui^tic  baryta,  forming  a 
aolution  which  deposits  carbonate  of  barium  when  boiled,  Buryic  and  /ijve  act  on 
parellic  add  like  potash.  Ammonia  dissolTealess  of  it  than  potash  ;  the  solution  when 
evaporated  gives  off  ammonia  and  lenTss  czystalline  parelltiP  acid ;  proIongcMi  boiling, 
however,  in  attended  with  deeomposition. 

Parellic  add  decomi>pees  earhonatet.  Its  alcoholic  solution  precipitates  cuprie  a£€UU4 
and  ntutreU  acetate  of  lead.  It  does  not  precipitate  nitrate  of  euver,  but  on  addition 
of  aiEimoziiay  a  jalloiriBh  preeipitiile  ia  formed  which  i»  reduced  to  the  metallic  state  by 
bollins.  An  aqueous  solution  of  parellik?  add  mixed  with  ekloride  of  gold  is  not 
altersl  by  boiling;  bat  this  salt  is  slowly  x^diused  by  i  solution  of  pardlie  add  in 
potash. 

Pardlate  of  barUtm  obtained  by  treating  the  acid  with  baryta- water,  or  by  double 
decfjm position,  is  a  white  powder  insoluble  in  water.  The  i*opper-Aalt  is  a  yellowish- 
green  precipitate.  The  Uad-ealt,  C*'H'*Pb'C>*  (?\  is  precipitat**d  in  hirge  quantity  in 
white  tiocks  on  mixing  the  alcoholic  solution  of  parellic  lioid  and  neutml  load  acetate. 
The  alcoholic  solution  of  parellic  add  also  fbnus  a  copious  precipitate  witli  L«ujc  acetate 
of  lead. 

yA«€iABlT»i  Orystallisod  and  gimnukrhcrablende  of  high  lustre  and  rather  dark 
green  colour,  containincr  ^dumina,  iron,  and  magnesia  ;  found  at  Pargajj  in  Finland  and 
at  Phipsburg  and  Parsonefield  in  the  SUte  of  Maine.     (Sec  Hoexulkndr,  iii.  1 70.> 

FA&ZeorB*  An  all -bid  said  by  Winckler  (Buchn.  Repert,  [2]  xliL  2&)  to 
be  contitined  in  China  Jam.  fueea,  a  dnchona-bark  imported  from  Para. 

FAmxon.  C*H**0*?  (WaUPharm.  Ceatr.  1841,  p.  690  ;  further  N.  Jahregb. 
Pluirm.im,  174.— Del  f  fa,  ibtd.lx.  26.)— A  neutral  substance  extracted  irom  the  lea  ve« 
of  Parie  ^Hadnfoiia,  by  exhausting  them  with  water  containing  aeetic  add»  tivating 
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the  residue  with  alcohol,  and  the  alcoholic  extract  with,  ether  to  remoTe  ehloropliyll 
and  fatty  matters,  digesting  the  residue,  together  with  animal  charool,  in  aloobol  of 
0*920,  ftltering,  removing  the  alcohol  by  distillation,  drying  the  residiie,  and  fmIumIt- 
ing  it  in  boiSng  water.  Paridin  is  then  deposited  aft^  a  while  in  thin  ahinnig 
laminft,  forming  when  dry  a  coherent  satiny  mass  (Wals) ;  from  oold  dilnte  aloobol 
it  crystallises  in  tufts  of  needles  (Delffs).  100  pts.  of  water  diseolTe  1|  pt  paridiB ; 
100  pts.  alcohol  of  94*6  per  cent,  dissolve  2  pts. ;  and  100  pts.  of  ordinary  aijirit 
dissolve  6  pt&  It  gives  off  6*8  per  cent  water  at  100°.  The  dned  sabatanoe  oontuni^ 
according  to  L.  GmAlin,  55*51  per  cent  carbon,  and  776  per  cent  hydrogen,  agrafliqg 
nearly  with  the  formula  C^H'^O",  which  requires  55*39  per  cent  carbon  and  7*60 
hydro^.  Delfis  gives  the  formula  0**0*^3' ;  Wals  in  his  last  oommnnieation  i 
to  pandin  the  formula  C"H*H)'*. 

Faridin  is  immediately  coloured  red  by  strong  sulphuric  or  phosphorie  acid ; 
posed  by  hot  nitric  add ;  dissolved,  without  cdoration,  by  hydro&loric  scid ;  deeon- 
posed  by  potash. 

yAX»0&.    C*^^H)*.— A  substance  formed  together  with  glocoae  by  boilii« 
a  solution  of  paridin  in  hydrochloric  acid  with  dilute  alcohol  (Wala) : 
C«H»«0"     +     BPO       -      C^K'Kf     +     CWH^O^. 
VABiarzO  AOUI.    The  name  given  by  Thomson  to  the  acid  eontatnad  in 
ParmeUa  parietina,  afterwards  shown  to  be  chiysophanic  add  (i  958). 


Thomson's  name  for  the  yellaw  oolouiiDg  matter  of 
forietina,  which  is  identical  with  usnic  acid  {q,  v,). 


VAmZIASO  AOIBi 


^^  I     Syn.  with  Salsiparik  or  SMtuLcnr  {q.  «.). 


IXimL  This  name  is  sometimes  used  to  designate  pore  IVnaaian  Una 
(ferric  ferrocyanide),  (ii.  227),  but  has  lately  been  applied  to  a  very  pure  bright  bhie 
colour  obtained  by  heating  aniline  with  stannic  chlonae. 


9AMMM  lUkMM.    Syn.  with  CABMiKB-LiLXB  (L  804). 

VAXXS  BBB.  A  name  sometimes  applied  to  yeiy  finely  divided  and  earvftJly 
prepared  ferric  oxide,  used  for  polishing  optical  glasses,  daguerreotype  pUtas^  gold  and 
diver  ornaments,  ftc. 

VAXXBZTB.  Mussonite. — A  mineral  from  the  emerald  mines  of  the  Moaao  Valley, 
New  Granada,  consisting  of  the  carbonates  of  ceriuni,  lanthanum  and  didTmioniy  wuh 
fluoride  of  cerium  and  caldum.  It  is  found  crvstalliaed  in  elongated  donme  six-aided 
pyramids  with  truncated  apex ;  basal  angle  164^  58' ;  pyrainidal  ang^e  120^  84'.  CSattv- 
age  basal,  yery  perfect.  Hardness  «  4*5 ;  specific  gravity  -■  4*85.  It  has  a  vit- 
reous lustre,  pearly  or  rednous  on  the  deavage-ikces,  and  a  brownidi-yeUow  ooloar: 
streak  yellowish-wnite. 

AntUyHt:  a,  5,  by  Bunsen  (Ann.  Ch.  Pharm.  liil  147).— «  by  H.  Deyille  asd 
Damovr  (Bull  So&  Chim.  1864,  ii.  339). 

CO*  CeO        DiO       LaO         CaO       MnO       CaF*        C«F*       II«0 


a. 
5. 

23-51 
23*64 

23*48 

59*44 
60*26 

3-17 
3*15 

2*85 

11-51 
10*58 

trace    1010 

216 

2-88 
2-42 

trace 

-  lOO^l 

-  100 

e. 

42*52     9*58 

8*2(1 

-       08-96 

2Ce) 

The  last  analyds  may  be  pretty  nearly  represented  by  the  formula  j^Di  >G*0*.(Oa;  OejOP", 

which  requires  24*61  C0«  40-27  CeO,  10-44  BiO,  10*44  LaO,  and  14*64  CaF«. 

WMMEWmmmrm.  C»H«0"?  (Wala.  N.  Jahrb.  Phaim.  xiii,  866.)— A  bitter 
substance  contained,  together  with  paridin,  in  Pari$  mtadr^oUa,  and  prepared  from  tiM 
mother-liquor  of  that  substance  by  precipitating  with  tannic  add,  separating  the  taaaie 
add  ftom  the  resulting  rednous  predpitate  by  means  of  lead-oxide,  and  porifyiiig  the 
bitter  substance  from  still  adherm^  jparidin  Ij  repeated  solution  in  water,  and  eon- 
centration,  the  paridin  then  crystallising  out.  Panstyphin  is  thus  obtaiaed  as  an  am- 
orphous mass,  which  is  resolved  by  boiling  with  water  into  ^uoose  and  paridin : 

C««H«0«     +     2HK)       B      C«H«H)'«     +     C«H»«0«. 
VABMHUA.     See  Lichens  (iii.  5S7).— ParmeUa  ceratopMXa  yar.  pkmtoiim 
also  called  Parmdia  pky9ode$,  contains  two  neutral  substances,  pkyodin  mod  eer^ 
atophyllin  (see  PsrsoDur). 

>  AMI  a  LpM  WD  and  VABMBIi-TaUbOWr  are  coloiiring  matten  fimtained 
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1b  ^ifrndut  parietina.    The  latter  is  diieflj  cbijsopb&nic  4icid|  %nd  thvt  former  apF^^ri 
tt»  b«  pn)dtjeed  from  it. 

WMMTMTBft^C  ACZ8.  Tbr*  oAine  ^tsq  brPeretiilotbe  add  which  fonns  in 
diat&Ued  ehniEioiiiil«  water  after  long  keeping.  It  ia  said  to  form  a  CTystallme  ealciom' 
•alL       

FASTZVO,  The  aeparatioi]  of  gold  from  ttlTer  bj  mmns  of  nitric  actd  (ii.  929, 
932). 

FASaZVS   STATS   OT   mTAXS.     Se«  £i.BCTKiciTT  (ii.  430). 

PASTB  or  STXASfi,  A  kind  af  gla««  u^ed  lo  the  maiiufiiciiir«  uf  artifidal 
gems.     See  tiLAis^  in.  84 IJ;  ako  L>f'«  J}ictivnary  of  Arts,  &c  (iti.  4U7)* 

FASTZir ACXirM.  A  pwttliar  sabatance,  probabljf  au  aJkaloVd,  *^id  by  W  it  t » t  c  i  n 
(Btiehn.  Kepert.  iviii.  16)  to  exiwt  in  the  seedji  of  the  par*inop  {Paetinaca  »ativa). 

9ABTQ~MMBTti»  C**H*0*.— A  rcainoiis  substance  of  unknown  ohgin,  imported 
hom  South  America,  where,  according  to  Bousiingaalt  it  is  uaed  bj  the  Paato 
ladiaiii  for  Tarmshiog  wood.  It  ia  Tiscid  and  capublo  ^f  being  ezt<*nded  into  yerj 
tenacioQfl  fllma^  whi<£  gradually  bardea  without  becoming  brittle.  It  is  destitute  of 
taate  and  amell,  haa  a  ntreotia  feuHure,  and  in  hearier  than  wator  When  heated  abore 
lOil^,  it  beoomea  elastie  like  caoutchouc,  takea  fire  and  burns  with  a  ^moky  fiamr. 
Aleobol  and  ether  extract  from  it  a  small  quantity  of  preen  resin,  and  l4*iive  a  sti-Qngly 
tnmeHed  mass,  perfectly  soluble  in  caustic  potash.  Oil  of  turpentiue  doeii  not  net  upon 
it;  itrong  sulphuric  aoid  dissolTes  it  without  decomposition.  (Boussingault,  Aun. 
Ch.  Fbarm.  In.  2170 

VATCBOir&Z.  Pachupai  or  Patscka-paL — The  herb  of  Ptk^&ntenton  Patchouli^  L,, 
a  iibiatf'  lAiint  indigenous  in  the  East  India  IsUndji,  and  employed,  on  neeount  ot  \i» 
pungent  o<lourp  like  that  of  Chtnopodium  anthelmintictim^  for  preserving  fur  from  the 
attacks  of  insects;  ali«o  in  perfumery.  When  distilled  it  gives  off  about  2  j)er  cent,  of 
TOlatils  oii     It  sJso  contjiiuH  tannin  and  a  green  odorous  resin. 

The  Tolatile  oil  of  patchouli  is  brownish -yellow,  somewhat  viscid  like  oliv^-oil,  has  a 
spociAe  graTity  of  0  9554  at  1^*5*^,  and  yields  at  257 "^  a  hydrocarbon  resembling  oil  of 
eubebt ;  the  |>ortion  which  boils  at  a  higher  temperature  contains  the  blue  substiinor 
ealled  ecDrulein  (see  Oils,  Volatilb,  p.  185).  For  the  refractive  powi^r  of  patchouli- 
oil,  see  the  tuble,  p.  186, 

VATOf  A«  Antilce  patina,  Paiina  atttiqw^  or  Patina  verte.^^Thfae  names  mm 
applied  to  the  hard  green  or  bine-green  deposit  of  cnpric  carbonate,  hnving  the  com- 
position of  malachite  (Ca*CO*.HK>)  which  forms  on  copper  or  bronze  that  has  been 
exposed  to  moist  air  for  a  long  time,  or  has  lain  for  years  undergroand.  It  is  imittited 
artiflciaUy  by  wetting  the  surf^use  of  the  metal  with  dilute  wJutions  of  acetic  aM, 
nitrate  or  copper,  sul-atnmoniac,  salt  of  aonel,  &C.,  and  exposing  it  to  the  air.  That 
tba  deposit  may  have  the  reqiiiaito  hardneaa,  it  must  be  formed  slowly,  and  h#^uce  it  is 

r  to  use  dilute  solntiona*     (See  Hamdworttrbuck  d,  (Jhemie^  vL  100.) 

B.    Syn.  wiUi  AacuLrra 

A  variety  of  hjpersthene  from  the  island  of  St.  Paul,  on  die  coast  of 
Labrador.  Specific  gravity  3  389.  Contains  5136  per  cent,  ailica,  0  37  alumina, 
21-31  magnesia,  31  27  ferrous  oxide,  1*32  maoganous  oxide,  ajid  3H)9  lime  (^  98-72  >. 
(Bam our,  Ann.  Min.  [4]  v.  147) 

WAJnMiVrmZ£k.  IXVXSIA&ZB.  a  colouring  matter  has  been  obtained  from 
the  eapmles  of  this  nhknt  by  Be  I  hum  me  (Compt  rend,  xlvii  214) ;  but  no  particulars 
have  been  publishea  respecting  it, 

PAV^BTSW.  Fraxttin  (ii.  707)- — According  to  recent  experiments  by  R  oc  h  I  «*  d  er 
(J.  pr.  Cht^m.  xc.  433),  this  substance,  produced  by  the  decompo«iitioQ  of  paviin  from 
borsecheetnut  bark  (nirf.  inf<X  has  the  composition  C'*H*0*.  It  has  a  lemon-yellow 
colour,  become«  straw-yellow  at  120'',  and  is  converted  by  snblimation  at  200^  into  a 
mass  of  woolly  crystals.    It  has  an  add  reaction  and  oombinea  witli  bases. 

^AVXXir,  Frnxin  (li.  7t>8). — Thiu  subatance  is  contained  in  that  portion  of  the 
precipitate  formed  by  neutral  acetate  of  lead  in  the  aqueous  decoction  of  ziorsechei^tnut 
baik,  which  is  soluble  in  water  oontaintng  acetic  acid.  Its  composition,  as  determined 
by  analyHis,  is  C^H"0**  ^  4C»*II»»0'*.H»0,  When  heated  in  «  streanj  of  carbonic 
anhydride  to  150^  it  becomes  anhydrous  (more  quickly  at  200*"),  and  has  then  thf 
comptwitioii  C^*H**0^».  Paviin  at  117°  is  pule-yellow,  amorphous,  easily  friable  and 
still  contiiins  water  ;  it  melts  at  1 90*^.  VTiien  recr3rHtalli«ted  from  hot  alcoliul  it  is  pur« 
white  anil  gives  off  its  water  between  110°  and  llJ^.  By  boiling  with  dilute  acids,  i| 
is  resolved  into  glucoue  and  pavictiu  or  fraxetin,  according  to  thf^  equation  : 


8^8  FEA— PEABL. 

Meoidiiig  to  which,  100  pto.  pftviin  shoold  yield  66'6  pto.  paTietin ;  the  quantity  foond 
was  55*2.    (Rochleder,  loc,  cit.) 

WMMm  Pimm  sativum. — The  oompotition  of  the  seed  and  atnw  of  tfaia  plant  has 
heen  inrestigated  by  several  chemists. 

The  following  determinatioDs  of  the  nitrogen,  fat,  ash,  and  wat(«r  in  freab  pea  aeeds 
an  by  Ward  and  Eggar,  made  under  Way's  direction  (Agr.  Soc.  J.  toL  z.  pc^  2; 
Jshreeb.  1849,  p.  708): 

Nitrogen        Fat  Watar 

parcTDt.    per  cant,     pareaat. 
White  or  garden  peas,  grown  on  clay  soil      .        .        .        3*57         1*01         15*40 
White  or  garden  peas,  grown  on  sandy  soil    .        •        .        2*97         •     •  18*60 

Grey  or  field  peas,  grown  on  clay  soil    ....        8*47        1*54         16*60 
Grey  or  field  peas,  grown  on  sandy  soil  .  3*28         1'04         16*40 

Poggiale  ^J.  Pharm.  [3]  zzx.  180,  255;  Jahresb.  1856,  p.  808)  found  in  common 
green  peas,  dried  and  shelled,  57*7  per  cent  starch,  dextrin  and  sugar,  21*7  nitrosenons 
substance  (l^gnmin),  1*9  fiitty  matter,  2*8  ash-oonstitnents,  3*2  odlulose^  and  12*7 
water. 

W.  Mayer  (Ann.  Ch.  Pharm.  cL  129;  Jahresb.  1857,  p.  687)  has  made  the 
following  determinations  of  the  water,  phosphoric  anhydride,  nitxogen  and  ash  in 
garden  and  field  peas : 

Alr-drM.  Dried  igbttanca. 

H<0.  FSO».  N.  AA, 

Selected  peas  from  the  garden  of  the  Agticultnral 

Society  at  Munich 9*58        1*458         4*87         3*45 

Bohemian  field  peas 8*99        1*408        4-81 

Field  peas  firom   Schleissheim,   Upper  BaTsria 

(calcareous  soil) 13*62        1-025         4*26         2*91 

The  shells  of  peas  weig^  from  0*8  to  1  per  cent  as  much  as  the  seed.  The  weight 
of  straw  is  about  2*7  times  as  mnch  as  that  of  the  seed,  or  27  pts.  seed  to  78  pts.  etnw 
in  100  pts.  of  total  weight  (Schwerz).  100  pts.  of  pea-straw  contain  12  pta.  nitrogen- 
ous matter,  21*9  matter  soluble  in  potash,  47*5  per  cent  non-asotised  matter  insolabie 
therein,  60  ash,  and  12*0  water. 

Way  and  Ogston  (Agr.  Soc.  J.  toI.  Tii.  pt  2;  Jahresb.  1849,  p.  672)  found  in 
peas  of  various  kinds  (aii^dried)  from  13*6  to  17*5  per  cent  water;  and  the  peas  dried 
at  100®  were  found  to  contain  0*25  to  0*372  per  cent  sulphur,  and  2*89  to  2*68  per 
oent  ash. 

In  the  straw  of  garden-peas  (air-dried)  the  same  chemists  found  15*38  to  15*64  per 
cent  water;  that  of  white  peas  dried  at  100<*,  yielded  8*92  to  9*40  per  cent  ash  ;  that 
of jgrey  peas  65  to  7*5  per  cent. 

The  composition  of  the  ash  of  peas  and  pea-straw,  as  determined  by  Way  and  Ogston, 
is  ^^en  in  the  table,  p.  359. 

The  ash  of  pea-straw  has  also  been  analysed  by  Hertwig^  with  the  foDowing 
results : 

a.  Pea-straw  from  Duderstadt ;  b,  from  Thuringen. 


Carbonate  of  Potassium    . 

a, 

4*1 1 
8*3 

6. 
4*3 

Magnesia 

4-0 

5. 
1*4 

Carbonate  of  Sodium 

Phosphate  of  Calcium 

51 

11 

Sulphate  of  Potassium 

10*7 

120 

Phosphate  of  Magnesium  . 

4-4 

7-8 

Chloride  of  Sodium 

4*6 

3*7 

Feme    and   Aluminic 

SUica       .        .        .        . 

7*8 

15*5 

Phosphates 

21 

8-6 

Carbonate  of  Calcium 

47*8 

49*7 

98*9 

99*1 

For  numerous  other  analyses  of  the  ash  of  peas  and  pea-straw,  made  chiefly  at  the  in- 
stigation of  the  Prussian  Agricultural  College,  see  Liebig  and K o p p ' s  Jahrssbetieht, 
i.  1074,  Table  A.  Noe.  5,  6,  7,  8,  10, 11 ;  and  iL  656,  Table  R  Nos.  1—82. 

yBAOB.    See  Fbuit  (iL  715). 

VBAOOOX  OOVras  on.  Syn.  with  Pubpui  Coffsb.  (See  Coffkb,  Srir 
PHIDBS  OP,  ii  78.) 

OTA  Ml.  A  highly  prised  spherical  concretion  found  within  the  shell  of  the  pearl- 
oyst4»r.  These  molluscs  are  subject  to  a  kind  of  disease,  caused  by  the  introduction  of 
foreign  bodies  within  their  shells.  In  this  case  the  inner  layer  of  the  shell,  the  mother- 
o^peazl  (p.  322),  instead  of  being  spread  in  thin  layers  on  the  inside  of  the  shell, 
aeeumnlates  round  these  particles  in  concentric  layers,  forming  pearls.  These  concre- 
tioBS  oonsist  of  carbonate  of  calcium  interstn^fied  with  cellubir  membrane.  Tliey  hare 
|i  Uoish-wfaike  colour,  with  considerable  lustre  and  iridescence.  The  most  Tiunable 
ftwA  fishcfiss  are  on  the  coast  of  Ceylon,  and  at  Olmuts  in  the  Persian  Gull 
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PEARLASH— PEAT. 


Purtklly  purified  carbanaU  of  potoflsium,  prepared  from  live  ^t>km 
of  plants  (see  CAaaoirATia,  i-  790)* 

Sjn.  with  Ma-bqajuts. 
ft  or  FevriU, — A  varirty  of  opal  occarring  in  th«  cavitie»  of 
Toleanic  tufti  (nee  Ofal^  p.  204). 

F&AJUb-SFAJt.  Tbift  D&me  ia  applied  tx>  riiombohedral  crjiUllintiotui  dfdoloaute 
(mogneiito-culoio  carbotiaC«)  hjtviog  cazred  fteet  ftud  a  pearlj  lustre;  when  the  Cfyilmk 
are  nob  cuired,  and  have  a  brown  or  redduh-brown  ooloor,  tnejr  are  called  hromm  9far: 
the  latter  varietj  cont^LLiia  from  5  to  10  per  cent,  oxide  of  iron  or  manganeHw 

yUAj&X-STaviL  A  feJflpathic  uaincralf  haring  a  pearly  Inatre,  ocenrring  m 
epherulcH  or  ephenjuM  concretions.  Specific  gravity  2*3  to  2*4.  A  ■pedmen  fiioin 
Himgarj'  analys^i  by  Erdmann  gave  7287  per  ^nL  silica,  12-05  alumina,  1'75  ferric 
oxidf^,  I'W  lime,  110  mftgneaiA,  6' 13  potash  and  ioda,  and  300  water  (»  9$'20). 

PSASTOVB  or  7ZS0&XTS*     A  caleareona  rock  eontfiBting  of  c^bencal  graint 

like  oolite,  batdifferiug  therefrom  by  the  larger  aixe  of  ita  part  idea,  which  are  compofd 
of  concentric  laminae. 

FSAT«  Torf ;  Tourbe. — This  product  of  the  natural  alteration  of  plant >tiaaue§  it 
of  ^qufut  occurrence  in  places  where  the  presence  of  sta^&nt  water  or  a  very  hnmid 
utmospbcra  and  certain  other  conditiona  have  favoured  the  growth  of  mooaea  am  manh 
plaatHp  together  vfilh  certain  kinds  of  grasa,  heathy  &c.  The  remains  of  these  plants, 
gradixdlly  lurcumuktetl  and  chemically  ultored  to  a  greater  or  less  extent,  often  consti- 
tute beoB  of  couftideniblt*  extant,  varying  in  thickness  from  a  few  inches  to  maoy  feet. 

There  are  many  kiodij  of  peat,  presenting  very  great  diversity  in  their  texture^  colour. 
and  most  other  eharacterb;  »ome  varieties  couHUit  alm^n^t  entirely  of  withered  rematii^ 
of  plants  which  have  undergone  but  little  alteratiun  f  xcept  medmnieally ;  in  other  rarie- 
ties  the  organised  Btructmre  of  the  plant  remains  more  or  less  distinctly  reeogniaablr, 
and  in  other  kinds  there  is  no  obvious  indication  of  plant-stmcture  remaining.  Peat 
of  the  former  khid  is  generally  of  a  pale  yellowish*brown  oolonr,  very  bulky  and  re- 
tentive of  water ;  when  dried  it  is  very  light  and  spongy*  somewhat  leaanU^Dg  com- 
pressed hny,  and  its  specific  granty  is  often  as  low  as  0*25.  Feat  of  the  latter  kind, 
on  the  contrary,  is  either  black  or  dark  brown,  and  in  ita  natural  state  has  a  elayey 
consistency  without  any  fibre,  so  that  it  can  sometimos  be  wronght  into  tiles  or  pipes 
for  draining  purposes ;  when  such  peat  is  dried,  it  shrinks  consiaerably,  and  becoroea 
deoaer  than  water,  very  good  kinds  having  sometimes  a  specific  gravity  of  1*25.  Be- 
tween these  two  extremes  iiumerouu  intcrmt^diate  kinds  of  peat  are  met  with.  In  the 
natural  state,  p«*at  is  always  mechanically  mixed  with  a  very  large  proportion  of  water, 
varying  from  eighty  to  upwards  of  ninety  per  cent,  by  weighty  the  fibruuM  kinds  always 
containing  the  largest  amount  of  water.  When  the  water  is  separated  by  drying  the 
;  in  thin  slices  in  the  air,  u  quantity  etill  remains  which  is  not  separable  by  air- 
ng,  and  amounting  generally  to  15  or  30  per  cent,  of  the  air-dried  materiaJ. 

The  Uu^  amount  of  water  mixed  with  peat  in  its  miiural  state  is  the  moafc  aerions 
obstacle  to  the  useful  upplication  of  this  muterial  npon  any  extensive  scale,  as  fViel  and 
for  other  p^irpoaee,  for  the  practical  difScuItiea  of  separating  this  water  by  air-diying 
rapidly  increase  in  pro^iortion  to  the  extent  upon  which  the  peat  is  eoUt'Cted.  The  hygro- 
BCopic  water  still  rt^niiiiniiig  in  air-dried  peat  is  also  highly  prejudiciHl  to  its  utility 
as  fuel.  Hence  it  is  that  wherever  coal  cao  be  obtained  at  a  moJemte  cost,  not  ex- 
ceeding ten  shillings  per  Ion,  it  is  impossible  to  use  peat  as  fuel  with  advant^ige.  and 
it  may  be  preferable  to  use  eoal  even  where  it  costs  as  much  as  twenty  ahillings  p«r 
toni  when  the  peat  is  far  distant  from  the  place  where  fiiel  is  required,  inasmuch  as 
the  carriage  of  pent,  which  has  a  much  smaller  foel-value  than  coal,  will  often  make  its 
cost  equal  to  that  of  sn  equivalent  quantity  of  ooaL     (See  Fuel,  ii.  723.  J 

The  compoFfition  of  dry  peat  presents  differences  as  great  aa  those  e:xisting  betw«aa 
the  several  kinds  in  othex  respects. 

The  amount  of  m\\  in  peat  is  very  variable,  as  will  be  seen  from  the  following  tahia, 
and  there  are  equally  ^reat  difierences  in  the  composition  of  these  aahea.  It  is  very 
rarely  that  the  composition  of  peiit-asb  is  such  As  to  admit  of  the  opinion  that  it  repj:^ 
senta  merely  the  mineral  constituents  of  the  plants  fhim  whose  remains  the  peat  has  been 
formed.  In  most  casee  a  lai^e  portion  of  this  ash  is  referrible  either  to  mere  me- 
chanical admixture  of  earth,  or  to  the  deposition  of  mineral  substances  from  water 
permeating  the  peat.,  and  consequently  the  composition  of  the  ash  is  much  infinenced  by 
the  nature  of  the  prevailing  rocks  in  the  neighbourhood  of  peat-depofftta,  or  such  parts 
f'f  those  rocks  as  are  carried  away  either  mechanically  or  chemically  by  the  action  of 
water.  The  permeation  of  peat  by  water  probably  exercises  a  further  influence  tu 
altering  the  composition  of  its  mineral  or  asn  const  it  ueou,  by  abetracting  certAin  sub- 
stances, in  virtue  either  of  a  kind  of  dialysis  or  q{  chemical  reaction.    Such  being  Ibe 
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ciM,  tb«  compotition  of  peftt-uhet  and  tb«  iialiif«  of  the  chuigM  tbej  bufe  midergone 
would  be  dHermtiied  ouunly  by  local  cotMlitioDi».  and  in  thia  way  tb«  great  dJTersity  of 
cornposilioa  whi<jb  in  found  to  exit^t  may  be  to  some  ext«al  acoouiit«>d  for. 

When  «ir-dried  peat  in  e]L[w>sed  to  a  tempeniture  of  100^  C,  it  generally  losM  from 
15  to  30  par  cent,  of  iti  weight,  fon^iiiLLng  chit-fly  of  hygroacopic  water;  but,  according 
loMarailly,  aonte  d(vompo»ition  takea  place  even  at  that  tdnpcmture,  atid  volatile 
prodiii*t«  contUDUi^  carbon  and  hydrogen  aro  eTolved  in  amall  quantity.  At  higher 
fempamturMi  p6al  la  entipply  decompoaed,  yielding  the  ordinmy  products  of  dry  or  de- 
■tmctiTO  diatillution,  rix.  gaa,  tar,  a  watery  liquidC  and  a  carboaaeeooi  leaidua.  Th^ae 
prodiMita  and  their  conatitueota  are.  in  their  geneni  character,  intermediate  between 
the  analogoua  producta  obtained  under  aimilar  conditioDa  from  wood  and  fhmi  bttu- 
minoua  iniafma,  their  relative'  omnnnt,  chemieal  naturei  Slc.^  being  dependent  upon 
the  temperature  at  which  the  decompioaition  takea  place,  aa  in  all  other  eaaea  of  destruc- 
tive distilktiou.  The  ^Tv^rol  producta  of  the  distillalioti  of  peat  alao  rary  to  aome 
extent  both  in  qnantily  and  quality  aooording  aa  the  peat  approximatea  more,  on  the 
one  hand,  to  unaltered  wood,  or  on  the  other  hand  to  cml,  jtuit  in  the  Name  manner  as 
there  are  similar  differenoea  of  degree  between  the  producta  of  difftront  bituminoua 
Bunefala. 

CoKfosTTian  or  Piat, 


Waier 

Speelte 

ta 

iratitj. 

atr-(>rlad 

OkrtKML 

drugen. 

Oaytcs. 

Ail». 

AuthoHly. 

KUbaba      * 

51-05 

6-85 

39-55 

255 

Kane           | 

•     * 

,     , 

61 -04 

6-67 

80-46 

1-831 

* 

5M3 
58-69 

6-33 
6-97 

34*48 

8-06 
1-99 

SuIUtu 

Fhillipsiown 

0-405 

32-88 

1*45 

0-669 

,     , 

60-48 

610 

32*55 

0-88 

3-30 

and  Gagffl 

o-aaa 

.     . 

69-9^ 

6-61 

32-22 

1-26 

274 

tr 

Wood  of  Allen 

to 

I 

61-02 

577 

82*40 

0-81 ' 

7*90 

ri 

0-672 

If 

Devon 

0850 

25-M 

54-02 

6-21 

2817 

2'30 

9-73 

Vaux 

Inland  of  Lewa    ■ 

1  130 

23iiO 

60  00 

6-90 

30-00 

1-30 

1-00 

Paul 

Bd»lea                 1 

0 

2*17 

46-80 

5-66 

4116 

6*40 

Maiailly     , 

3U 

47-48 

716 

36-06 

9-00 

Th%                  J 

3*07 

50-67 

6-76 

36-95  1     1-92 

670 

If 

720 

43-65 

6*79  1 

36^66 

14-00 

fg 

Bonrdon     . 

6-66 

47'60 

8*01 

39-30 

7*00 

Camon 

6-69 

46*11 

599 

35^7 1     2-63 

9-40 

tt 

Riemencourt 

1-81 

12-99 

2-22 

19-31 

66-01 

*'* 

Vulcaire      . 

. 

5703 

5*63 

29*671     2  09 

5*68 

Beg^ult 

I>:mg 

.     « 

5809 

5-93 

31-37 

4-61 

II 

FramoDt     . 

.     * 

57-79 

611 

3077 

533 

Fiiealand   .         ] 

•             4 

57*16 

59-88 

5'66 
5*52 

33-39 
3371 

3-80 
0^1 

Mulder 

HolUnd      . 

,             , 

50-85 

4*65 

8026 

14-25 

RHmniKtfia 

16-70 

62-15 

6-29 

27-20       166 

270 

Vf^ 

Steinwendeu 

1600 

57*60 

6^0 

31-81       1  75 

2-ui 

Niedermoor 

17-00 

47*901 

*80 

42*80 

3-60 

If 

c 

16-70 

50-13 

4-20 

3144 

892 

B.cr 

Pttiaaian     .         ) 

to 

( 

21-70 

56-01 

5-38 

85-24 

1117 

tt 

I7fi3 

56-43 

5*32 

38-35 

9-86 

JmtUL 

Havel 

19-33 

63 '61 

5-90 

40*59 

6-60 

^ 

18*89 

53-31 

6-31 

4138 

6-80 

n 

linum 

31-34 

59-43 

626 

85-31 

119« 

Hambuig   . 

18-83 

57-20 

6-32 

87*56 

2-31 

It 

Dremen                    ' 

,     , 

67-84 

5-86 

3276 

0-95 

260 

Breaningw] 

xfrcuioH        «                J 

,     , 

57  03 

5-56 

3415 

1-67 

1-57 

^^ 

Scbopfloch . 

2000 

53  69 

5-60 

30*32 

2-71 

8-10 

Ncaalerand 

SindelllqgeD         j 

l&OO 

45'44 

6-28 

2621 

1-46 

21-60    Peteraen     | 

18-00 

3872 

4-24 

25*89 

0-88 

30-60 

ti 

1177 

46-76 

3-57 

26  87 

067 

0-69 

tt 

Baden 

*     * 

to 

18-55 

6079 

710 

4001 

633 

14-76 

w 
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M  OF  TmLT  . 


Dutch. 

Scotch. 

ricn. 

Ba. 
vartaa. 

Iriali. 

Authorttj. 

Anderson. 

Johiuon. 

Wagner. 

8alliTaDandGi«H. 

Soda.        . 
Potaah        . 
MagDena  .        . 
Lime 

Alumina    .        . 
Ferric  oxide 

11 
1-2 
4-6 
11-7 
2-9 
6-8 

10 
0-7 
0-4 
1-2 

80-7 

0-4* 

1-8 

1-8 

12-6 

0-6 

0-7 

60 

40-6 

Vl 
0-6 
6-6 
01 

'■' 

81-7 

0-8 

4-9 

86-6 

'9-1 
0-7 
10-4 
0-4 
1-4 

37-3 

0-8 

0-7 

0-9 

11-2 

28-4 

4-6 

0-9 

2-6 

trace 

12-8 

10 

37-2 

0-679 

0-847 

1-266 
46-681 

0-129 
16-974 

0188 

44-871 

HCl  0-887 

1-048 
16120 

2-668 

1-427 
0-862 
8-892 

26-118 
4180 

11-691 
1-461 

12-408 
1-668 
0^980 

18-696 

22-619 

Salphniic  add    . 
Chlorine     . 
Silica 

Carbonic  acid     . 
Sand,  day,  &o.   . 

97 
1-6 
9-8 

61-6 

6-6 

• 

60-6 

20 

01 

81-6 

• 

99-678   99-691 

The  chemical  nature  of  the  change  by  which  peat  has  been  produced  from  plant-r»> 
mains  is  probably  very  similar  to  that  by  which  bituminous  mmerals  have  been  formed 
from  analogous  materials.  It  consists  chiefly  in  elimination  of  oxygen  and  hydrogen 
in  the  proportion  to  form  water,  also  of  oxyp^n  and  carbon  in  the  proportion  to  fima 
carbonic  acid,  and  of  hydrogen  and  carbon  in  the  propoiiion  to  form  mazvh  gM  and 
perhaps  other  hydrocarbons,  the  main  feature  of  this  change  being  the  increase  in  Uip 
amount  of  carbon  in  the  residual  substance.  Hence  the  composition  of  diffiwent  kinds 
of  peat  varies  in  proportion  to  the  extent  to  which  this  alteration  may  have  advnneed, 
and  peat  which  has  been  little  altered  will  possess  a  composition  more  or  less  approxi- 
mating to  that  of  ligneous  tissue  or  of  wood,  while  those  kinds  whidi  have  im^emne 
ffreater  alteration  will  possess  a  composition  approximating  more  to  that  of  oo^  or 
lignite,  or  other  bituminous  minerals,  according  to  the  conditions  under  which  this 
chanse  has  taken  place.  The  physical  characters  of  peat,  such  as  textnre,  odlonr,  den- 
sity, &c,  also  bear  a  similar  relation  to  the  degree  of  diemical  alteration  whic^  Ims 
been  reached,  the  fibrous,  light  coloured,  spon^  kinds  being  most  sinular  to  wood  in 
composition  as  well  as  most  unlike  coal  or  Ugnite,  &c,  while  on  the  oontrazy  the  eoBi- 
pact,  dark  coloured,  dense  varieties  of  peat  often  resemble  lignite  and  some  kindi  of 
ooal  in  composition  as  well  as  in  their  physical  characters.  It  is  indeed  probable  that 
peat  may  be  reffuded  as  a  sort  of  intermediate  product  of  the  same  general  mode  of 
alteration  by  wnich  coal  and  other  bituminous  mmerals  have  been  formed,  and  thai  if 
deposits  of  peat  wero  placed  under  conditions  such  as  those  in  which  coal,  te^  hsre 
been  produced,  the  peat  might  in  process  of  time  become  converted  into  coaL 

B.H.P. 


A  fermentative  substance  existing  in  fruits,  and  having  the  ^ 
of  converting  pectin  into  pectic,  parapectic^  and  metapectic  adds.    It  has  not 
obtained  in  the  pure  state.    (See  p.  362.) 


I     See  FacTous  Substamcbb  (p.  362). 


OaineUt€^^A  hydrated  silicate  of  calcium  and  sodinm,  ocenrring 
in  aggregated  adcular  monodinic  crystals,  having  neariy  the  same  angles  aa  woUas- 
tonite,  and  cleaving  perfectly  parallel  to  the  orthodiagonal.  Twins,  parallel  to  odPoo  ,  are 
of  frequent  occurrence.  It  abo  occurs  fibrous,  massive,  radiated  or  stellar.  Hardness 
■■  6.  Specific  gravity  -»  2-68— 2-74.  Colour  whitish  or  greyish,  with  silky  or  aiib- 
vitreous  lustra  on  the  fractured  sur&ce ;  sobtranslucent  to  opaque.  Tough  like  dys- 
clasite.  Melts  beforo  the  blowpipe  to  a  translucent  glass.  Decomposed  by  hydrochloric 
add,  with  separation  of  flocculent  silica ;  gelatinises  if  previously  ignited. 

Analv8es.—a,  From  Monte  Baldo  in  Upper  Italy  (v.  Kobe  11,  Kastn.  AidL  ziiL 
885 ;  XIV.  841),— 6.  Isle  Koyal,  Lake  Superior  (Whitney,  SilL  Am.  J.  [2]  "rii.  4841 
—<?.  Taliekcr,IsleofSkye;  specific  gravity  2-784  (He d die,  PhiL  Mag.  [4]  i.  248).— 
d.  Castle  Hill,  Edinbu^^  associated  with  woUastonite  and  prehnite  (Heddle  and 
Ores,  loc.  city—e.  Enockdolian  Hill  near  Ballantra,  Ayrshire ;  specific  gravity  2-778 
(Heddle  and  Oreg).— /  Beisen  Hill,  New  Jersey;  mean  of  three  dosely  agreeing 
analyses  (Whitney,  SilL  Am.  J .  [2]  xxix.  206).-^.  Langban's  iron-mine  in  Wemdaa^ 
Sweden ;  in  fibres  like  asbestos,  butmore  compact  (Igelstrom,  J.pr.  Chem.  l^»«'  396). 
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ThMe  uialjMt  mmj  b«  dmHj  reprtMotcd  b^  the  formula  (Na*0.28iO*>.4(C«''0^0^ 

HH>  or  (KaHCa^iW  or  2^^c;i  jO»,  requiring  64-87  p«r  ceot.  nlic%  3*26  lime, 
Fiom  the  laat  analjriU  Igelitrom  daduoca  the  formultt 


9*20  Aoda,  and  288  water. 
3(2MK).3SiO*XCa**HW. 


FSCTOBXC    AOXS, 


Sm  PBCTotra  Scbstaivcib;, 


Feetirt,  Peetk  acid^  Peetof^  &e.    (VaQqaeliiii 


PSCT017S  SUmSlfAMG] 

Ann.  aiim.  T,  100;  tu  282; 
Phji.  [2]  xxviii,  173 ;  amt*  9«;  xItiL  268 ;  IxxiC  433,— Guibourt,  J.  Chim,  m^  I 
27.— Mulder,  J,  pr,  Cbem.  3Ut.  277  ;  xvi.  246.— Fr^my,  Ann.  Cb.  PhyiL  [3]  mit,  9. 
— Soubeiram,  J,  Pharnj.  [3]  xL  417.— Ponmar^de  &nd  Fig u tor,  J.  Plumn,  [3] 
XL.  458;  xii.  81. — Chodnew,  Ann.  Ck  Pharni.  H  366.~Fr.  John,  N.  Br.  Arch.  ml?. 
24,  129. — Gm.  xv.  31)2.— Gcrb.  ii.  684). — The  pulp  of  Aethj  froita  in  the  nnrip^  state, 
alao  fleabj  nxne  and  other  Tcg^tahle  organi,  contain  a  siibttanGe  called  pectoee,  which 
i«  inaokUe  in  water,  but  under  the  inflnesiea  of  acids  and  other  reagenla,  is  trftnsforined 
into  a  solable  ■nbatanoe,  pectin,  identicttl  with  that  which  exihts  in  npc  fruila  and 
imparlB  to  their  jaiee  the  pnopnty  of  gelatiniaing  when  boiled. 

Pectoae  almost  nlwaya  aocompftniaB  eelluloM  in  the  tMiie  of  planta,  bnt  as  it  is  in- 
soluble  in  wst«>r,  alcohol  and  ethers  and  is  mureoT«r  deoomposed  or  alter«d  by  most 
reagents,  it  has  not  jet  been  isolaf  f*d.  It  is  this  substance  which  gives  the  bardness  to 
nnnpe  fhiits.  It  is  probably  isomeric  with  citUttkee,  or  dUf^^rv  from  it  only  by  the 
el«inen(8  of  water. 

Pectin  does  not  exist  ready  formed  in  fruits,  excepting  when  they  Are  Tenr  ripe.  It 
is  forcQfMi  in  firuits  from  pectose  under  the  influeoee  of  heat,  its  formation  being  then 
due  to  the  action  of  citric  and  malic  acids.  The  juice  empresaed  from  an  unripe  i^^le 
does  not  contain  a  trace  of  pectin,  but  if  it  be  boiled  for  a  few  minutee  with  the  polp 
of  the  frnit,  pectin  soon  appears  and  giTM  to  the  liquid  the  peculiar  riBcoeity  which 
characterises  the  juice  of  afi  boiled  fruita. 

Pectin  aay  alao  be  fimned  by  boiling  the  pulp  of  carrots  or  turnips  with  a  slightly  add 
liquid. 

Under  the  influenee  of  scids  or  aOcaHs,  pectin  is  gradually  modified,  and  ultimately 
tmufonned  into  a  strongly  acid  compound  called  metapecticaeid^  pftssing  however 
through  a  series  of  intermediate  modificttions  c&IIm)  by  F^my,  parapectin,  roeta- 
pectin,  pectosie  aeid»  pectio  Acid»  snd  parapectic  acid.  The  composition  of 
theee  bodiee  cannot  be  regarded  as  deftnit<'lj  eetabUshed,  as  they  are  un crystal lisabte, 
and  It  IB  Tery  diMcult  to  free  them  oomplet^^ly  from  mineral  substances  It  is  probable 
bowerer  that  they  are  either  isomeric  modifications  of  the  same  chemical  eompoand,  or 
else  difler  from  one  uiothcr  only  by  the  ekments  of  water. 

Pectin  unddgOM  tnuiffformation  not  only  when  subjected  to  the  action  ot  the  above- 
mentioned  chemical  resgents,  but  oUo  in  the  living  plant.  According  to  Frim^,  aU 
vegetal  taasues  which  contain  peetOM  (the  primaT}-  material  from  whioh  pectin  is 
formed),  contain  lUso  a  kind  of  ferment  esUed  pectAse^  comparable  in  its  mode  of 
aeti<>n  to  the  diastase  of  germinating  baricy  and  the  emulsin  of  bitter  altnonds.  It  is 
an  UQCiystallisable  substance,  which  may  beoblainiMl  by  precimtating  the  juice  of  fresh 
carrotB  with  alcohol  The  pectase  which  was  previously  solable  then  becomes  insoluble 
in  wttt^r,  without  however  losing  its  power  of  acting  on  pectona  substances.  "When  in* 
trodnced  into  a  solution  of  pectin,  it  quickly  converts  that  body  into  a  gelatinous  product, 
insoluble  in  cold  water;  this  transformation  takes  place  in  water  at  the  tempemture  of 
about  40^.     Pectase  Immersed  in  water  for  two  or  three  days,  is  decomposed,  beoomes 

•  WWh  tttt\c  otide  *nd  magnctia. 

t  Br  1dm.    a  tllrKt  deiermlattloti  of  U10  water  In  (be  mJtikmtwl  dt led  il  W  w^t%  rn^drt»  per  cent. 

]  fij  iliOferriKc. 
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covered  with  mould,  and  is  then  no  longer  capable  of  acting  as  a  pectous  ferment ;  its 
fermentatlTe  action  is  likewise  paralysed  by  prolonged  ebnlBtion. 

Pectase  exists  in  the  vegetal  organism  sometimes  in  the  soluble,  sometimes  in  tho 
insoluble  state.  Roots  like  carrots  and  beet-root  contain  soluble  pectase;  their  juice 
in  &ct  induces  the  pectous  fermentation,  whereas  the  juice  of  apples  and  other  acid 
fruits  has  no  action  upon  pectin.  In  these  fruits,  the  pectase  is  associated  with  the 
insoluble  portion  of  the  pulp,  so  that  when  the  pulp  of  unripe  apples  is  introduced  into 
a  solution  of  pectin,  this  solution  quickly  becomes  gelatinous,  m  consequence  of  the 
eonversion  of  the  pectin  into  pectosic  and  pe^us  adds.  SoluUe  pectase,  as  already 
obterred,  may  be  rendered  insoluble  by  precipitation  with  alcohol 

When  a  fruit,  such  as  a  pear,  apple,  or  plum,  is  heated  in  contact  with  water,  it  ex- 
periences, according  to  F r em y ,  the  fiDllowing  chsjiges.  The  acid  contained  in  it,  which 
IS  usually  a  mixture  of  malic  and  citric  adcU,  fint  acts  upon  the  pectoee  and  converts 
it  into  pectin,  part  of  which  remains  in  the  juice,  rendering  it  viscous  and  masking  the 
aeidity  of  the  fruit  In  the  next  place  the  pectase,  acting  upon  the  pectin,  pruduces 
a  certain  quantity  of  pectosic  acid  which  gelatinises  on  cooling.  If  the  action  of  the 
pectase  be  prolonged,  the  pectosic  add  may  be  changed  into  pectic  add.  If  the  fruit 
IS  rapidly  heated,  the  pectase  likewise  coagulates,  loses  its  activitv,  and  no  longer  acta 
apon  the  pectin.  When  a  fruit  is  boiled,  the  pectose  alone  is  altered,  while  the  cel- 
lulose does  not  experience  any  change. 

Green  firuits,  as  already  observed,  do  not  contain  pectin  ready  formed,  but  only  pectoee, 
the  scanty  predpitate  which  their  juice  yields  with  alcohol  beixig  due  to  albuminous 
matter.  But  as  the  ripening  advances,  the  firuit  gradually  loses  its  hardness,  the  cells 
become  distended  and  semi-transparent^  and  the  juice  then  contains  only  j>ectin,  which 
does  not  predpitate  neutral  acetate  of  lead.  When  the  fhiit  is  ripe,  the  juice  becomes 
ffummy  uid  contains  a  large  quantity  of  pectin,  and  still  more  of  parapectin,  which 
forms  a  predpitate  with  acetate  of  lead.  At  tl^  time,  the  pulp,  if  carefully  washed, 
does  not  exhioit  any  sensible  quantity  of  pectoee,  this  substance  havinp^  been  dum^ 
in  the  process  of  maturation  into  pectin  and  parapectin.  Lastly,  fruits  in  the  over-npe 
state  no  longer  contain  a  trace  ot  pectin,  that  substance  having  been  converted  into 
metapectic  i^d,  which  is  saturated  by  the  potash  or«lime  in  the  fhiit 

It  appears  then  that  the  gelatinous  or  pectous  constituents  of  fruit  experience  dur- 
ing ve|;etation,  transfbrmations  identical  with  those  which  may  be  produced  in  them 
artificially  by  the  action  of  adds,  water,  alkalis,  or  pectase. 

We  shul  now  describe  the  several  bodies  of  the  pectous  group,  taking  them  in  the 
Older  in  which  they  are  formed  ttom  pectose. 

PeetlB.  Thissubstance  was  discovered  by  Br  a  con  not  Fr^mjr  prepares  it  by 
treating  the  expressed  and  filtered  juice  of  very  ripe  pears  with  oxalic  add  to  prvnapitate 
the  diisolved  Ume,  and  with  tannic  add  to  predpitate  albumin,  and  mixing  the  filtrate 
with  alcohol,  whidi  predpitates  pectin  in  long  threads.  These  are  purified  l^^  washing 
with  alcohol,  repeated  solution  in  cold  water,  and  predpitation  with  alcohol,  till  neither 
sugar  nor  otitic  add  can  be  detected  in  the  solution.— Braco  nnot  boils  the  recentiy 
expressed  iuice  of  ripe  apples  for  a  while  to  coagulate  the  albumin,  predpitates  the 
filtrate  with  alcohol,  and  purifies  it  by  repeated  solution  in  water  and  predpitation  with 
aloohoL — ^Ponmaride  and  Figuier  leave  comminuted  gentian-roots  to  soften  in 
warm  water,  wash  them  thoroughly  with  water  and  very  dilute  acetic  acid,  digest 
the  roots  thus  prepared  with  very  dilute  acetic  add  at  SO^'— 90^  for  half  or  three, 
quarters  of  an  hour,  and  predpitate  the  solution  with  alcohol  of  36^.— Mulder  jpre- 
opitates  the  expressed  and  filtered  juice  of  apples  with  alcohol,  and  boils  the  predpitate 
with  alcohol,  to  remove  sugar,  malic  add  and  tannin.— Chodnew  obtained  pectin: 
fl.  By  boiling  crushed  pears  with  water,  predpitatinff  the  filtered  juice  with  alcohol, 
and  washing  with  alcohol  and  ether ;  whereupon  it  becomes  opaque  and  acquires  the 
texture  of  woody  fibre.  (This  pectin  is  not  predpitated  by  cnloride  of  barium,  but 
gives  a  predpitate  with  neutral  acetate  ofleadand  sulphate  of  copper,  and  therefore  agrees 
with  Fr^my's  parapectin,  p.  364) ; — or  /S.  By  boiling;  the  expressed  juice  of  applet, 
predpitatinff  with  akohol,  redissolvin^  in  water,  mixing  the  solution  with  hydro- 
chloric ad^  and  asain  predpitating  with  aloohoL  (This  pectin  resembles  the  former, 
Imt  has  a  s^ght  add  reaction,  and  sometimes  reduces  an  alkaline  cupric  solution.) 

8  tilde  (Ann.  Ch.  Pharm.  exxxi.  68)  prepares  pectin  fiom  radishes,  by  rasping  the 
piUp,  leaving  it  to  macerate  for  some  hours  with  water,  pressing,  heating  just  to  the 
Doilin^  point^  filtering,  then  precipitating  with  basic  acetate  of  lead,  decomposing  the 
pfedpitate  with  sulphydric  aod,  and  predpitating  the  filtrate  with  alcohol.*  He  is  of 
opinion  that  the  body  which  yields  pectin  when  unripe  fhiits,  itc,  are  boiled  with  adds, 
is  not  a  simple  proximate  pnndple  (pectose),  but  a  compound  of  pectin  with  lime ;  for, 

•  If  iMNitral  actUto  of  lead  ba  added  to  tha  boilad  solution  lostaad  of  tlia  basic  acetate,  a  less  abondani 
iwnacjptuta  Is oUaload.  oonstotim  of  la^  lulpliata  and  %ht  lead-cooipouid  of  a  new  f Ifcogcootts mb- 
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jnidi«h-pulp  coiDfileteljr  witii  irater  wd  Ihen  ti«atiug  it  with  ftn  ueid,  lime 
I  iiiioiiolutiQii  AS  WfU  HI  p«ctia. 

Promrlies.^  Pectin  \a  a  white  mmcvrpboaB  nuwii soluble  in  wtter,  neutral  to  ff>«t'pap^m, 
proeipit»tf>4  bv  ulcobol  aa  a  jellj  ^m  diloto  solations,  in  loog  threads  from  stKing 
•olufcUMUL  Wbeo  pure  it  im  ik)!  predpituted  hy  neatml  aeetate  of  lead,  but  it  is  gru- 
umllj  mizfid  with  a  certain  quantity  of  ^ntpectiiit  whidi  civcs  a  precipitate  with  that 
reagent  With  basic  acatate  of  lead  it  giTPs  a  copioua  preopitata.  It  haa  no  acrtion  on 
peJanaad  lights    Whan  burnt  it  emits  an  odour  like  that  of  tartaric  add. 

The  following  ara  the  re«alt«  of  th«  analyse  of  pectin  prepared  in  Tarioua  waji^  de- 
ducting thi!  miot«ral  aabitaBoafl  with  which  pectin  is  alwujrB  ci>nta]nijiiated,  in  wbaterfr 
waj  it  maj  b«t  prepared ; 
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a.  Pectin  from  sweet  apple*  at  120*,  learing  6-9  per  c?ent,  aah,  conaiating  of  nearly 
pare  lime,  with  a  little  Kilien  and  iron  ozida. — If.  P^^tin  of  eonr  applea  at  120^,  leaTing 
9*9  per  cent.  ash. — c.  Mean  of  two  analyaea  of  pectin  from  pcara  at  1 15*^ ;  it  containea 
8'5  per  cent,  aah,  oompooed  of  lima^  migoeBLa,  iron-oxide,  potash,  chlorine,  uulphimc 
aeid  and  pboaphoHc  acid. — d.  Pectin  of  fipplea  at  116^.  learing  1*59  per  cent. lustt^  con- 
taining much  ft'rric  phosphate  without  a  trace  of  cnTbonicacid, — -p.  Pectin  of  ripe  pcare. 
f*  Mean  of  three  anklysee  of  pectin  from  gentian  dried  at  120'^,  and  »till  contHiDing 
mineral  anWtiuicee. — ff.  Mean  of  two  analyses  of  pectin  ^m  gentian  dried  at  120'^, 
and  f^ieed  i^m  the  greatt^r  portion  of  melallic  oxide  by  treatment  with  alkalis  and 
acida. — k.  Pectin  from  carrots  dried  at  120°. 

The  precedinf?  nnalyse"*,  though  they  agree  pretty  nearly  in  the  amount  of  hydrogen* 
yet  differ  »ogr*^tly  in  the  cArl>on  that  it  ia  impoaaible  to  represent  them  by  any  one 
formula.  The  diacn^pancy  doubtless  ariaea  ftom  the  groat  dirocnl^  of  completely  puri- 
fying pectin  from  albuminous  aubatancea,  iiigar«  dextrin^  malate  of  calcium,  &c.,  which 
ndh«^re  to  it  obstinately.  The  l»e«t  mode  of  testing  iti  pnrity  ii  to  precipitate  the 
aqueouj  «olution  with  exceaa  of  baryta-water,  which  throwa  down  the  pectin,  leairing 
the  Bubataneea  just  mentioned  in  aolntlon;  if  then  tha  lianid  filtered  irom  the  pre* 
LJpitate  and  frtid  from  exceas  of  baryta  by  carbonic  acid^  leaves  no  residue  on  enipo- 
nitiun,  it  may  be  pf«»iimed  that  the  pectin  ia  pure  {FrAmy).  In  the  prepomtion  and 
puriflt^ition  of  pectin  it  i«  indiirpensable  also,  according  to  Frim j,  to  avoid  the  use  of 
Utiiiiig  water,  which  altera  it  rapidly  by  converting  it  into  panpectin.  Fr^my  dednees 
from  his  own  analyites  of  pectin  the  ^muk  C^fl^",  requiring  40-7  percent,  carbon » 
61  hydrogen,  and  54  2  oxygen. 

£kc&nipr>4ttvm*.—B(nMng  vmter,  aa  already  obaervad,  oonverta  pectin  into  parapoctin. 
Bihite  amd»  at  the  boiling  neat  conT«rt  it  into  metapectin,  and  finally  into  metapectic 
acid.  Alkalis  and  alkaline  tartht  immediately  change  it  into  pectates,  and  these  salts 
when  trealad  with  acids  yield  insoluble  pectic  acid.  Laatly^  nnder  the  infiaence  of 
ptci^u^  pectin  is  converted  into  pectosic  acid^ 

Vamp»etlib  Aqueous  pectin,  when  boiled  for  several  houra^  loaaa  ita  gummy  con- 
siitt^^nce,  and  is  converted  into  pampectin,  whieh  is  precipitated  by  alcohol  in  the  fonn 
of  n  tmnslucent  jelly.  It  then  still  retains  albuininous  sulMBtonn^  which  are  predpilat«d 
IWim  (he  aqueous  aolution  by  addition  of  a  small  quantity  of  bai>ic  acetate  of  laaa 

Pampectin  ia  an  amorphoua,  neutral  aabatance  P'sembfing  p^-ctin  ;  taateleas  ;  sulnbla 
iu  water,  like  pectin  and  metapectin;  distinguished  from  the  former  by  being  pre* 
ripi table  by  neutral  acetate  of  lead,  and  from  the  latter  by  not  b^ing  procipitatod  by 
fhloride  of  barium.     It  is  isomeric  with  pectin  at  100'^,  but  gives  up  1  at  wol^'r  when 
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a  is  parapectin  seTeral  timea  purified ;  h  and  e  are  less  pure. 

Purapectin  ia  oonTerted,  by  boiling  with  dilnle  ftcid*,  into  metapectin ;  by  aqueous 
alkalis  into  a  aalt  of  pectic  acid.  Ita  aqueous  solution  precipitates  neutral  acetaU  vf 
lead^  forming  a  precipitate  containing  very  variable  quantities  of  lead-oxide  (from  1 1  '9 
to  18*6  and  212  per  cent.).  The  organic  portion  of  the  precipitate  was  found  to  con- 
tat  n  41-95  per  cent,  carbon ^  and  6  42  hydrogen.     ( F  r  *  m  y , ) 
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XetapeetlB.  C'*H**0'>  ? — Panpecdn  is  quickly  oonTerted  into  this  sabstance  hj 
boiling  with  dilute  acids.  It  is  unciystallisabie ;  has  an  acid  reaction ;  is  soluble  in 
water,  like  pectin  and  parapectin ;  distingoished  from  both  bj  its  acid  propeitiee  and 
precipitability  by  chloride  of  barium.  Metapectin  dried  at  100^,  giTes  off  1  at  water 
at  140^,  and  then  exhibits  the  same  composition  as  parapectin  (by  analysis,  41*85  per 
cent,  carbon,  and  6*68  hydrogen). 

By  alkalis  it  is  converted  into  a  salt  of  pectic  add.  It  dissolves  in  water ;  if  tha 
solution  also  contains  hydrochloric,  sulphuric,  or  oxalic  acid,  alcohol  throws  down 
gelatinous  compounds  of  these  adds  with  metai>ectin.  From  aqueous  metapectin, 
chloride  of  barium  throws  down  a  precipitate  containing  from  14  to  16  per  cent,  baiyta 
(C»H«*0**Ba"0  *B.  141  per  cent  ba^rta).  The  lead-compotmd  contains  19-48  per 
cent  lead^xide  (0WH*«O".Pb''0  -  2030  per  cent  Pb^O). 


ftold.    This  add,  probably  isomeric  with  parapectin  and  metapectin,  ia 

obtained  as  the  first  product  of  the  action  of  pectasa  or  of  aqueous  alkalis  on  aqueous 
pectin  the  solution  solidifying^  to  a  jelly  immediately  or  after  addition  of  adds ;  but  it 
IS  ouickly  oonverte-i  into  pectic  add  bjr  the  further  action  of  the  same  agents,  or  by 
boiling  water.  It  has  an  add  reaction;  is  nearly  insoluble  in  cold  fDater,  quite 
insoluble  in  water  containing  hydrochloric  acid,  but  easily  soluble  in  boiling  water 
(whereby  it  is  distinguished  from  pectin),  and  forms  a  jelly  on  cooling.  It  gare  by 
analysis  41*1  per  cent  carbon,  and  5*25  hydrogen.  (Fr^my.) 

The  gelatinous  amorphous  pe^oaaUa  are  easuy  converted  into  pectates  by  excess  of 
baae ;  when  pure  the^  dissolve  completely  in  warm  dilute  add,  whereas  pectates  leave 
a  residue  of  pectic  amd. 

The  barium-^aU  predpitated  from  aqueooi  pectin  by  a  quantity  of  baiyta-water 
infuffident  fbr  complete  predpitetion,  contains^  on  the  aveiagp,  24*4  per  cent  baryta 
(GI"H««Ba''0"  -  253  per  cent  BaO). 

The  lead-salt  contains  32-76  per  cent  lead-oxide,  the  formula  C'^*^Pb''0*>  requiring 
«8'42  per  cent  PbO. 

Peotlo  aefld.  C**H^**?~This  add,  though  it  may  be  obtained  from  most  plante, 
if  not  from  all,  does  not  exist  in  them  rea^  formed,  at  least  not  always,  but  ia 
prodnoed  from  pectose  or  pectin.  In  fiict  when  a  solution  of  pectin  holding  potash  in 
floiqpension  is  left  to  itoelSf  at  a  temperature  of  30^,  the  pectm  is  first  converted  into 
peetosic,  then  into  pectic  add.  Dilute  solutions  of  potash,  soda,  alkaline  carbonates, 
ammonia,  and  aqueous  baryta,  strontia,  and  lime,  transform  pectin  almost  immediately 
into  pectates.  Pectic  acid  is  extract«Hl  from  its  different  salts  by  submitting  pectates 
to  the  action  of  acids. 

Preparation. — 1.  Well  washed  carrot-pulp  is  boiled  with  water  slightly  addulated 
with  hydrochloric  acid,  wherebv  pectin  is  dissolved.  This  pectin  is  converted  into 
pectete  of  sodium  by  boiling  with  the  proper  ^uanti^  of  sodic  carbonate  (to  be  deter- 
mined by  trial) ;  the  solution  is  predpitet^  with  hydrochloric  add ;  and  the  separated 
pectic  acid  is  dried,  first  in  vacuo,  then  bv  heat  If  too  small  a  quantity  of  carbonate 
IS  added,  peetosic  add  may  be  formed ;  if  too  much,  metepectic  acid  mav  be  produced 
(Fr^my). — 2.  The  pulp  of  peeled  turnips  is  well  washed  with  water  and  preMed,  and 
the  residue  is  boiled  for  three  quarters  of  an  hour  with  water  to  which  ^  of  sodic  car- 
bonate, or  a  small  quantity  of  caustic  potash,  has  been  added.  The  liquid  is  filtered, 
the  solution  is  predpitated  with  chloride  of  caldum ;  and  the  pectate  of  ealdum  is 
deooinposed  byhydxodiloricadd(Braconnot,  Re^nault;  Simonin,  J.Pharm.xx. 
478.  Regnault  dissolves  the  still  coloured  pectic  acid  in  aqueous  ammonia ;  decolorises 
it  with  animal  charcoal  at  60^  to  80^ ;  predpitetes  the  filtrate  with  hydrochloric  acid ; 
and  repeate  the  solution  in  ammonia  and  predpttation  with  add,  in  <nder  to  remove 
the  mineral  constitaents. 

3.  The  pulp  of  carrots  or  celery  is  exhausted  by  washing  with  pure  water,  boiling 
withwatercontaininffhydrochloricadd,  and  again  washing  with  pure  water;  thereddue 
la  boiled  with  very  dilute  potash -ley;  and  tl^  solution  ia  precipiteted  bv  hydrochloric 
add  (Br  a  con  not).  Frimj  obteined  by  this  process  only  a  small  quantity  of 
pectic  acid  {vid.  sup.),  Chodnew  boils  turnips  after  trituration,  washing  and  press- 
ing, with  veiy  dilute  potash,  for  half  to  three  quarters  of  an  hour ;  strains;  predpitates 
the  still  turbid  solution  with  hydrochloric  acul ;  washes  the  pectic  add  several  times, 
first  with  addulated,  then  with  pure  water ;  presses  it  with  tne  hand  after  each  wash- 
ing, and  redissolves  it  in  ammonia,  whereby  an  easily  filtering  lk|uid  is  obtained, 
which,  after  filtration,  is  precipiteted  by  hydrochloric  add.  This  predpitate  is 
washed  as  above,  and  finally  witn  alcohol* 


•  washed  pulp  of  turnip*  or  amlM  wUh  hydrochloric  acid,  predpitating  with  alcohol. 
t  pr«cipkaU  with  alcohol  or  ether,  proMtag  and  drying  at  IMP,  C  h  od  n  e  w  oMalaad 
I  lihe  woody-fibre,  whkh  Im  calls  pectons  act  d ;  it  fa  sUgbtly  acld,aoliaM«  la  weior 


*  By  boiling  the  washed  pulp  of  turnip*  or  i 

tben  washing  the  I  ...-.--.- 

a  Doo-frfable  mast  I , .  .  _     . 

even  alter  drying,  precipitated  ai  a  jilly  by  lacew  ef  pccaab  or  liMe*water,  butaol  by  chlsride  efpe* 
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Aocording  to  Fr^my,  pectic  acid  prepared  in  the  ordinair  way  (probably  according 
to  methodfl  2  and  3)  contains  albmninona  aubstanoea  whicb  may  oe  more  easily  pre- 
cinitated  by  small  quantities  of  basic  acetate  of  lead,  after  prolonged  boiling  of  the 
solution  supersaturated  with  ammonia. 

Mulder  washes  comminuted  carrots,  turnips  or  sweet  apples  with  water,  boils 
the  residue  with  Tery  dilute  potash,  not  in  excess,  and  precipitates  with  hydrochloric 
add. 

Fromberg  prepared  his  pectic  acid  from  turnips  bj  comminution,  washing  with 
cold  water,  and  boUing  with  very  dilute  carbonate  or  sodium. 

According  to  DiTers  (Chem.  Soc.  J.  zyii  91)  pectic  acid  is  produced,  together  with 
parapeetic  acid,  by  the  spontaneous  decomposition  of  gum  cotton. 

Properties, — ^Pectic  acid  in  the  moist  state,  is  a  truisparent^  colourless  jelly,  which 
dries  up  to  a  white,  transparent^  homy  mass,  difficult  to  pulverise.  It  has  an  add 
taste  and  reaction.  It  is  insoluble  in  cold,  nearly  insoluble  in  boiling  water,  insoluble 
also  in  alcohol  and  in  ethw.    Its  oompontion  is  as  follows : — 

CakntaUm  (FrtoyX  Mulder.  Frooiberg.  Begwmlt.  Chodnew.  FrfnT. 

. '      -s  A               h.  U\¥P,  atl90<*  atlSQO. 

CM        192        42-29  44-9        44*6        44*6  42*69  4222  41*40 

H"          22          4-84  6-4          68           6-2  471  6*24  477 

0»        240        62-87  497        601         60-8  62*60  62*64  63*88 


eifH«0*»    464      100*00      1000      100*0      1000      10000      10000      100*00 

The  analyses  are  giTen  as  mean  results.  Be|^nlt  and  Chodnew  examined  pectie 
add  prepared  from  turnips ;  Frimy  analysed  acid  from  various  sources.  Chodnew's 
add  left  4  per  cMit.  ash,  which  is  dsducted :  see  above.  Mulder's  pectic  add  a  was 
obtained  from  carrots,  and  left  4*17  per  cent,  of  ash,  composed  of  lime  with  traces  of 
silica ;  h  was  obtained  from  sweet  tuples,  and  left  8*2  per  cent  ash*  Fromber^a 
pectic  add,  obtained  from  turnips  and  dried  at  140%  left  7  par  cent  ash,  composed  m 
great  pait  of  caustic  limei 

The  analvses  of  pectic  add  differ  from  one  another  as  widely  as  those  of  pectin.  It 
is  most  probable,  however,  that  pectic  add,  as  indicated  by  Fray's  formula,  differs 
fKfm  pectin  onlv  by  the  elements  of  water.  Begnault  gave  the  formula  C'*H**0**,  both 
for  pectic  acid  dried  at  140^,  and  for  that  contained  in  the  salts.  Chodnew  gives  the 
formula  C^^H'K)",  which  agrees  with  the  compodtion  of  many  of  the  pectates,  and  re- 
quires 42*42  per  cent  carbon,  6*06  hydrogen,  and  62*62  oxygen. 

Deeompontions. — 1.  Pectic  add  becomes  coloured  at  120^  (Regnault);  black  at 
150^  (Chodnew),  and  at  200°  gives  off  carbonic  anhydride  and  water,  and  is  converted 
into  parapeetic  acid,  p.  368  (Fr^ my). — 2.  It  melts  when  heated,  swells  up,  bums  away, 
and  leaves  a  difficultly  combustible  charcoal  (Begnault). ^3.  When  pectic  add  is 
boiled  with  water,  parapeetic  add  is  formed;  likewise  when  insoluble  pectactes  are 
boiled  with  water  (Fr^my).  When  pectic  add  is  left  in  contact  with  water  for  two  or 
three  months,  it  dissolves  as  metapectic  acid,  which  is  likewise  produced  when  pecUe 
add  is  boiled  with  water  for  86  hours,  or  when  moist  pectic  acid  is  dried  by  heat  Not 
a  trace  of  susar  is  formed,  even  afi«r  boiling  with  water  for  seven  or  eight  days,  and 
the  solution  aces  not  reduce  potassio-cupric  tartrate  unless  it  contains  para-  or  meta- 
pectic acid  (F  r  6  m  y ).    See  below. 

4.  Pectic  add  is  not  altered  by  cold  oil  qf  vitriol^  but  is  quickly  charred  by  that 
liquid  when  heated  (Braconnot,  Beffnault).  By  boiling  with  dilute  acids,  it  is 
converted  into  metapectic  add,  which  dissolves  (Fremv).  It  is  not  altered  by  hot 
wry  dilute  hydroeklwrie  acid  (Begnault). — Pectic  add  prepared  from  turnips  does 
not  dissolve  till  after  very  long  Iwiling  with  dilute  acids  (more  quickly  with  concen- 
trated adds)  and  the  solution  does  not  contain  metapectic  acid ;  that  which  is  prepared 
from  pectin  decomposes  much  more  quickly.  When  the  first-mentioned  pectic  add  is 
boiled  with  dilute  mineral  adds,  the  lic^uid  soon  acquires  a  faint  red  colour,  reduces 
copper^  and  silver-salts,  and  if  sulphuric  add  is  used,  gives  off  carbonic  and  formic 
acids,  and,  finally,  an  odour  of  caramel.  The  solution,  which  remains  colourless  if 
diluted  at  the  right  moment,  leaves  a  black  product  when  filtered,  and  if  evaporated 
after  the  sulphuric  add  has  been  removed  by  carbonate  of  barium,  it  leaves  a  syrup 
from  which  alcohol  predpitates  a  barium-salt  soluble  in  water,  leaving  in  solution  a  sugar 
(partly  converted  into  caramelX  which  is  fermentable  and  capable  of  uniting  with 
common  salt.     The  barium-salt,  which  is  soluble  in  water,  appears  to  contain  fcnnio 

taMhini ;  eonT«rt«d  into  pectic  acid  bv  tolution  in  potash -ley  and  preclpitatioa  with  hydrochloric  add; 
contains  43*2  per  cent,  carbon,  5*6  hydrogen,  and  51  9  oxygen. 

Another  acid,  cnlled  hrperpec  tic  acid,  i«  obtnined  from  the  tnmip^ulp  after  exhanMlon  with 
hydrochlortc  acid,  by  boiling  it  with  dilute  potash  (not  with  ammonia),  and  precipitating  with  bydro- 
cblorleacid.  it  i«  a  gelatlnoua  subatance,  containing  {»i  \(KP)  after  deduction  or  O'ftl  per  cent,  ask, 
41-5  per  cent,  carbon,  4  8  hydrogen,  and  53*7  oxygen,  and  ii  diftingoisbed  from  pectic  aad  bj  not  dh* 
•oiring  lo  ammoula.    (Chodnew.) 
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ncid,  and  an  acid  simiUr  to  malic  acid  (C  hod  new).  The  jelly  of  pippins  compLetelT 
freed  from  sugar  by  alcohol,  is  converted  into  su^  by  twenty  mmntes  boQing  with 
oxalic  acid  (CouTerchel,  Ann.  Ch.  Fhys.  [2]  xln.  181 ).  According  to  Fthnj,  peetie 
acid  is  transformed  by  acids  in  the  same  manner  as  by  irater,  therefore  without  fivma- 
tion  of  sugar.  Fr^my  attributes  the  formation  of  sugar  in  Chodnew's  expcrimeDls  to 
the  presence  of  starch  in  the  pectic  add  employed. 

5.  WiUini^rtc  acid,  pectic  add  yields  oxuic  acid  (Taiiqiieliii)  and  mode  aol 
(Brae  onnot).    Chodnew  obtained  mucic  add  from  pectin,  but  not  from  pectic  add. 

When  peetic  add  is  heated  with  the  aqueous  solntion  of  caiaiie  aihUis  at  gfiKdttit 
carhonaUa,  metapectic  add  is  formed  (Fr^my).  Pectin  and  pectic  add  prepared  ham, 
it,  undergo  these  transformations  much  more  readily  than  ordinary  pectic  add  (Fr^mj, 
Chodnew).  The  liquid  acquires  a  brown  colour,  but  is  not  found  to  contain  oonke 
add  (Fr^my). 

Pacta  tea»  The  pectates  of  the  alkali-metals  are  soluble  in  water,  the  real  inaohible 
and  gelatinous.  The  jellies  predpitated  ftom  odd  solutions  are  denser  than  those 
obtained  from  hot  solutions  (Kegnault).  At  a  moderate  heat»  the  add  eiEpela  ear- 
bonio  add  from  alkaline  carbonates.  It  dissolTes  easOr  in  aqueous  alkalia,  eren  idfter 
drying.  Tlie  solution  is  not  predpitated  by  mercuric  chloride,  but  with  all  other  aalta 
it  yie&s  gelatinous  pred^itates,  which  diMolTe  in  excess  of  alkali.  It  is  difllcalt  to 
obtain  the  salts  at  a  definite  degree  of  saturation,  because  the  neutral  aalta  fonaed  at 
fintt  take  up  an  additional  quantity  of  pectic  add  (Begnault,  Frimj).  When  a 
soluble  pectate  is  predpitated  by  a  metallic  salt,  the  composition  of  the jpredmtate  de- 
pends upon  that  of  the  soluble  salt,  and  varies  with  it  (Kegnanlt).  The  jafiea  pre- 
cipitated  by  metallic  salts  from  pectate  of  ammonium  and  pectate  of  ralfiiim,  are 
transparent  if  the  acid  was  pure.  They  obstinately  retain  portions  of  the  predpitBiift^ 
which  cannot  be  removed  by  washing  on  the  filter,  but  may  be  got  rid  of  by  pi  laaiiia 
the  jelly  wiUi  the  hand,  pouring  fi^sh  water  upon  it^  and  so  on,  wherelbj  the  ai£ 
acquires  the  consistence  of  woody  fibre,  and  becomes  friable  after  drying  (Chodnew^ 
The  insoluble  salts  dry  up  to  very  hard,  difficultly  fiiabl^  homy,  hygroseoptc  mtsies. 
They  take  fire  when  heated  in  contact  with  the  air,  retain  water  obstinately,  ao  tlMt 
they  cannot  be  dried  below  140®  or  150®,  and  decompose  at  about  200^  (Re^^nanlt). 

The  ammomum-aalt  is  obtained  as  a  colourless  jelly  by  dissolving  pectic  acid  in  am* 
monia,  and  predpitating  with  alcohol — The  potaasiumUait  is  obtamed  in  liJke  manner 
as  a  jelly  which  becomes  fibrous  when  washed  with  alcohol  and  dried  at  120^.  It  re- 
dissolves  in  water  forming  a  neutral  solution.  Chodnew  found  18*89  per  cent,  potash 
(K*0)  in  the  salt  dried  at  120®,  and  20*0  per  cent  in  the  salt  dried  between  l6fP  and 
160®. — The  sodiuTn-^ali  obtained  in  like  manner  is  a  colourless  jelly  oontaiaing  (at  120^) 
18 '73  per  cent  sodium.    (Chodnew.) 

PectaU  of  barium  is  obtained  as  a  colourless  jelly  by  mixing  diloride  of  bariom  with 
n  solution  of  pectic  add  in  ammonia.  Fr^mv  obtains  it  pure  by  treating  m  eold  aol- 
ution  of  pectin  protected  friom  the  air  with  a  Luge  excess  Of  baryta-water.  A  eopioos 
precipitate  of  peetoeate  of  barium  is  then  formed,  whidi  dumges  into  pectate  under  the 
influence  of  excess  of  base.  The  predpitate  is  to  be  quickly  washed  and  dried,  first  in 
a  vacuum,  then  in  a  stove  at  120®.    It  contains  20*1  per  cent  baryta.   (Haider.) 

The  ealeium-Mit  is  obtained  in  like  manner  as  a  transparent  jdly,  which  in  three 
preparations,  dried  at  120®,  gave  12*88,  12*42,  and  12*46  per  cent  lime.  (Chodnew.) 

The  eopper-iolt  is  a  green  jelly  containing  16*86—16*88  per  cent  eapric  oxide 
(Chodnew);  of  variable  composition  (Regnault).  The  Um-soU  obtained  by  pre- 
cipitating acetate  of  lead  with  an  ammoniacal  solution  of  pectic  add,  ^ntafnt  very 
variable  quantities  of  pectic  add  (34  to  60  percent  according  toFr^my).  TheoKganic 
matter  in  this  predpitate  contains,  according  to  various  amdysts,  from  42*9  to  46*2 
per  cent  carbon,  6*2  to  4*5  hydrogen,  and  49*6  to  68*0  oxygen.  The  sUner^mit  is 
difficult  to  obtain  pure.  Begnault  found  it  to  contain  quantities  of  ailvciHudde 
varying  from  37*7  to  41*0  per  cent. 

From  the  above  discordant  results  of  the  analvses  of  pectates,  it  is  impossible  to  ob- 
tain any  verification  of  the  formula  of  pectic  add. 

Yarapaetle  seta.  C**H><0"  ?— Pectic  add  boiled  for  some  time  with  water 
disHolves  as  parapectic  add.  In  like  manner,  pectates  heated  for  several  hours  to 
150"  or  hoilA  with  water,  are  converted  into  parapectates.  Parapectie  acid  is  also 
formed,  together  with  pectic  add,  by  the  spontaneous  decomposition  of  gan-ootton. 
(Divers,  Chem.  8oc.  J.  xvii.  91.) 

Parapectic  acid  is  soluble  in  water,  uncrvstallisable,  destitute  of  optical  rotatory 
power,  and  has  a  strong  add  reaction.  When  heated,  it  behaves  like  peetia ;  whea 
dissolved  in  water^  it  is  quickly  converted  into  metapectic  acid ;  when  boiled  with 
potassio-cuprie  tartrate^  it  predpitates  cuprous  oxide ;  and  it  is  not  fermentable. — It 
forms  soluble  salts  with  the  alkaita,  and  is  precipitated  therefrom  by  czeeas  of  Aaryte- 
water,  being  thereby  distinguished  frx>m  metapectic  acid.;  from  its  aqueous  Solntioa.it 
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is  precipitated  hj  tleohoL  Tbe  poiatmum^9ati  pndpiUkt^  teom  tta  aqoectts  solution 
by  alcohol,  and  dried  at  160®,  contaitw  23  per  cent,  potaah  (0**H*K*O»  »  22  4  p«r 
cejif.  K'O). — Tbe  lead^alt  obtained  by  boiling  poctAtc  of  leaa  sojip^nd^d  in  wat^r  for 
■ereml  houn,  or  hj  precipitating  aqueous  panpectic  add  with  neutral  aci?tiite  of  lead, 
irw  Ibund  to  contain  from  40*0  to  41'7  per  cent,  lead-oxtde,  iind  the  organic  part  of 
tbe  prpcipitate  gave,  aa  the  mean  of  three  analyies^  43  9  per  cent,  carbon  and  47 
bydpi:>gi?n,  whence  Frimy  deduces  the  formnhi  C^IP'Pb'O*** 

Metapoetto  aeld*  C^H'*0*  ?  Acid^  o^Z/M/iyi^.— Thia  acid  oocoza  aa  a  prodm^t  of 
the  tranafcirniHrion  of  pectoee,  in  uU  flu  ids  of  the  vi*getiibl«  oi^ganiam  which  are  in 
oontttct  with  tiMue  cont^tintng  p<^ta«e.  All  pectous  subatanoee  may  be  converted 
either  directly  into  roetap«?tir  ncid,  or  into  products  which  yield  thia  acid  after  further 
treatment.  When  lime  \ia  allowed  to  net  on  mangold- wunel  pulp  io  the  manufacture 
of  tigar  on  the  huge  Maitv  roetapectate  of  catcinm  may  be  formed^  which  then  accumu- 
latea  in  the  molaaaea.  It  may  be  prepared  by  washing  chopped  mangold- i^^iracl  with, 
water ;  boiling  the  reaidiie  for  an  nour  with  milk  of  lime  and  pressing ;  cruporating 
the  liquid  to  a  ajnupv  and  mixing  it  with  aloohoL  Motapectate  of  calcium  then 
falls  to  tbe  bottom,  and  after  it  has  been  decomposed  by  oxalate  of  ammonium,  the 
filtered  solution  is  mixed  with  excess  of  neutral  acetate  of  lead  to  precipitate  colonring 
matter,  phosphoric  acid  and  other  substancett ;  and  the  filtrate  is  supersaturated  with 
ammonia,  which  throws  down  niptapectate  of  It^ad.  By  decompoeing  this  salt  under 
water  with  sulphydric  acid,  and  f^vaponiting  tiie  filtrate,  aqueous  metapecUc  acid  ia 
obtained  as  an  amoqihous,  strongly  add  maas,  destitute  of  rutatory  power,  deliquescent^ 
and  easily  soluble  in  water.  The  aoueous  solution  quickly  becomes  covered  with 
tQoul4  and  is  dc^composed  by  prolonged  boiling,  with  formation  of  acetic  acid  and  black 
ulmic  acid.  It  reduces  polassith-cupric  tattratt  at  the  boiling  heat,  also  tUver  and  gold 
Moits.  The  mrfapcctaitA  (excepting  the  ba«ic  fnilts)  are  all  soluble  in  water.  The 
uqutHius  add  decomposes  carbonates  and  neutmliFCs  stronp  bas'S. 

MtiapectaU  of  Lead, — Aqueous  me tapectie  acid  precipitates  buaic  acetate  of  lead, 
but  not  the  nentral  acetate.  The  aqneons  solutions  of  the  alkaline  metapectates  added 
to  neutral  or  basic  acetate  of  lead  in  excess  (of  the  lead-salt?)  throw  down  soluble 
precipitates.  The  predpitatett  thrown  down  (W>m  aqueous  metapectic  acid  by  basic 
acetate  of  lead  contain  from  67  5  to  688  per  cent  (C"H'«Pb*0»-67'2  per  cent,  PbO) 
and  73-4  to  74-2  per  cenr.  oxide  of  lend  ((^H^PbO'.Pb^O  -  76-4  per  cent.  PbO) ;  after 
deduction  of  the  lead-0(xide,  they  contain  on  the  arerage  43'dl  per  cent  C,  458  H, 
and  5-91  0,  corresponding  to  the  formula  C'*H^*0^  (calc,  44*08  per  cent  C,  4*68  H, 
and  51  3  O). 

F]r?i»p««tlc  A^ld.  When  pectin  or  oitlier  of  \\a  denvativcs,  such  as  pectic,  para- 
pectic»  or  metapectic  acid,  is  hented  to  200**,  water  and  carbonic  anhydride  are  erolved, 
and  pyropectic  acid  remains  in  the  form  of  a  black  substance  insoluble  in  water^  but 
soluble  in  alkaline  liquids.  It  contains  bVZ  per  cent  carbon,,  53  hydrogen^  and  43-4 
oxygen,  whence  Fr^my  deduces  the  formula  C'*H"0*,  It  is  remarlcable  that  the 
byrlfogen  and  oxygen  in  this  body  are  in  the  same  proportion  as  in  the  black  acid  of 
sugar. — Pyropectic  add  forms  brown  uncrystAllisable  salts,     (Pr^my.) 


GfTtfrai  mifi  of  the  trmisformaHons  cfPeHin  and  tkf  mutual  reiatumM  of 

I.  PeeioM  heated  with  dilute  acids  is  eonrerted  into  pectin,  which  by  longer  boiling 
is  transformed  into  metapectic  acid. 

2  By  boiling  with  mi!k  of  lime,  it  is  converted  into  metapectic  acid  Probably 
pectic  add  is  formed  in  the  first  instance. 

3.  Pectin,  when  its  aqueous  solution  is  left  to  itself,  changes  into  metapectic  add. 
It  pectase  ii  likewise  present,  the  change  takes  place  more  quickly,  pectoeic,  pectie, 
and  metapectic  add  being  successirely  produced.  When  pectin  is  boiled  with  water, 
parapectin  is  produced. 

4,  Pectin  boiled  with  strong  adds,  is  oonyerted  into  metapectic  acid. 

6.  By  cold  dilate  aqueous  alkalis,  it  is  conferted  into  pectosic  acid,  which  qaiddy 
undergoes  further  transformation  into  pectic  acid,  or  by  boiling  with  strong  alkalis, 
into  metapectic*  acid, 

8.  Parajoectin  boiled  with  dilute  acids  is  converted  into  metapectin  ;  aqueous  alkalis 
coQiwrt  it  into  a  pectate. 

7.  MtUtptctin  IS  converted  by  alkalis  into  faltfl  of  pectic  acid. 

8.  PtctQtic  arid  is  converted  into  pectic  acid  by  boiling  with  water,  either  pure  or 
alkaline,  or  by  contact  with  pectoae.  When  boiled  with  aqueous  alkalis  it  forms 
metap<f*ctic  scid. 

0.  Pr^dr  neid  is  converted,  by  l^np  contfl!*!  with  wsit^r  in  the  cold,  more  quickly  »t 
ToL.  l\\  '  B  B 
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the  boilinff  heat,  into  puapectic  acid,  then  Anther  into  metapeciio  acid.     Hmling  villi 
aoidfl  or  ^kalis  likewise  oonreita  it  into  metapectic  acid. 

10.  ParapecUe  add  in  contact  with  water,  is  quickly  converted  into  metapeetie  add. 

11.  MttapeeUe  turid  cannot  be  oonTerted  into  any  other  anbetance  of  the  peetiii 
gnnip. 

PBIiAWXTB.     NatiTe  phoephate  of  alnmintnm  £rom  Strigia  near  Freibetg  (aea 

Phosfhatbb). 

VBOAVUBI  WHmUJATiH,  JL&KAXOIlMi  OV.     Sea  Kasmauskm  and  H&b- 

vnni  (iii.  7). 
PBOBBATXrai    Graphic  granite. 
PBOIBATOXilTB.     Syn.  with  Obthoclasb. 


A  protein-Bubstance  obtained  by  Thomson  from  the  boffooat  of  the 
blood  of  men  and  horses,  by  washing  with  cold  water  and  ezhansting  the  dried  readne 
with  alcohol  and  ether.  It  contains  sulphur,  and  is  reg^ed  by  Thomson  as  a 
peculiar  substance. 


Om'^O  -  G>Hy.C*H"0.  a^.Dc^^y/.— when  peUtgonate 
of  barium  is  submitted  to  dry  distillation,  this  compound  passes  orer  aa  a  brown  oil 
which  solidifies  on  cooling,  while  carbonate  of  barium  remains  behind.  The  distilled 
products,  after  pressure  between  bibulous  paper,  form  a  solid  substance  which  diasolTes 
easily  in  ether,  and  is  deposited  by  spontaneous  eTsporation  in  large  lajniw^  whidi 
assume  a  nacreous  aspect  when  dry.  It  is  strongly  attacked  by  fuming  nitric  acid, 
forming  a  nitro-acid. 

WmEJLMUOnWMm    C*H>«.     Syn.  with  NoKTLsni  (p.  184). 

WWIbAMOOMIO  AOIB.  Cm'*0*  «^^*'^|o.   (Bedtenbacher  [1846],  Ann. 

Ch.  Pharm.  lix.  62.— Ploss,  ilfid.  lix,  54.— Qerhardt,  Ann.  Ch.  Phya.  [3]  xxir.  107. 
— Ca hours,  Compt.  rend.  zxvL  262. — Chiozza,  Ann.  Ch.  Phys.  [3]  xxzix.  207). — 
This  acid  exists  in  the  Tolatile  oil  of  Pelaiyonium  roseum.  1 .  It  is  produced,  together  with 
several  other  volatile  acids,  in  the  distillation  of  ckoloidic  ana  of  oleic  add  (p.  19SX 
with  nitric  acid  (Redtenbacher). — 2.  In  the  oxidation  of  oil  of  rue  by  nitric  acid 
(Gcrhardt  and  C  a  hours). — 3.  A  small  quantity  of  pelargonic  acid  is  formed  together 
with  many  other  volatile  acids,  in  the  putrefaction  of  yeast  (W.  Mailer,  J.  pr. 
Chem.  Ixx.  66  ;  O.  Hesse,  ibid,  Ixxi.  472.) 

Preparation,  From  oil  of  rue. — When  1  pt.  of  oil  of  rue  is  gently  heated  with  1  pL 
of  commercial  nitric  acid  and  2  pts.  of  water,  an  action  sets  in,  violent  at  first  and  eoo- 
tinuing  for  a  quarter  or  half  an  hour,  even  after  the  fire  has  been  removed.  The  liquid 
is  then  boiled  and  cohobated  repeatedly,  till  scarcely  any  red  f^mes  are  evolred ;  the 
layer  of  oil  is  decanted,  washed  with^  water,  and  treated  with  aqueous  potash,  where- 
upon some  non-acid  oil  of  a  very  acrid  odour  is  separated ;  the  sJkaline  solution  \m  de- 
composed by  sulphuric  acid ;  and  the  oily  add  which  separates,  and  is  oontaminsled 
with  resin  and  colouring  matters,  is  collected  and  rectified.  The  distillate  ia  neotndised 
with  baryta,  f^ed  from  excess  of  bairta  by  cold  vrater,  dissolved  in  boUing  alcohol, 
then  filtered  and  cooled  to  the  crystallising  point.  Pelargonate  of  barium  then  crystal- 
lises out  (the  mother-liquor  sometimes  retains  caprate  of  barium) ;  and  this  salt  decom- 
posed by  dilute  sulphuric  acid  yields  pelargonic  acid,  as  an  oil  fioating  on  the  surftee 
(Gerhardt).  Owing  to  certain  circumstances  not  ascertained,  a  compound  of  nitne 
oxide  with  pelargonic  acid  is  sometimes  obtained  in  this  process.    (Chiozsa.) 

From  the  blossom  and  herb  of  Pelargonium  roseum, — ^The  herb  is  distilled  wiUi  water; 
the  distillate  saturated  with  baryta;  the  neutral  oil  distilled  off;  and  the  residue  evapo- 
rated to  dryness  and  exhausted  with  boiling  alcohol,  which  takes  up  pehugonate  of 
barium.     (Pleas.) 

Properties. — Pelargonic  add  is  a  colourless  oil  (greasy  according  to  Red  tenb  Ach  er) 
which  solidifies  in  the  cold,  melting  afterwards  at  K)*^.  Smells  slightly  of  butyric  acid. 
Boils  at  260^ ;  iti  a  stream  of  carbom'c  anhydride  it  distils  undccomposed  and  colour- 
less (C  ah  ours).     It  is  slightly  soluble  in  water,  very  soluble  in  alcohol  and  ether. 

Decompositions. — 1.  Pelwgonic  add  becomes  yellow  by  keeping  (Cahonrs). — 
2.  When  1  pt.  of  pelargonic  acid  is  intimately  mixed  with  4  pts.  of  pota9k4ime,  and 
gradually  raised  to  a  red  heat  in  a  coated  retort,  much  gas  escapes^  a  dear,  aoibcr- 
yellow,  thin  liquid  passes  over,  and  the  alkali,  partly  combined  with  carbonic  aad,  re- 
mains behind.  Bromine  absorbs  the  greater  part  of  the  gas,  composed  of  ethylene, 
tritylene  and  tetrylene ;  the  uncondensed  portion  bums  with  a  very  faint  flame,  and  is 
A  mixture  of  hydrogen  and  manih-gas.  The  liquid,  during  rectification,  begins  to  boil 
at  106°  to  186°;  up  to  110°  hexylene  passes  over;  the  remainder  between  136^  and 
ItO^  (C  ah  ours).— 3.  The  acid  is  resolved  by  the  dry  distillation  of  its  barium-sslt 
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ioto  emrbonic  &nbydride  aod  p«liigoiie  (CaKouri). — i.  It  u  Tiolently  acted  QjMa 

'  pmiafhitmde  of  pki^phof-us,  eTolring  hydrochloric  idd  and  forming  ozjchloride  of 

loaphoruB  and  chloride  of  pelafgy L     (G  a  ti  o  u  r  s. ) 

Pmmrfftmate  of  Ammonium  ia  er^rstaUine  (Gab  our  a).  FslAJsonie  add  sujpetided 
in  amiDoiiia  and  baat«d  forms  a  traxuparent  jeUj»  resembling  geUtinoua  silica.  Tbi« 
jelly  diaBolrea  when  heated  with  a  hkrg^T  quantity  of  water,  and  fofma  a  milky  Uquid, 
reaembling  a  aohitioo  of  aoap,  and  concealing  in  thf?  cold  to  a  pap-like  jeUy.  The  salt 
diaeolTei  refy  readily  in  cold  alcohol  (Oerbardt).  The poiastium-  ia4  Mdium^Moki 
are  readily  Bolnbl«  and  cryetaUieahle.    (CahotirH.) 

Ptlaryonate  of  Barium^  C"H*'Ba''0*t  prepared  aa  above,  fonna  white  acalos,  haying 
a  pparly  In^fv  (Oerhardt);  lavfi^  lamiuse  refrembting  choleiterin  (Rf^dtenbaeher)^ 
Contains  no  water  of  cr)'»fuUiiuiiou,  DiMoIyea  but  sparingly  in  cold,  somewhat  mart 
in  bat  water  (Gerhardt);  di«6olr«B  in  water  leca  readily  than  the  similarly  ciyt- 
tilliiilig  Talerats  and  ananthylato  of  barium,  but  more  reiidily  than  the  caprate.  It 
dkaolyea  with  difficulty  in  alcohol  (Redtenbacher),  The' calcium- wid  strontium' 
taftt  crystaUise  from  alcohol  in  pearly  scales,  sparingly  soluble  in  water. 

Ptiar^ojiaU  of  Copper,  C"H»*Cn*Q*,  is  obtained  by  precipitating  the  alcoholic  am* 
moninm-ialt  with  aqueous  nitnte  of  oopper.  The  abundant  grceniah-bloe  precipitate 
dissolrei  in  boiling  alcohol,  and  oil  eyapoiatioa  yields  drops  of  a  green  oil  which 
solidify  on  cooling,  and  when  dioaoly^d  i&  boiimg  alcohol  crystalliM  in  greeiuah*bluA 
grains  as  the  liquid  cools.  It  retains  2  at  water  at  lOO^i  and  in  that  state  girea  by 
aoslytis  15*45  per  cent  of  copper  (eale.  15*38). 

Ptlar^nate  of  Sth^er^  (?H"AgO*,  is  obtained  by  precipitating  the  hot  aqueous 
solnb'on  of  the  barium-salt  with  nitrate  of  siWer.  Analysis  40*7 — 4 11 6  per  cent, 
silyer — cak.  4075  per  cent. 

Prtargonate  of  Ethffl.  C"H»0*  *  C»H'^(C^*)0*,  Ptlargonie  etker.^ 
Produced  fiom  chloride  of  pelargjrl  and  alcohol ;  also  by  naesing  dry  hydrochlorie 
acid  gns  through  ateohoUe  pelargonte  acid,  whereupon  II10  ether  separatea  as  a 
jt  How  oil,  which  is  to  be  washed  successively  with  sodic  catbonate  and  water,  then 
dried  over  chloride  of  calcium  and  rectified.  When  thus  purified  it  forms  a  colourless 
oil  of  specific  gravity  0  86,  boiling  between  216**  and  218®.  By  boiling  with  potasb 
it  in  reeulved  into  afcohol  and  pelargonate  of  potaseium*  The  so-called  mruHttkie  itk9t 
{f,  174)  is  probably  the  same  compound. 

tfomc  fir$(L  Pelarponic  pdanjohiit^.  (Call ours,  Ann.  Ch^  Phys,  [31  xxxix*  207*) — Ob- 
tained by  the  actfon  of  oxycElondB  uf  phosphoms  on  pelaigooate  01  barium.  Colourless 
(jil,  tighter  than  water,  eondifying  at  0^  to  a  nias«  of  fine  needlea,  which  melts  at  5^. 
SmelU  slightly  rancid  in  the  cold,  but  riuous  and  aromatic  when  mix^d  with  hot 
aqueous  Trtpuur.  Heated  on  glass,  it  eTolves  acrid  fiimes  and  the  odour  of  burnt  fat 
It  i»i  -v^ry  filowly  transformed  intp  pclargonic  acid  by  water ;  by  aqueous  alkalis  less 
easily  than  caprylic  anhydride. 

Befuopclargonic  Anhydndf,  C'«H«0»  -  J  c*H*0 [ ^'     -^^^^7  described  (i,  558). 

Pl^AJI&OlfXC  EXaSR.     St^e  Pelakookatb  of  Ethyx  (tupra), 

9X&AJU&T&.     C*H'^0»— The  cadide  of  pebrfjiomc  add,  &e. 

Chloride  <if  Pdarg^l,  C*H**OCI,  is  obtaiaed  by  the  action  of  pentachlorido  of  phoi- 
phoms  OB  pelarK^ie  acid.  Aitat  i^sctificaticm  it  forms  a  colourless  Uquid  heayier  than 
water,  haying  a  suflTocating  odour,  giring  off  dense  fumes  on  exposure  to  the  air,  and 
boiling  at  220^.  In  contact  with  alcohol  it  beoorata  strongly  heated,  and  forms  pelar* 
gomite  of  ethy L    (C  a  h  o  u  r  s,  loe.  cit, ) 

FSXtB'S  HAHtx     A  cspillary  variety  of  obsidian  from  Hawaii  (p.  170). 

FlSlfXCikirXTB.  A  variety  of  cimoUle  (i.  986)  from  the  decomposed  granite  of 
Kiqw  in  RiLssiiu 

PBXuZOBS*  A  smoky<blae  variety  of  dichroite  ftxMn  Bodentnais  in  Bavaria 
(ii.  320). 

WMXtlAfTl^MMt  A  base  formed,  according  to  Bodekert  from  liydrated  pelosine, 
by  contact  with  air  and  light  On  treating  the  yellow  product  with  alcohol,  pellutoino 
diseolvcH  and  separates  on  cooling  in  brownish-yellow  flocks,  containing  (at  110°)  78"9 
per  cent  carbon*  S  2  hydrogen,  and  3'8  nitrogen,  agreeing  approximately  with  the 
formula  C'*H**NO^  The  chioroplaiinaU  is  a  precipitate  containing  from  177  tx>  180 
j)er  Cfint  pliitiiium. 

FB£OOOiriTB»  A  yariety  of  cupreous  manganese  (iii.  814^  having  a  liver- 
brown  tttreak. 

rs^OVtvns.    See  NioBmif  (p.  48). 

rax.08IlfS  or  duampeHnt,  C*'H"NO*,  (Wiggers,  Ann.  Ch.  Pharm.  xxvii.  29  ; 
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xxxiii.  81.  Bodeker,  Ixix.  63.}— An  alkaloid  contained  in  the  root  of  Futreira  hrmtm^ 
commonly  attributed  to  Cis»a$imelo9  pareira,  L.»  a  shrubby  meniapermaceons  plant; 
growing  chiefly  on  the  woody  hills  of  the  Antilles.  It  is  obtained  by  ezhMsdng  ths 
root  with  dilute  sulphuric  acid,  precifHtating  with  carbonate  of  aodium  (not  in  eoDeetil 
dissolnng  the  precipitate  in  ether,  and  oTaporatiog.  Pareira  root  jieHoM  ttam  ^^  to  ^ 
of  its  weight  of  pelosine. 

Pelosine  obtained  as  aboTe  forms  an  amorphous  transparent  yamiah.  On  adding 
water  to  the  ethereal  solution,  and  expelling  the  ether  by  distillation,  it  aepantea  aa  a 
white  pulverulent  hydrate,  which  giyes  off  its  water  at  100^  and  kaves  a  reaidne 
soluble  in  alcohol  and  ether.  Pelosine  is  insoluble  in  water,  oncrystalliaaUfl^  inodorom^ 
but  has  a  sweetish  bitter  taste.  It  blnea  reddened  litmus.  When  dziad  at  120^  it 
contains  71*0  to  72'0  per  cent  carbon,  7*2  to  7*0  hydrogen,  and  4*7  nitiqgen,  agreeing 
nearly  with  the  above  formula  (calc  72*2  carbon,  7*0  hydrogen,  4*7  nitrogen,  and  16*1 
ozygenX  which  is  the  same  as  that  of  codeine.  According  to  Bodeker,  hydntad  prioaina 
contains  8*21  per  cent,  water. 

Pelosine  undergoes  alteration  in  contact  with  the  air,  e^^ecially  under  the  influence 
of  heat  and  moisture.    It  is  reeinised  by  moderately  strong  nitric  add. 

The  salts  of  pelosine  are  for  the  most  part  very  soluble  and  diiBcalt  to  dyatalliae. 


deposited  in  white  flocks,  which  must  be  washed  with  the  same  liquid.  When  dried  it 
ibnns  an  amorphous,  very  hygrometric  powder,  verr  soluble  in  water  and  in  aloohoL 
The  solution  leaves  a  varnish  when  evaporated.  The  salt  dried  at  110^  ia  anhydvooa. 
The  chloroplatinaU  2(C'«H"N0".Ha).Pt>'Cl*  (at  110°)  is  a  pale  yellow,  amorpbooak 
8to>ngly  electric  precipitate.  The  ckromate,  C»»H«NO».Cr^H*0*.HK)  (?)  ia  a  yellow 
flocciuent  precipitate  which  turns  brown  during  washing,  and  when  heated  a  few 
degrees  above  100^,  decomposes  suddenly,  giving  off  chinoline  (?)  and  phenylie 
alcohoL 

PBVOATZra.  A  variety  of  hydrodolomite,  found  on  Veauvins,  and  at  ^edaoo 
in  South  Tyrol  Hpedfic  gravity  2-534  to  2*613.  Contains  26*7  to  29*8  per  eent 
carbonic  ai^ydride,  35*85  to  35*7  lime,  24*9  to  23*8  maj^esia,  and  16*6  to  10*7  water, 
agreeing  approximately  with  the  formula  Ca"CO'.Mg'^*0*.  (Roth,  JT.  pr.  Chsm. 
xxxvi.  304.     D amour,  Bull,  geolog.  [2]  iv.  1052.) 

PBVaBA^vrAS  SJAIKBZ.    The  hairy  stem  of  an  East  Indian  fen,  GboHmk 

CunUngii  (i.  962),  used  for  arresting  hemorrhage. 

PSWWZXB.    A  variety  of  chlorite  from  Zermatt  in  the  Talaia  (i.  918). 

PXMVZra.    Syn.  with  HTDROMicxELMAOKBSira  (iii.  212). 

PBMTA.    A  prefix  denoting  that  a  compound  contains  5  atoma  of  the  c 
specified :  e.g.  pentachlaride  of  phosphorus,  PCP ;  pentackhraceione,  C^CLK), 

psvTAcnnbomiMnxiM  or  PBMTAOB&omojnxowa.    One  of  tbe 

products  obtained,  according  to  Oorup-Besanes,  by  the  action  of  hypochloitraa  acid  on 
creosote  (ii.  105). 

PBMTABUZiPBOPTmOPBOSPBATB    OP    STBTab.     See     SuifMraoa- 

FHORic  Ethers. 


ISO  A&COBOIto    See  ErHTLBifB,  Bydbxteb  or  (iL  577). 
FATXZOVXO  AOZD.     See  Sui^phub,  OxTQBN-ACiDa  OF. 
PBPIiOUrra.    A  mineral  from  Ramsberg  in  Sweden,  having  the  compoaition  of 
a  hydrous  dichroite  (ii.  320).     Specific  eravity  2*68  to  2*75.    Contains  46*95  per  cent 
silica,  30-51  alumina,  6*77  ferrous  oxide,  7*99  magnesia,  0*50  lime,  and  8*^  watcK 
(Carlsson,  Kongl  Vet.  Acad.  Forh.  1857,  p.  241.) 

PBPSXW.  (Schwann,  Miiller's Arch.  1836.— Wasm an n,  Dissert.  1839.  T^h" 
Phys.  Ch.  ii.  40.— Briicke,  Wien.  Acad.  Ber.  xliii.  601.— Schmidt,  Ann.  Ch. 
Pharm.  Ixi.  22.) — The  "  active  principle  "  or  digestive  "  ferment "  of  gastric  juice.  The 
name  was  first  used  by  Schwann.  He  precipitated  gastric  juice  or  add  uifbaion  of 
stomach  with  mercuric  chloride,  suspended  the  precipitate  in  water,  and  got  rid  of  the 
mercury  bv  sulphuretted  hydrogen.  The  liquid  thus  obtained  very  speedily  diMolved  or 
digested  albumen,  &c,  at  a  blood-heat ,-  and  Wasmann  ahowed  that  from  it  coold  be 
precipitated  by  alcohol  a  substance  which,  when  redissolved  in  dilute  adds,  exhibited 
the  same  digestive  ^wers,  and  to  which  the  name  of  pepsin  was  given.  Papain,  thus 
prepared,  was  from  its  reactions  judged  to  be  a  protein-bodv.  But  Kulder  obtained 
artifldal  digestive  fiuids,  free  from  proteic  reactions,  and  quite  recently  Brfieke  has 
been  able  to  prepare  pepsin  in  a  state  of  greater  purity.  An  infusion  of  the  ^m^^nW^ 
layer  of  the  stomach,  made  with  dilute  tnbasic  phosphoric  add,  is  filtend  and  neu- 
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tnJiJCHl  with  Ume-miier.  TV  btilky  proeipiute  of  calcic  pkoaphAtA,  whicb  eamt^ 
doirn  with  it  mcehiuiically  the  greatAr  part  of  th«  pepcin,  is  collected,  wjuihed,  preMed, 
and  trenied  with  dilute  hydrochloric  acid.  The  aolution  is  again  pre<^ipitat«d  by 
lime-water^  and  the  depoait  again  diflaolrod  in  dilute  acid.  To  tius  second  solution  ui 
gradqally  added,  by  meana  of  a  long  filter  reaching  down  to  the  bottom  of  the  Teaael, 
a  saturated  solation  of  eholBst«rin  in  a  mixture  of  1  part  ether  and  4  alcohol,  and  the 
whole  is  well  shaken.  The  cholesterio,  with  the  mechanieally  entangled  pepein,  iji 
eeparmted  by  filtration,  well  washed,  and  treated  with  ether.  The  ether,  holding  the 
choleaterin  io  solution,  is  then  poured  ol^  and  the  remaining  liquid  filtered.  Tho 
filtrate  which,  when  feebly  actdifled,  acta  rery  energetically  on  protein-bodira,  given 
00  preeipitate  with  mineral  acidity  tamkin,  or  meretme  ohloride,  and  only  a  turbidity 
with  the  acetates  of  lead.  It  gires  no  xantboproleie  reaetton,  and  is  not  coloured  by 
•olphime  acid  and  stigar,  or  by  strong  hydnxjilorio  add.  Pepsin  appears,  therefore, 
not  to  be  a  protein  bc^y ;  that  of  previous  writers  evidently  contained  other  fnibatanoea 
beside  the  actual ''  fenne&t "  itself. 

Pepsin  is  onlr  actite  in  a  dilute  acid  eolation.  It  is  apparently  more  active  in 
conjunction  with  hydrochloric  than  with  lactic  or  other  acids.  A  too  high  or  too  low 
degree  of  acidity  ii  ii\jnriouji,  O'OS — 0'2  per  cent  of  hydrochloric'  aind  being  about  the 
most  suitable.  Neutraliiuition  suspends,  without  destroying,  the  action  of  a  dilute 
acid  solution*    Strcmg  alkalis  seem,  however,  to  injure  pepoiD. 

The  temperature  l^t  suited  for  the  action  of  pepsin  is  that  of  the  body.  Aooording 
to  Brinton,  the  particular  degree  varies  with  the  individual  temperature  of  the 
aoimal,  the  {i^epfiin  of  fishes  being  inert  at  the  tempf^rsture  of  the  mammalian  body. 
In  g**ncral,  tempemtures  above  that  of  the  body  are  injurious  ;  those  below  retard  the 
action.     A  solution  of  pepsin  is  completely  deprived  of  ite  energy  by  boiling. 

Pepsin  appears  not  to  be  used  up  or  consumed  during  digestion ;  that  which  is 
poured  into  the  alimentary  canal  dnring  digestion  passes  out  in  part  by  the  urine  after 
It  hss  done  its  work,  and  may  be  recovered  from  that  fiuid.  Briicke  found  it  also 
in  fleah. 

The  modus  operandi  of  pepsin  is  unknown.  It  is  usually  called  a  *'  ferment,**  but 
some  other  name  seems  to  be  needed  to  distinguish  its  actioo  jfrom  such  a  process  aa 
vinous  fermentation.  The  theory  that  **  the  action  of  gastric  juice  is  a  transfer  to 
albumin,  8ll\,  of  a  molecular  change  goinff  on  in  the  gastric  juice,  pepsin  and  peptone 
being  essentially  analogous  to  each  other  m  properdes,"  is  distinctly  negatived  by  the 
facrt  of  pepsin  not  bein^  a  proteiu-compoand ;  and  we  may  infer,  firom  pepsin  not 
binng  usea  up  in  digestion,  and  from  its  possessing  in  itself  no  great  proneness  to 
change,  that  any  "  energy  "  which  is  concerned  in  peptonification  does  not  come  from 
the  pep#(in  itself. 

Pef}sin,  as  secreted  in  the  so-called  peptic  glands  of  the  stomach,  is  neutral ;  the 
secretiou  becomes  add  in  the  docts  of  the  gunda  (Brucke).  Schmidt  supposed 
that  pepsin  and  hydrochloric  add  unite  to  form  a  compound  add,  the  chloro-nydro^ 
pepsic  acid. 

Tbe  acliou  of  pepsin  is  hindered  by  the  preeenceof  peptones.  Hence,  when  portiona 
of  albumin,  &c.,  are  succeasively  added  to  a  given  quantity  of  solution  of  papain,  the 
process  of  digestion  is  at  last  arrested.  The  addition  of  treah  dilute  add  will,  nowever, 
renew  it. 

A  preparation  has  become  an  article  of  pharmacy  under  the  name  of  pepsin.  It  is 
obtained  by  drying  the  glandular  layer  of  pig's  or  oilfs  stomach  at  low  temperatures. 

M.  F. 

VM9TOWMS.  (Lehmanu,  Lehrb.  i.  318. — Briicke,  Wien.  Acad.  Ber.  ixxvii* 
13L— Meissner,  Zeitschr.  Rat.  Med.  vii.  1,  viii.  280,  x.  I,  xii.  46,  xiv.  78*  303.) 
— Deriv^atives  of  the  protein^bodies  arising  during  the  proc^iut  of  digestion;  albumi« 
nose  of  Mialhe.  A<XH)rding  to  Lehmann  and  Muldf-r,  the  peptones  are  white 
amorphous  bodiei^  insoluble  in  alcohol  but  readily  soluble  in  water,  the  solution 
reddening  litmus.  They  form  soluble  neutral  compounds  with  alkalioc  and  earthy 
buses.  The  feebly  acid  solutions  ar**  tiot  co^igulated  bv  Iwiling.  not  precipitated  by 
alcohul,  mineral  acids,  carbonate  of  ammonium,  sulphate  of  sodium,  meutral  acetati*  of 
lead,  or  ferrocyanide  of  pota^jum,  but  by  tannin  and  mercuric  chloride.  They  turn 
the  plane  of  pohiriaation  to  the  left,  and  give  Millun*?*  and  the  xanthoproteic  reaction. 

Me  issuer's  account  of  these  bodies  is  ah  follows.  When  the  opolescenl  fiuid 
resulting  i^m  the  digestion  of  coagulated  albumin  with  ppsin  und  hydrochloric  add  of 
01— 0'2  perct^nt  strength,  is  filtered  and  carefully  neulraUsed,  a  white  flaky  precipitate 
is  thro^nj  down,  which  may  be  separated  hy  filfrntion,  leaving  the  rest  of  the  liquid 
pprfoctly  clear.  The  acid  solutiouji  result  ing  from  the  digestion  of  casein,  musde- 
m*Te,  and  bloofl-fibrin,  give,  whrn  neutralised,  a  ffimilar  j>recipitate,  which  Meissner 
callfl  para  peptone.  Wheu  the  clear  neutral  fliud  rf^maining  aft*>r  the  separation  of 
the  psrapeptone  is  careftilly  acidified,  *o  rhiit  the  amount  of  free  acid  is  very  small,  a 


874  PER— PERCHLORATES. 

seoond  precipitate  is  formed,  whieh  also  may  be  removed  by  filtntiop,  and  to  wludi 
the  name  of  metapeptone  has  been  giTen(oiily  a  very  small  qusntitV  of  Una  bodj 
can  be  obtained  by  the  digestion  of  albumin).  The  filtrate  contains  the  peptone*. 
When  fibrin  or  casein  is  exposed  to  artificial  digestion,  the  whole  is  not  diasolTed, 
however  long  the  process  may  be  carried  on ;  a  flaky  precipitate  is  always  foimed, 
and  this  Meissner  calls  dyspeptone.  Besides  these  bodies  the  solutions  always 
contain  various  saline,  fatty,  and  extractive  bodies,  in  spite  of  the  most  careful  clearing 
of  the  original  protein-substances.  Meissner  describes  the  peptone  of  albumin  as  ^visa 
Lehmann  s  reactions,  but  states  that  the  peptone  of  musde-fibre  is  also  precipitated 
by  alcohol,  the  nitrates  of  mercury  and  silver,  feirocyanide  of  potassium,  and  basic 
acetate  of  lead.  He  further  believes  that  the  peptone  of  fibrin  is  a  mixture  of  three 
bodies; — a,  peptone  precipitated  by  concentrated  nitric  acid  and  by  ferrocyanide  of 
potassium  in  toe  presence  of  a  small  quantity  of  acetic  acid ;  b.  peptone  precipitated 
by  ferrocyanide  of  potassium  onl^  in  the  presence  of  much  acetic  acid,  and  not  at  all 
by  nitric  acid ;  c.  peptone  precipitated  by  neither. 

Parapeptone  (£rom  albumin)  is  insoluble  in  water,  but  very  soluble  in  dilate  adds 
and  alkalis,  from  its  solutions  in  which  it  may  be  precipitated  by  a  mixture  of  aleohol 
and  ether  (but  not  by  alcohol  alone),  also  by  tannic  acid,  basic  acetate  of  lead,  and  mefcu- 
ric  chloride.  From  its  acid  solutions,  it  is  precipitated  by  concentrated  solutions  of  the 
neutral  alkaline  salts,  and  from  its  acetic  acid  solution  by  ferrocyanide  of  potaasinm. 
It  gives  Millon's  reaction.  The  parapeptones  of  fibrin  and  musde-fibre  are  similar  to 
that  of  albumin.  That  of  casein  is  distinguished  by  the  precipitate  formed  by  neutral 
alkaline  salts,  being  soluble  in  excess  of  the  reagent.  Inasmuch  as  parapeptone 
appears  at  every  stage  of  the  (artificial)  digestion  of  protein-bodies,  increaaing  in 
amount  as  the  process  continues;  and  since  it  cannot  by  the  action  of  pepein  be 
converted  intopeptone,  Meissner  regards  it  as  a  distinct  final  product^  and  not  as  a 
mere  stage.  He  oelieves  that  pancreatic  juice  has  the  power,  which  gastric  juioe  has 
not,  of  converting  it  into  peptone.  The  bodies  he  has  (adled  meta-  and  dyspeptone  he 
considers  as  mere  temporary  modifications  of  peptone  and  parapeptone. 

Briicke,  on  the  other  hand,  asserts  that  parapeptone  is  easily  conrerted  into 
peptone,  is  not  in  any  sense  a  final  product,  and  consiaers  its  precipitation  from  the 
original  opalescent  fluid  by  a  neutral  salt  or  by  neutralisation,  to  be  a  mechanical 
rather  than  a  chemical  process.  Others  hold  parapeptone  to  be  identical  with  syntonin. 

The  peptones  cannot  be  produced  by  the  action  of  dilute  mineral  acide,  in  the 
absence  of  pepsin,  at  the  temperature  of  the  bod^,  but  the  change  may  be  biou^ 
about  by  prolonged  boiling  either  with  dilute  acids  or  with  dirtiUed  wnter.  Thib 
action  of  ozone  also  gives  rue  to  similar  products  (G  or  up -Besanez).  Thiry  gives 
the  elementary  composition  of  parapeptone  as  C  51-34,  H  7'25,  N  16*18,  8  2-12, 
0(  +  P)  23*11;  of  peptone  (obtained  by  prolonged  boiling  with  distilled  water) 
C  50-87,  H  7*03,  N  16  34,  8  1-64,  0(  +F)  2412,  that  of  the  albumin  used  for  the 
experiments  and  prepared  by  neutralising  a  solution  of  white  of  egg  in  dilute  hydro- 
chloric acid  of  0-2  per  cent,  strength,  being  C  51*37,  H  713,  N  1600,  S  212,  0( +  P) 
23*38. 

The  protein-bodies  from  the  vegetable  kingdom  are  in  a  similar  way  changed  by 
the  action  of  pepsin  into  peptones  (and  parapeptone).  Gelatin  appears  to  be  merelpr 
dissolved  by  the  acid  of  gastric  juice,  not  converted  into  peptones ;  chondzin  is  split 
up  into  a  peculiar  sugar  (cartilage-sugar)  and  a  nitrogenous  body  resembling  gelatin. 
(Meissner.)  H.  F. 


A  preflx  used,  for  the  most  part^  to  denote  that  the  compound  to  whieh  it 
belongs  is  the  highest  of  a  certain  series :  e.g.  perchloride  of  pho^)horiis  PCS*,  per- 
oside  of  mancanese  MnO'.  The  term  peroxide  was  formeriy  restricted  to  ozides  like 
MhO*  and  PbO',  which  give  up  a  certain  portion  of  their  oxygen  when  treated  with 
acids,  and  form  salts  corresponding  to  lower  oxides ;  but  this  use  of  the  word  is  now 
nearly  obsolete. 


ACZB.  BrHO^  ^Kammerer,  J.  pr.  Chem.  xe.  190;  BnlL 
JSoc  Chim.  1863,  i.  129.) — Obtained  by  the  action  of  bromine  on  perdilorie  acid.  On 
evaporating  the  liquid  over  the  water-bath,  perbromic  acid  remains  as  a  eoloorlesi  oil, 
which  is  not  decomposed  by  hydrochloric,  sulphurous  or  sulphydric  acid.  PerhrawuUe 
of  potassium  is  obtained  as  a  crystalline  precipitate  on  mixing  concentrated  eolutioiis 
ot  perbromic  add  and  caustic  potash  or  cmoride  of  potassium :  it  is  more  soluble  than 
perchlorate  of  potassium,  but  less  soluble  than  the  bromate. — The  barmm-^tdi  is  reiy 
soluble  in  boiling  water. — ^The  silver-salt  is  sparingly  soluble  in  cold,  much 
soluble  in  boiling  water,  and  crystallises  in  long  needles  on  cooling. 


»asc«ZiOmATBB.  MC10«  or  M'CIH)',  acoordinff  to  the  atomicity  of  the 
metal  The  general  characters  of  these  salts  have  been  already  described  (see  OBLomDOt 
OxTOF«v-Acn>s  OF,  i.  910). 
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PtrchUr^iU  of  Ammonium,  NH*C10\  (oTmn  tmn»p«Pcnt  rectimgiilAr  prisms 
firith  dih*Klml  iummiU ;  isomorphous  with  the  potjiMiam-«alt  (p»  376) ;  a  :  t  t  c  m 
0  7926  :  1  :  06 109,  Anglo  oeP  :  oaP  (macr,)  =*  "6^  41*;  ?«s  :  P  (baaal)  » 
77"^  65'  (Kopp).  It  i»  soluble  Id  6  pU.  water,  sumewhAl  soluble  siso  m  alcohol  The 
solution  when  eTapurntcd  giT«s  off  4unmi>Dla  and  bn»mic  acid.  It  la  solubU  in  exeesa 
of  perehlorie  sdd,  and  is  therefore  pnMupitated  bj  the  latter, 

Perehlorate  of  Barium^  Bs''Cl'0*,  obtsinsd  by  satamtiiig  th«  add  with  esustio 
baryta  or  hiirjiii;  carbonate,  or  hj  daoomposiiig  the  mic*salt  with  barjtii'water,  crystal^ 
liftea  10  long  dcliqueitcent  prtjimi,  easily  soluble  in  water  and  in  alcoboL  Paper  satu* 
rattni  with  the  aqaPou«  ^olutioa  buni!»  with  a  gret'n  flamei     (SeruUtts.) 

Perehlorate  of  Cadmium.  Cd''Cl-0»,  BeliqiiMeeiit^  but  crystallises  whsn  its 
tqnecrae  ■olution  is  eTiiporat«id  by  h»it.     {SernllasL) 

Ptrchlorate  of  CnUium,  Cft"Cl'0*.  Veiy  deUqnescent,  ciyst&lliafls  in  prisms 
soluble  in  alcohoL    (Sera Has.) 

Perehlorate  of  Copptr,  Cu'Cl'O*,  form  large  blue  dfliqaeiscent  crystals. 

Ba$ic    Perehlorate    of    CuprammoniutJ^,     (N'H*Cii7'CTO*,2(NH*)HD   « 

Cu"     yt^^^  obtained  by  dissolTing  cupno  carbonate  in  perchloric  acid,  sapenatnmting 

with  ammonia,  and  eorering  the  sotutioa  with  a  layer  of  alcohol,  forms  dark  blue  non- 
delique«coDt  cry»tal<i  whieh  crumble  to  a  green  powder  on  ejcposure  to  the  air.  The 
ooncsmtrated  aqoeous  eolntion  is  completely  deoompoaed  by  boiling  into  free  ammonia, 
peichlontAoif  ammontumf  and  black  oxide  of  eopper.  (Boseoe^  Ann,  Ch.  Fhana. 
OExi,  846.) 

PtrchloratfS  of  Iron, — The  ferrous  Bolt,  Fe*'Cl'0',  obtained  bv  precipitaLing 
feimoB  sulphate  with  perehlorate  of  barium,  forms  long  colourlesa  needles  which  mtiy 
be  exmed  to  the  air  for  some  time  wfrhont  decomposing,  but  uliimately  turn  veUow 
froTEL  formation  of  basic  salt  (Serai las).  By  dissolving  metallic  iron  in  dilute  hydro- 
chloric acid,  the  salt  ia  obtained  in  snudl,  ^eentsh*white^  yeiy  deliqaeseent  crystals^ 
containing  Fc''Cl'O".6H'0,  which  do  not  giro  off  their  water  eitJier  in  vacuo  orer 
oil  of  Titnol  or  at  100°,  but  decompose  at  higher  temperatures  (Boscoe).  The /errM 
•alt  is  not  known. 

Perehforatfs  of  Lrad. — Aeolniion  of  leBd-K>zide  in  aqueous  perchloric  acid 
yields  bj  spontaneous  evaporation,  a  mass  of  indistinct  spicnlar  crystals  of  the  neutral 
■alt  ^Pb"Cl'0*JH*0,  according  to  Koscoe),  easily  soluble  in  water»  and  huring  a 
sweetish  astringent  taste.  The  crystfils  do  not  give  off  their  water  in  vacuo  or  at  100*^ 
(Boscoe).  On  boiling  the  concentrated  solution  with  a  large  exceas  of  lead-carbonate, 
and  etaporating,  indistinct  lustreless  crystnU  are  obtained,  which  are  r^oWed  by 
wat«r  into  a  somble  and  an  insoluble  portion  j  and  the  solution  thus  obtained  yields  on 
evapomtion  a  bnmc  salt,  PbXl*0»  Pb''H«0*,  in  crystals  of  two  different  Ibnns,  one  of 
which  becomes  dull  when  taken  out  of  the  liquid^  while  the  other  remains  bright  and 
transparent,  (Marignae,  Btcherehes  sur  Its  formts  erystuUmes^  Ac,  Gen  Ave,  1836, 
p.  36.) 

Perehlorate  of  Ma nffanes e,  Mn**C&C^. — Deliquescent,  loluble  in  alcohol,  not 
ciystalljsable. 

Perehlorates  of  Mir  cur  ^, — The  mereurous  salt,  Hg*C10^SH»0  (Roscoe), 
cryatallises  in  smaU  concentric  needles  which  do  not  alter  on  exposure  to  the  air  at 
onlinary  temperatures  (SeruUaa),  and  do  not  give  off  their  water  m  vacuo  or  at  100^ 
(lloscoe)L  The  merewicsaltf  Hg"Cl»0,  ciystalUses  when  evaporated  by  heat,  in  colour- 
lew,  reetsjigalar,  Tcry  deliquescent  pri«ne,  which  dijw^lve  in  alcohol,  le&ying  a  white 
ifubstnnce  which  turns  n>d  during  filtration,  and  consists  mainly  of  mercuric  oxide< 
T)ie  liquid  filtered  from  this  precipitate  yields  on  CTaponttion  a  mixture  of  mereurous 
and  m  ercuric  oxide,    ( S  e  r  u  1 1  a  «. ) 

Perehlorate  of  Potaasium,  KCIO*, — Thia  salt  is  pnjduced  by  tie  docompoaftion 
of  the  chlorate:  1.  Clilopatc  of  potassium  is  kept  in  a  state  of  fusion  till  it  begins  t« 
assume  a  pasty  condirion,  or  til!  about  four  litre?:  of  oxygen  gas  haye  been  giren  off 
for  every  thirty  grammes  of  the  salt.  The  residue  then  consists  of  n  mixturt^  of  p<n> 
chlorate  and  chloride  of  potassium: 

2Kao»     -      Kao*    +    KCl    +    0*. 

If  it  still  conttiins  undecomposed  chlorate,  a  uample  treated  with  hydrochloric  acid  will 
exhibit  a  yellow  colour ;  in  this  case  the  heating  must  be  prolonged.  On  disaolving 
the  residual  saline  mass  in  the  smallest  poaaibie  quantity  of  boilin|f  water,  and  leiiviog 
the  solution  to  cool,  p^rchlorute  of  potassiom  separates  in  small  shining  cry^Tnls  whi^^U 
may  be  freed  from  chloride  by  recrystallisation, 
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2.  Chlorate  of  poUMsiom  is  fused  at  a  gentle  heat,  then  introdooed  in  aa  large  piaeea 
as  poosible  into  a  retort,  and  covered  with  three  and  a-half  to  fonr  timea  its  Y^ft^  ^ 
strong  sulphnric  acid.  The  previous  fiision  of  the  salt  is  neecssaiy,  to  diinimm  the 
noml^r  of  points  of  contact  with  the  acid,  and  thns  to  moderate  the  action,  which  mifjbt 
otherwise  become  so  rapid  as  to  cause  a  dangerous  explosion.  As  soon  as  the  mas 
has  ceased  to  give  off  a  yellow  gas,  the  retort  must  be  plunged  into  water  heated  not 
above  60°,  and  to  such  a  depth  as  to  warm  only  the  saline  mixture,  not  the  gaa  above 
it.  The  saline  mass  becomes  colouriess  after  a  while,  and  then  consists  of  a  miztnre  of 
acid  sulphate  and  perehlorate  of  potassium,  the  latter  of  which  may  bo  aystalliaed  from 
boiling  water  and  purified  by  recrystallisation  as  before. 

3.  Perehlorate  of  potassium  may  also  be  obtained  by  heating  the  chlorate  with  strong 
nitric  add  (Penny,  J.  pr.  Chem.  xxiii.  296). — 4.  By  electrolysis  of  the  chlorate  (8ta- 
dion). 

Perohlorate  of  potanium  crystallises  in  limpid  right  rhombic  prisms,  ooP  .  Poo ,  the 
latter  often  predominant ;  also  with  oP  and  other  faces.  Ratio  of  axes  a  :  b:  e  m 
0*7817  :  1  :  0*6408.  Angle  ooP  :  ooP  in  the  macrodiogooid  principal  section  a  76^3*, 
Poo  :  ^00  (basal)  »  78^  41'  (Kopp).  The  crystals  are  anhydroos  but  contain  a  little 
decrepitation-water.  The  salt  has  a  slight  taste  like  that  of  the  chloride,  diaaolvee  in 
66  pts.  water  at  16®,  in  a  much  smaller  Quantity  of  boiling  water,  and  is  inaolaUe  or 
very  sparingly  soluble  in  alcohol  (Serullas).  According  toBoscoe,itisaa  eolnhle 
in  absolute  alcohol  as  carbonate  of  barium  in  water,  but  m  alcohol  containing  a  email 
quantity  of  acetate  of  potassium  it  is  absolnteljr  insoluble.  When  heated  above  400® 
it  is  resolved  into  oxygen  and  chloride  of  potassium.  It  deflagrates  slightly  on  red-hot 
coals.  In  consequence  of  the  sparingly  solubility  of  this  salt  m  water,  perchloric  acid 
forms  a  precipitate  in  the  solutions  of  nearly  all  potassium-salts,  even  of  alom  and 
tartar-emetic. 

Perehlorate  of  Silver^  AgClO^  does  not  crystallise,  but  forms  a  white  powder 
whidi  deliquesces  in  the  air  and  is  soluble  in  alcohol  The  aqueous  eolution  tnms 
brown  in  sunshine.  The  dry  salt  may  be  fused  without  much  decomposition,  and  ealid- 
ifles  in  the  crystalline  form  on  cooling ;  but  at  a  higher  temperature  it  eoddenly  gives 
off  oxygen,  and  leaves  chloride  of  silver.    (Serullas.) 

Perehlorate  of  Sodium,  NaC10\  may  be  prepared  by  direct  combination,  or  by 
heating  the  chlorate  with  strong  nitric  add.  It  is  deliquescent^  soluble  in  alcohol,  and 
separates  from  the  solution  in  transparent  lamina  (Serullas) ;  ihombohedvons 
(Penny). 

Perehlorate  of  Zinc,  Zn"ClK)',  crystallises  by  evaporation  in  tufts  of  deliqneMsot 
needles,  soluble  in  alcohol. 

9mmOWaLOWUa  wrrnmau  CmKilO*.  Ethylic  Perehlorate.  F^rcUaraU  of 
Ethyl,  (Clark,  Hare  and  Boyle,  Phil.  Mag.  [3]  xix.  370.— Ro^coe,  Chem.  Soe.  J. 
zv.  213.) — This  compound  is  best  prepared  by  distilling  a  mixture  of  ethyl-Bnl|diate 
and  perehlorate  of  barium.  An  alcoholic  solution  of  perchlorate  of  silver  treated  with 
ethylic  iodide,  even  at  — 10°,  yields  merely  perchloric  acid  and  ethylic  osdde^  and  on 
bringing  perchloric  acid  in  contact  with  alcohol  or  ether,  a  violent  explosion  generally 
takes  place.  1  at  perehlorate  of  barium  is  rubbed  to  a  fine  powder  with  1  at.  ciyital- 
lised  ethyl-sulphate  of  barium ;  and  a  small  quantitv  of  the  mixture,  not  exceeding  80 
grains  (on  account  of  the  danger  of  explosion),  is  introduced  into  a  small  retort  con- 
nected with  a  tube-shaped  receiver  surrounded  with  ice  and  heated  in  an  oil-hath 
provided  with  a  thermometer,  by  means  of  an  Argand  lamp,  which  can  be  qnicUy 
removed.  A  wooden  screen  with  holes  filled  up  with  plates  of  glaas  must  be  pleesd 
for  protection  between  the  operator  and  the  retort.  Ko  action  takes  place  tul  the 
temperature  rises  to  100^,  and  so  longas  the  water  (of  crystallisation)  has  not  passed 
over,  there  is  no  fear  of  explosion.  But  above  100°,  the  heat  must  be  very  sk>wly 
raised  to  171°,  at  which  temperature  the  distiUation  comes  to  an  end : 

C^»«Ba"SK)«  +  Ba^aW     «     2Ba''S0*  +   2C*H«aO«. 

With  perehlorate  of  potassium  the  operation  does  not  succeed ;  neither  can  the  ether 
be  obtained  by  the  use  of  ethyl-sulphuric  acid  instead  of  the  barium-salt. 

The  perchloric  ether  collects  in  the  receiver,  covered  with  a  layer  of  water.  The 
water  is  removed,  without  taking  the  receiver  in  the  hand,  which  might  cause  an  ex- 
'  plosion — by  means  of  a  strip  of  paper  moistened  at  the  end.  To  preserve  the  per- 
chloric ether  without  danser,  it  mav  be  mixed  with  absolute  alcohol ;  for  a  mixture  of 
1  to  2  parts  absolute  alcohol  with  the  perchloric  ether  obtained  from  1  pt  ethyl-sul- 
phate of  barium  docs  not  explode.  The  pure  ether  may  be  again  separated  fh>m  this 
mixture  by  the  addition  of  an  equal  bulk  of  water  ;  the  separation  is  however  always 
attended  with  loss,  because  the  water  exerts  a  decomposing  action  on  the  ether.  AH 
manipulations  with  this  compound  should  be  performea  with  gloves  on  tlie  hand,  and  a 
mask  with  thick  eye-gl^Bsesbefore  the  fiw^e.    (Hare  and  Boyle.) 
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Boieo«  diitili  in  mtimftte  iiiijictur«  of  equal  w«ight«  (10  pprnii.)  of  the  two  ba)u  in 
A  wmaH  r«tort  heAt«d  in  ui  oiUbAth.  the  netk  oi  the  retort  being  bent  dow-nwardi,  luid 
pftning  into  a  tett-tabe  containing  a  imAll  quantitj  of  WAt«r.  Abont  2  cub.  cent,  of  an 
oiljr  Liqmd  heaTier  than  WAter  then  |amm  owtr  befw«en  140^  and  IGO*^,  and  at  170^ 
white  fuRiea  <]f  perchloric  add  aie  giTca  off  Th«  otljdiadllAte  is  porified  bj  rv'peated 
washing  with  wiLt£r. 

Petvnlorie  «*ther  is  a  tninffpat^at  and  colourlesa  Hqnid,  h«?avi«r  than  wuter,  of  ag^vH^ 
able  odour,  aod  nwei^t^  aftttrwaTds  bitt«r,  dnnamoD-liko  taste,  innolnble  In  wat4?r,  Aolublo 
in  tthex.  At  lOtf^  it  either  explodes  or  swi^lls  ap.  It  ift  the  mont  riolently  exploeim 
of  all  known  compounds^  the  explosion  being  iadniied  bj  be&t^  Action,  perciuHion,  and 
uftrti  iiikiog  pliu^e  vithout  auj  extprnal  cauae.  When  dry  it  explodes  on  being  merely 
pnttri'*!  from  one  ve^iu  I  to  another.  The  leaat  drop  expl(x]ed  on  an  open  porcelain  basin 
crumMt^  it  to  powdur  If  the  above-mentioned  mixture  of  perchloric  ether  with 
alcohol  be  poured  into  a  basin  containing  an  equal  quantity  of  water,  the  greater  part 
of  the  hjfdrated  alcohol  poured  off  from  Uie  drop  of  perchloric  ether  which  falls  to  iho 
boittooi,  and  the  remaining  liquid  thrown  on  a  wet  filter  Hupport-t^d  by  a  wir*  funnel^ 
H>  tbif  tli«  watery  liquid  may  run  off,  the  drop  of  perchloric  ether  which  remains  on 
ih<'  tliU'f  muy  be  exploded  by  contact  with  a  hot  bodj  or  by  the  blow  of  a  hammer 
Its  84>lutioD  in  n  sufficient  quAOtity  of  alcohol,  howerer,  bums  away  completely,  when 
set  on  fire,  without  the  least  explosion.     (Bare  nod  Boyle.) 

Perchloric  ether  do«s  not  dr^compose  when  kept  uutler  water;  but  undeTgoea  partial 
dfcompo«ifign  when  sopanited  by  water  tnum  itn  alcoholic  ifotuti^iu. — Aleoliolie  potash 
wdded  to  the  mixture  of  perchloric  ether  and  alcoh»'l  instaiitly  ppodnc^a  compMe 
lireonipofiition  ot'  tbe  ether,  and  throws  down  a  larg«r  quantity  of  putaatie  per- 
chlorntf. 
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Sea     pLATi>-tii,  CjAJtWES    or   (ii. 


icK^omoqirnrovM. 


See  QuDTOKB. 

See  KrufAN^, 


P£mCBX.OmOXTirA.FHTBAXXG  AOZB. 

3is; 


See    OxYitaPHTiiAOC    AoiD   (p. 


A  mineral,  cryitalliaed  in  culen,  fwni  Sonora  in  Mexico,  con- 
taining According  to  Percy,  chlorine,  lead  and  copper,  in  t))e  proportion  (f  84  :  2'16  : 

0  77,  whencf*  he  regards  it  as  Pb^Cl'O.Ct^Cl'O.U^O.     (Phil.  Mag.  [3]  sxsTi.l31» 
Jahresb,  IHjO,  p.  763.) 

nkJBZliXVa.  An  alkaloid  occnrriuf;  In  the  l>ark  of  Plao  Perdim  {Vaifmn 
ifudita)^  an  apocTaneeoos  free  growing  in  tlu<  Bm/^ilinn  forL>»t9:  it  poiicti^  febrifu- 
^  ppoprtitt.  (Goos,  Pharm.  Ccntr.  1839,  p.  6IO.~Perotti,  Annili medie.  chiruiTg, 
ill  Kumn,  i,  faseic,  3.) 

FSRIC&A^M.  Magneaia  with  6  to  8 '5  per  cent  ferrona  oxide^  occurring  in  <mb(<8 
on  M(jnt#»  Summa,  disseminated  through  ej^'cted  maascs  of  a  white  lime-stone,  and  in 
npiAa  of  elustcrt^^  crystjils^  sometimes  with  white  olivine  and  earthy  magneaite, 
(Dsmnur,  Ann.  Min.  [3]  iv.  881.— Scacchi,  J,  pr.  Chem.  xxriii.  486.) 

jpSSlC^nr.    S}D.  with  Autrrs  (see  FaLSPaii,  ii  $21). 

F^ISQTX*     %n.  with  QLxrm  t|i.  201). 

PSRZMO&FBOirs  CVTST&&S.  Cry sf  ills  conitisting  of  an  envelope  of  ono 
mincrid  with  a  niiHeti*«  of  iinothcr,  tlie  ("sfernitl  form  ot  the  crystal  l>eing  that  of  the 
I'nvrlop**;  for  pxnmple  ut  Arendiil  crjstalsare  found  having  the  form  of  gameta  and  An 
riK  riml  (envelope  of  that  mineral,wbile  the  interior  conaiats  of  caleipar  (Jahreab.  1868, 
p   740;    1861.  p.   965). 

7KllX0l»lc  ACZB.    Bve  loncTK,  OxTosjf-aoms  of  (iii  307). 
FKKIfl're&XTB.     Aibite  from  Perth,  Lower  Canada  («ee  Fei^pae,  ii.  622). 
FaSlilTlL     Syn,  wiib  PiuttL9TojrB  (p.  358). 

pT.MMKAHr^'XT  'VTBZTS.     Sulphate  of  barium,  used  aa  A  WAter-cdonr  pigment, 
^mmVLAXGtJUSATMS,     See  Makga^xic  Acids  (iii.  819). 

^SKOFSXZTS  or  PSRO^XTB&ZTS*  Titnnafo  of  ciilcium,  m'curring  in  cuh(*4 
and  othtr  muuumi?tne  lunna  at  AcUmiiioa.Hk  nrar  Siiitougt  b  tho  Ural  (iee  TrrAJlATEfi), 

PWAO-WBrnim-    See  TaiFilTLtK* 
rSROXIBCS.     See  OxTOCX  (pp.  304,  309). 
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d7S      PEESPIBATION— PERSULPHOCYANIC  ACID. 


VaBB89ZXa.TIOW.  (F a V r e,  Compt  rend.  zzxr.  721.— Schottin,  Axeh.  Phjc 
Hlk.  xi.  73.— Funk e,  Molesch.  Untersuch.  iv.  36.— Lehmann,  Lehrb.  ii.  326.) — 
Mitterial  paseing  away  from  the  bod^  by  way  of  the  skin.  Accordipg  to  Sequin,  the 
iKxly  loees  by  skin  and  lungs  18  grams  per  minute,  of  which  11  gFBiuB  pees  off  hj  the 
skin  and  7  grains  by  the  lungs.  A  large  portion  leaves  the  body  in  a  Btate  of  gH^  or 
vapour,  constituting  what  is  called  the  "insensible"  perspiration.  This  conciili 
mainly  of  watery  vapour,  the  amount  of  which  varies  within  wide  limits  aococding  to 
the  temperature  ana  moisture  of  the  atmosphere,  the  quantity  and  duumcter  of  the 
food  ana  drink  taken,  the  condition  of  the  body,  whether  at  rest  or  at  woA^  &e.  It  is 
in  fact  this  evaporation  which  regulates  the  temperature  of  the  body.  Besides  waterr 
vapour, "insensible  "  perspiration  contains  carbomc  acid,  nitrogen  (?)(8e6  RBSPnukTiotiX 
and  small  quantities  of  volatile  and  odoriferous  matters. 

That  which  remains  on  the  surface  of  the  body  as  a  liquid  is  called  the  **  sensibls'' 
perspiration  or  sweat.  It  is  said  to  be  secreted  by  the  sudoriparous  glands  of  the 
skm,  and  also,  accordins  to  some  authors,  by  the  portions  of  skin  between  those  glands. 
Over  most  parts  of  the  body  sweat  is  mixed  with  a  fatty  secretion  deriyed  from  the  so- 
called  sebaceous  glands. 

This  sebaceous  secretion,  which  when  gathered  in  masses  forms  the  vemijp  easeom  and 
smegma  prmputii,  consists  principaUy  of  fatty  bodies^  palmitin,  olein,  with  their  Boaps 
and  cliolcsterin,  a  protein  body  resemblinff  casein,  extiactiveB»  and  salts^  lis.  cfahxide 
of  sodiimi,  with  earthy  and  alkaline  phosphates. 

Sweat,  when  obtained  in  a  tolerably  pure  state,  is  a  dear  colourless  fluid  with  po 
morphological  constituents  beyond  epidermic  scales.  When  f^h,  its  reaction  is  add, 
of  variable  intensity;  but  according  to  Fa v re,  during  a  prolonged  and  copioos  sweat» 
the  reaction,  at  first  acid,  becomes  after  a  while  neutral,  and  at  last  alklaline.  The 
odour  of  sweat,  oA^^n  very  marked,  varies  with  the  situation  whence  it  has  been  ob- 
tained. The  amount  of  solid  constituents  varies  exceedingly  ;  in  general  it  is  in  in- 
verse rtitio  to  the  rapidity  of  secretion,  up  to  a  certain  limit,  beyond  which  it  remains 
constant.  Funke  gives  1*18  per  cent,  as  an  average,  0962  per  cent,  being  the  mean 
fur  tlio  organic,  0*329  per  cent,  for  the  inorganic  substances.  The  total  amouat  of  sweat 
varies  extremely. 

As  normal  constituents  of  sweat  may  be  mentioned — 1.  Various  adds:  mainly 
formic,  with  butyric  and  acetic,  and  possibly  propionic,  caproic  and  d^nylic.  The 
existence  of  lactic  acid  (Berzelius)  has  been  denied  by  later  obserrers. — 2.  Neutral 
flits,  which,  since  they  have  been  found  in  parts,  such  as  the  palm  of  the  hand,  destitate 
of  sebaceous  glands,  must  be  reckoned  as  true  elements  of  sweat :  cholesterin,  p^linitjn^ 
olein,  stearin. — 3.  Nitrogenous  bodies:  the  siidoric  or  hydrotic  add  of  Favre,  urea 
(leucine,  tyrosine?).  Most  observers  have  failed  to  find  the  former;  the  latter  has  been 
determined  by  Funke,  who  found  as  much  as  0*112  and  0*199  per  cent,  in  a  total  dry 
residue  of  0*696  and  0*790  per  cent.  Other  inquirers  also  have  detected  urea  in  sweat 
(according  to  Meissner,  the  amount  of  it  varies  with  the  nature  of  food  takenX 
and  yet  Kanke  failed  to  find  it  (see  Nutrition,  p.  162). — 4.  Salts:  chiefly  chloride 
of  sodium,  with  chloride  of  potassium,  alkaline  and  eaithy  phosphates^  alkaline  sul- 
phates, and  a  trace  of  iron.  According  to  Sc  hot  tin,  there  is  also  a  colouring  matter. 
The  amount  of  epithelium  is  0*42  per  cent.  (Schottin),  or  0*206 — 0*233  (Funke). 

The  following  substances  are  said  to  have  been  observed  at  various  times  as  abnor- 
mal constituents  of  sweat :  Albumin,  urea  (in  large  quantities  in  cholera),  nric  add, 
oxalate  of  calcium,  lactic  acid,  sugar,  bile-pigments,  indigo  in  blue  sweat,  black  colour- 
ing matter  in  black  sweat,  and  blood  in  "bloody  sweat."  Benzoic  (partly  as hippnzie)^ 
fiuccinic  and  tartaric  acids,  iodine  and  iodide  of  potassium,  have  when  taken  internally 
been  detected  in  the  perspiration.  M.  F. 


PZROT&ZO  ACZB.    Syn.  with  Salictuo  Acid. 
BVXiPRZBBS,    A»nX-BZ8inLFKOCASBOVlC    and 
8UXJPBOCASBOV1C.     See  Sulphocabbonic  Ethers. 


BVXiPKOCTAVZC  ACZB.  C«H«N«S*  =  Cy«H«S*.  Penulphocuankydric 
or  Hydroprrstt/phocf/amc  acid,  Sulphuretted  Hydroaulphocyanie  acid,  Hydroxantkk 
acid.  (Wohler,  Gilb.  Ann.lxix.  271.— Woskresensky,  Traits  de  Chimis  orgmtiaue 
par  Liebig,  i.  192.— Liebig,  Ann.  Ch.  Pharm.,  xliii.  96.— Volckel,  Pogg.  Ann.miL 
138 ;  bti.  149  ;  Ixii.  160 ;— Ann.  Ch.  Pharm.  Ixxxix.  127.)— This  body  was  discoveitd 
in  1821  by  Wohler,  but  was  confounded  for  some  time  with  persulphooyanogen ;  till 
the  distinction  between  the  two  was  pointed  out  by  Woskresensky  and  by 
Volckel. 

It  is  produced  by  the  metamorphosis  of  sulphocyanic  acid,  CyHS,  under  the 
influence  of  mineral  acids ;  also,  under  certain  circumstances,  by  the  spontaneous  decom- 
position of  sulphocyauales : 
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a79 


Cy«H*9» 


aCyHS        -        CyH 
8ul|ilm«Ble  Bfdnepml 

li  ti  pc^fMu«d : — K  By  mixitig  a  cxjld  Biitttnited  itntiorma  HntntiAn  uf  vulpfao^aiuite 
of  potuffium  with  fkim  6  to  8  tiTnf«  it«  bulk  offtr  icid.     Tho  miztUN 

ftt  ftnt  eoAfolfitej  into  a  whit«  frtlutinoas  id  ng^nrn.  u  wr  in  n  frw  imtlllt«fii, 

gives  affemoiue  Mihjdndc  und  hydiocjanii!  uoid,  atu^r  liii*  U^>  of  ah  hour,  and  is 
eoDTf  rtMl  into  a  maM  ronfii«ling  of  a  liquid  and  oecdlcs  of  p^riulpbocyimic  acid*  The 
nrodh^,  if  CQUe«t«d  after  24  hotira  ana  waahcd  mth  cold  water,  cooititute  tbti  para 
acid  (Vi>Ickel).  Th«  drcompoaitioo  takei  place  jiutt  aa  wiJl  witii  ft  dilute  aoltitiioii 
of  PulpUocyHnaie  of  potai^itim  ;  bat  the  aepaiurioii  of  the  needlea  is  slower, — Another 
m^thnd  is  io  saturute  a  M>lt]tion  of  jiulpbocyatiate  of  potaMium  in  5  parts  of  wat«r» 
keeping  it  cqM,  with  hydrochloric  mnd  gaa:  the  pcrwulphoeyanic  acid  then  sopanttea 
mf\rT  a  whilt*,  on  coolings  in  the  form  of  a  yellow  powder.  If,  howerer,  the  liquid  hf^ 
ftLfTered  to  get  warm  from  the  absorption  of  the  hydrochloric  add,  part  of  the  se|]ant4?d 
Bulphoc^anic  acid  vulatili»es  undccoropoaed ;  the  raixtitre  likewise  gives  off  carbonic 
Aahydndc  after  a  whiles  gomptimes  also  sulphuretted  bydroeea  and  sulphide  of  carbon ; 
and  there  are  formed  in  it»  hydrocyanic  acid,  formic  acid,  and  ammouiu,  by  which 
products  the  yield  of  persutpnooyjLnic  acid  is  diminished,  the  amount  of  diminution 
being  greater  as  the  solution  of  sulphocyanide  of  potaiifium  is  more  dilute,  &nd  ita 
temprrikture  rises  higher  (Volckel). — 2.  Bypassing  dry  hydrochloric  acid  gaa  oyer 
molted  Bulphocyanate  ot  potas»ium  oontained  in  a  tubuhtted  retort,  whereupon  bolphide 
of  carl)on  and  hvdrocyanic  acid  are  eroked,  and  perhulphocyanic  acid  anblimea.  Tha 
lattor  is  purified  bv  diasolying  it  in  boiling  alcohol^  from  which  it  separatee  out  again 
OR  cooling.     (L i eb i  ^.) 

Penmlphocyanie  acid  thus  obtained  ic  a  pale  yellow  crystalline  powder,  tasteleta 
and  inodorous,  nearly  insoluble  ineold  water,  aparingty  soluble  in  boiling  water,  whenoe 
it  separdteia  in  splea did  yellow  needlea  on  cooling;  soluble  also  in  alcohol  and  in  Hhtr. 
The  solutions  have  a  slight  add  reaction,  and  form  precipitstee  with  the  salts  of  tsany 
of  the  beairy  metale. 

Persulphocnranic  acid  deoompoeei  at  about  200*^,  gi^ng  off  chiefly  sulphide  of 
earbon,  and  finally  ammonia  and  etilphur;  if  the  heat  has  been  rather  strong,  the 
xvaidne  consists  of  hydromellone  (iii.  874) ;  if  it  has  been  lower,  the  Te*,idae  reactt^  like 
a  mixture  of  sulphttr  and  melam.  According  to  Gerhardt's  formula  of  melam  and 
hydromellone  (iii,  866,  $74)  the  decomposition  may  be  reprcfented  by  the  e<iUAtionfl : 

8CWH'8»       -       aCS«     i-      S*     +     C*N-H* 

Periulphi^antc  MaUin* 

ackd. 

and  2C^«H*       -       3NH«     +     C«N*H« 

MelacD.  M|droiBcllQiML 

or,  according  to  Lie  big' s  formulsi  {liic,  ci/.)  ; 

eCN'H'S'       ^       6CS»     +     8*     -1^     NH«     +     C»N'*H' 

•rkt> 

Od  ON»»H»       -       2NH»     ^     C*N»H« 

M<lAin«  HjdrotDelJoa«. 

Small  qtiantitieji  of  sulphydric  and  sidphocy&nic  acid  are  likewise  found  among  the 
products, 

Tok'kel,  by  heating  persulphocyanic  acid  to  Tarioua  temperatures,  obtained  a 
number  of  brown  or  yeUow  amorphous  residue*,  of  varying  composition,  which  be 
regarded  as  »iulphi(lo8  of  peculiar  radicles  {jnttktnf^  nuUne^  santkent,  &<^);  but  they 
were  probably  nothing  but  mixtures. 

Persulphocynnic  acid  is  but  stigbtJy  attack<*d  by  h^rochioric  acid  at  common 
temperatures ;  at  the  boiling  heat,  bowo%er,  it  is  ptirtly  resolved  into  carbonic  anhydride, 
ttmmonia,  malphydrie  acid,  and  sulphur: 

C^N^H-S"  +  \W0  =  2C0»  ^  2NH»  +  2H'S  ^  a 
Nitric  acid,  cppt^ciiiHy  when  hot,  cottTerts  it  into  carbonic  anhydride,  sniphnrie  acid^ 
and  ammoniii.  IL  dissolves,  without  altemtion,  in  cold  strong  tidnkurk  acid,  and  is 
repncjpiJiited  by  wuler  ;  but  on  boiling  the  solution  sulphnrou*  aiiliydride  is  evoUed: 
^Chlnrifie  decomposes  i»<'rsiiJphocyanic  acid,  e*ipeciiilly  with  aid  of  heat,  forming 
oliloriile  of  sulphur,  chloride  of  cyanogen^  hydrochloric  add,  and  a  brown-red  body  in- 
Boluble  in  water.— By  cnmrtic  alk(tlis  it  is  ^adually  converted  into  sulphocyanate  and 
free  sulphur:  Cy"H»S»  ^  2CyHS  +  a 

Persulphocyanatcs. — The  solutions  of  perstilphocyanic  acid  in  aqueous  alkalis 
may   be    regarded,    when   recently  pre^Mired,  as   pensulphoeyannle?,  though,   as  ju*it 

erfed  into  w  '  *  "' 


uberrved,  Ihey  art:  gradually  convcri 


sulphocyanatee.     Tlie^c  solutions^  as  well 
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aa  the  aqueous  acid,  form  yellow  precipitates  with  stanmnu  dUaride,  euprio 

and  nitrate  of  lead :  with  nitrate  of  vilver  a  yellow  pneipitata  which  qniddy 

poees,  with  formation  of  sulphide  of  silver ;  and  with  plaiinie  chloride  a  favowniBh-TBQow 

precipitate.    The  salts  of  the  other  heavy  metals  are  not  precipitated  bj  aolnbu  par- 

sulphocyanates. 

Persuiphocyanate  of  Lead,  Cy'Pb*S'.— Obtained  by  peeipitatiDg  a  boiUiig  aqmeoas 
solution  of  the  acid  with  neutral  acetate  of  lead ;  reeembles  chromate  of  lead  in  eoctennl 
chamcters,  and  is  perfectly  insoluble  in  water,  alcohol,  and  dilute  acids. — ^Wifth  bath 
acetate  of  lead,  a  precipitate  is  formed  containing  Cy*Fb"S'.Pb''0. 

FBmsU&PSOOTAJrOOSV.  CyPHS*  B  C/HS"?  PeeudoButphoewmmn^ 
Sulphide  of  Cyanogen,  CyanoxiMtdfide,  (Wohler,  Gilb.  Ann.  box.  271. — ^LiebijR|; 
Ann.  Ch.  Pharm.  x.  1 ;  xL  12;  xxt.  4;  xxxix.  199,  201,  212;  L  887. — ^Parnel^ 
Rev.  scient  t.  149.— Volckel,  Ann.  Ch.  Pharm.  xliii  80 ;  Ixxxix.  127  ;  PQgg.  Aim. 
Iriii.  145;  Ixii  607.— Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [8]  xix.  98. — 
Jamieson,  Ann.  Ch.  Pharm.  lix.  339. — Gm.  viii.  108. — Gerh.  L  447. — A  companudi 
produced  by  the  action  of  chlorine  or  boiling  dilute  nitric  acid  on  aqueous  sulphoefaiiaie 
of  potassium.  It  is  an  orange-yellow  precipitate,  insoluble  in  wUer,  tdeohol^  ana  Mar, 
fioluble  in  strong  stUphuric  acid,  whence  it  is  precipitated  by  water  without  altcntioii. 
It  was  formerly  regarded  as  Bulphocyanogtn  CKS,  the  radicle  of  the  sulphocjanates ; 
but  its  constitution  is  really  more  complex.  The  analyses  made  of  it  bj  diiftfedt 
chemists  also  di£fer  considerably,  as  will  oe  seen  by  the  following  table  :— 

vsickel. 


Ll«big. 

Parnell. 

earlier. 

later. 

JuDleMD. : 

Lanr.ftGcf 

Carbon 

2006 

19-93 

20-20  20-31 

19-17 

90-46 

Nitrogen    . 

.     .          .     . 

23-23 

2331 

.     .       .     . 

22-8« 

Sulphur     . 
Hydrogen  . 

66-84  to  6616 

62*69 

62-68 

64-26     .     . 

60-88 

58-90 

0-33  to    0-96 

0-92 

1-08 

0-90     0-91 

1-58 

0-06 

Oxygen 

3-20 

800 
100-00 

6-01 

10000 

100-00 

All  these  analyses  were  made  with  persulphocyanogen  obtained  b^  the  aetioD  of 
chlorine  on  aqueous  sulphocyanate  of  potassium. — Lie  hie  dried  it  in  raeiio  befon 
nnalysing  it. — Parnell  dried  it  partly  over  the  water-bath,  partly  at  242^,  at  which 
latter  temperature  a'sliffht  odour  of  cyanogen  was  apparent. — Volckel  does  not  state 
the  temperature  at  which  his  substance  was  dried.— Jamieson  boiled  the  precipitate 
with  water  as  long  as  anything  was  dissolved  out,  and  examined  the  pure  yellow 
powder  which  remained.  During  this  boiling,  the  odour  of  cyanogen  was  perceptible, 
and  the  water  dissolved  snlphocyanic  acid,  together  with  a  small  quantity  of  another 
sulphur-compound.  As  the  preparation  might  have  been  decomposed  during  this  long 
boiling,  and  moreover  it  is  not  stated  how  the  substance  was  dried  before  analjbis,  the 
analytical  results  are  not  much  to  be  trusted,  especially  as  the  amoont  of  oxygen 
comes  out  too  great  This  amount  of  oxygen  is  regarded  by  Liebig  (Ann.  Ch.  Pharm. 
1.  337)  as  very  problematical,  iniixmuch  as,  in  the  cby  distillation  of  pseudoeulphocyano- 
gen,  no  oxygenised  product  is  obtained,  except  water. — Laurent  and  Gerhardt  dried 
the  portion  of  the  precipitate  which  appeared  under  the  microscope  to  be  perfectly  free 
from  cnrst«la  (probably  of  peraulphocyanic  acid)  for  a  long  time,  and  at  high  tempera- 
ture. Their  analysis,  which  agrees  very  nearly  with  the  more  recent  analyses  by 
Volckel,  leads  to  the  formula  C 'N*HS*  (calc.  2067  C,  2400  N,  6486  S,  and  0-57  HX 
according  to  which  persulphocyanogen  is  formed  from  persulphocyanic  acid  by  substi- 
tution of  1  at  cyanogen  for  1  at  hvdrogen. 

Persulphocyanogen  when  heated  gives  off  sulphide  of  carbon  and  free  anlphur, 
leaving  a  residue  of  hydromellone : 

3C^*HS»       «       3CS«     +     S»     +     C«N»H». 

If  moisture  is  present,  ammoniacal  products  are  also  given  off  at  the  commencement  of 
the  decomposition.  Chlorine  acts  on  persulphocyanogen  only  at  high  temperatores^ 
forming  solid  chloride  of  cyanogen,  chloride  of  sulphur,  and  a  residue  of  hTdromdlone. 
Persulphocyanogen  dissolves  easily  in  a  solution  of  sulphydrate  of  potassium,  yielding 
sulphocyanate  and  sulphomellonide  of  potassium,  together  with  other  products : 


2Cy*HS»   +    3KHS  +    2H'0 


2CyKS 

Sulphu- 
cjrai)at(>. 


Cy»H«KNS» 
Sulphomel- 
lonide. 


+    3H»S  +    C0«   +  8«. 


Persulphocyanogen  dissolves  slightly  in  ammonia  (Wohler);  abundantly  (Liebig). 
VThen  boiled  with  potash,  it  forms  a  solution  which  gives  with  ferric  salts  the  leaeDon 
of  sulphocyanic  acid.     By  trituruting  perbulphoeyahogen  with  strong  potash,  ^^}vg  a 
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Urge  Qtumtitjr  of  vat«r^  then  &n  cxoem  of  lead-aeetate,  nad  Uctly  siiffideDt  acf tie  acid 
to  produce  iiQ  Rcnd  rv*»ction,  VtJlckel  obtained  a  browniBh-jellow  pr«Gipit*te,  apparent Ijr 
coniORliiig  of  2Cy'Pb*Srpb''H=0'. 

Mffdrtdk»c^Hie  acid, — When  penu1pbo<?jiuiofl;«Q  it  boiled  with  potaaK  &Qd  hjdro- 
chloric  ftdd  aod«d  to  the  solution,  a  jellow  poirder  ta  precipitated  which  diasolrea  in 
42  Dta  of  boiltnfr  vTAtfiT,  and  thesolntioD  fomm  with  acetate  of1eada]r«llow  precipitate 
of  h/fin^thi  '  hod,  Cj'HPb'S'O.     The  acid,  Cy^^H),  maj  b*  iwurtfed  aa 

formed  froiii  yanogt^n  by  additina  of  1  at.  H'O.     The  analyna  of  the  yellow 

powder  abuvv  tuviit twaed  doea  not  however  agree  rerj  well  with  thia  form nln.  (Pa  r  n  e  1 1 , 
Volekel) 

FKRTHTTB.     Orthoclaae  frmn  Perth  in  Canada.     See  FmLSTMM  (ii  620). 

psmtr  aA3;*JiAJiC.    See  B^llsams  (i.  496). 

9WMtrMXC  ACm«  An  acid  obtained,  aecordiog  to  Unger  (Pogg.  Ann.  Ix?. 
222).  by  ptntly  heating  guanine  with  a  mixture  of  chlorato  of  pot&aiduin  and  hydm- 
ciilorie  ncid.  It  erratalUaefl  in  shortened  priams  with  rhombic  btae^  or  in  tufts  of 
colourleM  ciytftala  deatitute  of  taate  and  amelL  Gmtaina  31 '26  per  cent.  ear)jon  and 
2*60  hy<lfog*o  ;  ratio  of  carlxin  to  nitrogen  10  4  ;  whence  it  ia  probably  C'«H*N*0*.H  O, 

WWMWVrm*    Syn.  with  Smioxa  or  CrNKTLic  Alcohol  (i.  &92). 

FBTAXXXa.  Castor, — A  silicate  of  alutnininm  and  lithitim,  also  containing 
sf^lium,  in  which  lithia  was  dIaeoTcred  Hr  Arfrt^dson  in  1818.  It  occurs  maadive,  with 
apparently  monocHnie  atroeture,  exhibiting  three  cleaTagea  in  one  aone,  aflbrding  the 
anglea  117<*,  142*^  and  I0l»,  the  clearages  inclined  at  142*>  are  the  moat  diatioct, 
Hardneaa  -  6  to  &5.  Spj^cific  gravity  ^  2  42  (Arfiredaon);  2*45  (Clarke); 
2*426  (C.  O.  Gmelin).  It  has  a  ntreoua  and  gliistening  lustre,  pearly  on  the  fiuea  of 
perfect  dearage,  and  a  white  op  grej  colour,  with  occasionally  a  red'diah  or  greeniali 
tinga     Streak  white.     Tmnelucent.     Fracture  imperfect  com^oidjd. 

When  heated  bi^re  the  blowpipe,  either  alone  or  with  tluor-apor  and  acid  sulphate 
of  potaaaiam,  it  colount  the  flitme  transiently  ted,  behariog  in  other  reap<^etit  liku  ortho^ 
claae.     It  la  not  attacked  by  aoida. 

Analyse$.—  \,  From  Uio:  a.  By  Arfvedaon  (Schw.  J.  xxii.  93]: — b.  By  C* 
Omelin  (Oilb.  Ann.  liii.  399)  ;—c.  Reddish;— d.  Whitiah,  by  Waltershauten 
{Vnlki.  Qest.  p.  296); — f.  By  Ha  gen  (Pogg.  Ann.  xlviiL  361);—/  Specific  grmrity 
2 '4 4 7 — 2*455,  byKHmmrlsberg  {ihid.  Ixxxt.  644),— 2.  From  BoUon,  Maaaachanetti, 
by  Smith  and  Brush  (SilL  Am,  J,  [2]  xri.  366),— 3.  From  Elba  (the  Taricty  caBed 
Va*ior;  by  Plattner,  Pogg.  Ann.  btix.  436,  443)  : 


0* 

A. 

e. 

d. 

t. 

/     * 

8ilic»      , 

79-21 

7417 

76-74 

74*60 

77  22 

77-79 

7793 

9801 

Alumina 

17*22 

17-41 

1866 

1694 

17-47 

18-58 

16-24 

18'86 

Ltthia      . 

.        .          6-76  J 

616 

269 

298 

267 

3-30 

368 

276 

60d4 

. 

006 

2'29 

M9 

060 

liao      . 

0-32 

062 

073 

Magoenft 

. 

0*10 

010 

0-24 

Ferric  oi3d« 

, 

018 

016 

, 

0-56 

061 

Lofli  by  ignitic 

m      *         -    - 

217 

0-97 

092 

•     - 

0-65 

10219      99-28     99-90     9648     9966  100-86     99  75  100  23 

Aecording  to  theac  analyaea,  pefalite  may  be  regarded  as  3(MM>,2SiO»),4(Al'0*,6SiO«) 
or  perhape  as  3(3r0.3SiO').2(2Af^O*,9SiO*).  Caator  may  be  approxiniatety  rapreeented 
by  the  formula  (Li-0.3SiO-),(2Al«0*,9SiO^)  or  by  (l4'0.2Si0^.2(il*0*.6S40*)- 

FBTASITK,  A  reain  obtained  from  the  root  of  TuMtUago  peiatitt*.  It  is  not 
altered  by  eauAtic  eoda.  It  a  alcobolte  iolution  mixed  with  minenu  aeida  aaaumea  aa 
ejueald-graen  ooloor^  changing  to  bine  in  the  case  of  bydroehlorie  add*  (Eeinach« 
N.  Jfthrb.  Pharm.  It.  267.) 

rarzirxifS.  An  alknloid,  fwimeric  if  not  identical  with  tetrylamlnej  C*H"K, 
occurring  in  the  most  rolutile  portion  of  bone-oiU     (See  Tktrtlajujki.) 

rSTmoXi,  C*"!!**.  (Buaaenini  and  Eieenatuek,  Ann,  Ch,  Pharm.  ciiii.  161,) 
-^  A  hydrocarbon  (not  ieolate«l)  ocenrring  in  the  petrolenm  of  Kehnde  near  Hanoycr. 
On  difitilling  the  crude  petroleum  with  st^^am  at  a  preaanre  of  4  or  6  atmoapherea,  and 
rectifying  the  tiaphlha  which  pfuiaea  orer,  a  portion  i»  obtained  boiling  below  180*>  and 
conwiBting  of  petrol  together  with  o]efin*>!4  and  homologtips  of  miarah^gaa.     The  patrol 
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cannot  be  semratcd  bj  fractional  distillatioD,  bnt  bj  treatment  with  a  matofe  of  atxoig 
nitric  and  smphuric  acids,  it  maj  bo  oonverted  into  a  cryitalline  compound,  Tis. : 

Trinitropctrol,  C«H'(NOY.— To  prepare  this  compound,  2  pte.  oU  of  iritiiol, 
1  pt.  nitric  add  of  specific  grarity  1*5,  ana  2  pta.  of  the  aboTe-mentioned  dietillate^ 
boiHng  below  180°,  are  diapered  one  over  the  other  in  layers  in  a  tnbnlated  retort,  and 
left  to  rest  for  24  honrs.  The  action,  -which  wonld  be  violent  if  the  liquids  were 
rapidly  mixed,  then  takes  place  quietly,  and  trinitropeCzol  sepantea  between  the  acid 
and  the  oil,  as  a  crystalline  mass,  which,  after  the  acid  and  oil*  hare  drained  of^  is 
purified  by  washing  with  water  and  with  lukewarm  alcohol,  and  repeated  fractional 
crystallisation  from  hot  alcohol,  the  portion  which  separates  below  40^  being  each  time 
collected  apart. 

Trinitropetrol  crystallises  in  needles  and  scales,  the  latter  being  fonned  most 
abundantly  at  comparatiTely  low  temperatures.  It  melts  at  162^,  solidifying  aoain  at 
135° — 140°.  It  is  insoluble  in  uHiter,  soluble  in  ether,  bemene^  and  cold  tdeoktX,  more 
easily  (to  the  amount  of  ^)  in  boiling  alcohol  It  is  decomposed  by  a  miztoie  <tf 
iron  filings  and  acttic  acia^  but  without  formation  of  ciystallisable  prodneta.  With 
alcoholic  sulphide  of  ammonium^  it  forms  two  compounds,  one  of  which  poeaeaaea  distinct 
basic  properties,  viz. : 

Nitropetroldiamine,(yR''^H)^  «    t^-^V^l ' | N».— When  trinitiopotiol  is 

mixed  in  a  retort  with  alcoholic  sulphide  of  ammonium  and  sulphydric  acid  gaa  in  passed 
into  the  mixture,  a  largo  quantity  of  sulphur  suddenly  separates,  and  nitzo-petzoldiamina 
crystallises  out  The  excess  of  sulphide  of  ammonium  and  the  alcohol  are  removed  as 
c  )mpIotely  as  possible  by  distilUtion,  and  the  nitropetioldiamine  ia  poriiled  by  ex- 
liauHting  the  residue  with  boiling  alcohol,  dissolving  the  crystals  which  aepamte  there- 
from in  dilute  sulphuric  acid,T  precipitating  the  filtered  solution  witk  ammonia, 
repeating  this  solution  and  precipitation,  and  recrystallising  the  product  from  alcohoL 

Nitropetroldiamine  crystallises  in  long  orange-red  monoclinic  prisma,  inaolnble  in 
water,  sparingly  soluble  m  cold,  rather  easily  in  boiling  alcohoL  It  begins  to  sublime 
at  210°,  melts  at  215°  (the  fused  mass  soli(uf;ying  in  the  cirstalline  form  at  the  same 
temperature),  and  decomposes  at  a  hisher  temperature,  with  separation  of  charcoal. 
Treated  with  nitrous  arid^  it  yields  nothing  but  brown  resinous  products. 

Ifydrochlorates  of  Nitroprtroldiatnine.^The  salt,  C»H"N»0*.HC1,  is  obtained  in 
crystals  by  heating  the  base  with  water  and  a  quantity  of  hydrochloric  acid  not  anfficient 
for  complete  solution,  and  leaving  the  filtrate  to  evaporate.  A  solution  of  the  base  in 
excess  of  hydrochloric  acid  yields  the  salt  C^"N*0*.2HCL 

The  chloropfatinatp,  OH"N'0«.2HClJ»t'»Cl*.3H»0,  separates  on  adding  pUtinic  chlo- 
ride  to  the  solution  of  the  last-mentioned  salt,  in  eolden-yellow  six-sided  microscopic 
tablets,  which  dissolve  easily  in  hydrochloric  acid,  are  decomposed  by  water,  with 
separation  of  the  base,  give  oiT  their  crystallisation- water  below  100°,  and  hydrochloric 
acid  at  a  temperature  a  little  above  that  point. 

Sul^thates, — a.  On  boiling  nitropetrolaiamine  with  water,  adding  dilate  anlphnrio 
acid  till  it  is  completely  dissolved,  and  leaving  the  solution  to  cool,  the  salt  CTHA'SSP. 
S*1I*0*  separates  in  rather  lai^e  six-sided  monoclinic  prisms,  which  are  decomposed 
by  water. --/5.  The  mother-liquor  of  this  salt  yields  by  slow  evaporation  over  oil  ot 
vitriol,  large  transparent  plates  of  the  salt  C»H»N'0*.2SH«O*:2H*O,  which  gives  off  its 
water  at  100°,  and  like  the  preceding,  is  decomposed  by  recrystallisation  from  hot 
water,  yielding  basic  compounds.— 7.  On  boiling  nitropetroldiaminiB  with  a  quantity  of 
dilute  sulphuric  acid  not  sufficient  to  dissolve  the  whole,  and  filtering  the  solution  while 
hot,  the  filtrate  solidifies  to  a  mass  of  small  yellowish  lamins  of  the  salt  2CH"NK)*. 
SH«0«.2HH),  which  gives  oflf  its  crystallisation- water  at  110° 

Triethylnitropetroldiaviine,  C"H=*^'W  -  ^ ^^'^^.'^J* [ N«.--Tha hydrio- 

date  of  this  base,  C'*H»'N'0-.HI,  obtained  by  heating  nitropetroldiamine  fat  aome  time 
with  etliylic  iodide  in  a  bath  of  boiling  solution  of  nitrate  of  sodium,  and  purified  by 
recrystallising  the  solid  part  of  the  product  frx>m  hot  water,  crystallises  in  zed  tfaombie 
priKms  with  pyramidal  ^ces.  On  adding  ammonia  to  the  solution  of  this  hydziodate  in 
hydrochloric  aeid,  triethyl-nitroptroldiamine  is  precipitated  in  lemon-yellow  acaka;  it 


•  Thii  olljr  HquM,  «(lpr  wa*h«iiR  with  »«ter,  drying  oTer  chloride  of  ctlcium,  left  on  '  ■■„■■■-.,.„  - 
thirkiah  >ellow  mi  ue  which  deposited  narreout  ciyttalline  Uminc.  These  crrsUls  exhibited  on  one 
(NCMaion  M  meliing  point  between  \tA9  and  I5GO,  fanA  a  curapoiition  eorre«|ioaMlfnt  with  the  fniwU 
i*\W NO^)',  whence  thev  appear  tocontltt  of  the  next  homologue  of  triDitropetrol ;  tbcjalao  nscted 
like  the  luttir  with  sulphide  of  amraoniiim. 

t  I  here  then  remains  undiMolved  an  orange-jrellow  crystalline  compound  CI(*H*bN*0*.  Inselnble  lo 
water,  alkalis  and  dilute  acids,  soluble  in  concentrated  acids,  and  separable  therefkon  by  watari 
sparinRl^  soluble  In  alcohol,  ether,  chloroform  and  mlphide  of  carbon  ;  melUnt  at  191^— IMP  aid  «*- 
liming  in  small  quaniitj.  When  subjected  to  the  action  of  drr  hydrochloric  arid  sat.  It  f 
somewhat  unstable  compound  <:«"H*»N«0»^HCI.  b-^  -  " 
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m  9tAnh\*  in  sloolml  ftnd  in  elh«r,  And  »eparst€«  from  tbese  solotiotij  on  i^T&poniHon  In  oily 
iirn|w  which  solidify  in  the  nystAlline  form  After  name  time  only.  The  aolution  of lb<» 
hnno  Tn  hvdrofhlf'He  m*id  Tiftld«»  on  a«ldttjnn  of  plutinic  chloride,  the  pintinum'Saft 
2(C"H=^''OlRCi)Pt"Cl*,  fa  tofta  of  sk-ndprgoldftn-yeUow  oeedJi* 


The  name  applied  byBoasflingaaltto  Ui«  more  toUHId  eon* 
f!titu«nt  of  djiphdt  or  bitumen  (i.  426).  Bee  aUo  Volckel  (Ann.  Ch.  PhiLniL  btxinrii. 
139;  Jahrc«b,  1853,  p.  62i). 

raTSOXStmff.  Eartk'Off,  Naphtha,  MaUka,  Mineral  Tar  or  Oil;  Erdol^  SitmSl; 
BiiuMf  iiquidf. — A  rariety  of  liquids  known  by  fome  on«  or  oth^  of  the  above  names', 
and  eom'flpooding  with  v<tgetul  and  animtd  oils  in  the  chnmcten  of  inflammability  and 
in»r»)ubility  in  wtiter,  o>.Yur  in  mitny  piirtR  of  the  eartli.  'HieT  all  ame  in  possipflsinga 
strong  bttamiDotia  amAU^  but  differ  considerably  in  other  poysteftl  characten,  b«iug 
sometiraea  thin,  tranaparc'nt  iind  pale  coloured  ;  noniPttmes  Tihcid,  *opaqQ«  and  black. 
There  are  atao  nnmerwis  Tarietii^s  with  chAniiCterft  intermediate  between  thef»e  extremes. 
Th«  specific  g^ravity  variea  from  0*8  to  I'l,  and  the  colour  is  frequently  bruwn  or 
grMniflb,  The  name  mamktka  has  generally  bera  applied  to  the  thinner  and  leaat  coloured 
varietiea  of  mineral  oil,  or  to  the  more  volatile  portion  of  the  diHtiihite  obtained  by 
rectilyiiig  the  natire  oil,  while  the  darker  and  more  viscid  kinds  haTe  b«<;n  termed 
minrral  tar,  and  the  intermedtttfe  rarieties/^/rr^^ruirn. 

The  cotintriee  moat  famons  for  the  occorrence  of  mini^rul  oil  are  Pen^ia,  the  Caneaana 
and  Groiigta,  BaFmab,  the  West  Indian  Islands,  and  North  America,  It  alfto  o<!ctira 
in  the  country  to  the  north  of  the  Danube^  in  Italy,  Bjiruria,  Hanover,  Zante,  Switze^ 
land,  China,  India,  and  to  some  extent  in  England  and  France. 

Chemically  the  substances  known  by  namcn  of  naphtha,  petrok*nm«  &c.^  are  all  very 
cloMly  alli*?d,  inasmuch  a*  they  consist  for  the  most  part  uf  oils  differing  in  density  and 
Tolatility,  The  old«T  analyses  of  these  mineral  oils  wrre  made  withont  any  further 
nt tempt  at  separating  th«  substances  th*'y  evidently  contained  in  a  state  of  mixture, 
than  merely  rectifying  the  oil  and  treating  it  with  sulphuric  aeid»  They  sufficed,  how- 
ever, Uj  estublibh  the  fact  th»t  the  constituents  of  j>**tro!eum  were  essentiaUy  com- 
pounds of  carbon  and  hydru^n ;  but  the  chemistry  of  the  hydrocarbons  was  to  tkrwly 
deireloped,  after  the  time  when  Faraday  drmouslratt-d  the  exutence  of  numerous  com- 
ponnds  ot^hts  kind,  and  petroleum  waa  so  little  usetl,  that  scarcely  any  progresa  was 
mudo  towan).^  a  knowledge  of  ita  constitution  until  quite  recently,  since  the  extensire 
application  of  this  mut^iai  to  useful  purposes  has  caused  greater  att4.>ntion  to  be 
directed  to  it. 

A  thick  black  Ttriety  of  petroleum,  occurring  between  P^^klenicza  and  Mo$lowina  in 
Hungary,  was  examined  in  1788  by  Winterl,  who  found  that  it  yielded  by  distillation 
a  colourless  oil,  a  yellow  oil.  and  a  buttery  ma^s.     (Crell "s  Chem.  Aunal  i.  493.) 

A  diirk  brown  Galician  petrolpum  of  specific  grarity  0-^43,  ww  examined  in  1791 
by  Martin  ovich,  who  obtained  from  it  by  distillation,  a  yellow  oil  of  specific  gravity 
0'8ll,  and  two  darker  oils  of  specific  gravity  (J'867  and  0961  rei«pectively  (Cri'll's 
Chem.  Annal.  i-  72),  In  1817  Saussure  published  an  account  of  his  investigation  of 
the  native  naphtha  of  Miano,  in  the  Duchy  of  Farma^  which  was  used  at  tliat  time  for 
lighting  the  streets  of  Genoiu  He  described  it  «a  bcnug  a  trauapart'nt,  yellnw,  thiu 
liquid^  of  0*836  ipeciHc  gravity,  with  a  strong,  pcnistent  Kmell,  i-epuriiUe  by  diiitiJlMtion 
into  a  colourless,  lighter  and  more  volatile  portion,  and  a  hcsvit'r,  less  volatile  portiun. 
Tht<  former  he  termed  rectified  naphtha.  It  had  a  specific  gravity  of  0*768,  with  only  a 
slight  eTanesceot  odour,  was  entirely  volatile  at  the  ordinary  atmospheric  temperature, 
unalterable  by  expoeure  to  light  and  air,  and  little  acted  on  by  strong  acids.  It  mixed 
in  all  proportions  with  absolate  alcohc^  and  diseolved  in  seven  parts  of  alcohol  of 
specific  gravity  0*835.  Caoutchouc  macerated  in  this  reetiiled  napntha  without  heat^ 
»w«ll(d  boat  least  thirty  timed  its  volume,  but  after  forty -eight  hoars  the  naphtha  coo- 
tained  only  a  seven- thousandth  of  its  weight  of  caoutcfaonc.  (BLbL  Univ.  [S.  and  A.] 
ir.  no.) 

In  1829  Ilnverdorben  obtained  fmm  Persian  petroleum  similar  products  by  dis- 
lillation,  and  inferred  that  it  consisted  of  a  mixture  of  several  oils«  togeUier  with  a  small 
quit  lit  ity  of  a  kind  of  solid  £at  (paraffin  ?),  resin,  and  an  indifierent  coloured  substance. 
(StOiweig.  Jour-  IviL  243.) 

ChristisoD  and  Gregory  in  1831  examined  the  petroleum  of  Rangoon.  It  was 
of  a  buttery  consistence  at  ordinary  temperatures,  of  a  dark  brown  colour  with  a  tinga 
of  jgrren^  and  a  specific  gravity  of  0*880.  They  separated  it  by  distillation  into  threw 
difevnt  portions,  and  extracted  paraSn  from  it*  See  Pabafftm*  (Trans.  Roy.  Soc» 
Ediob.  xui.  118,  124.) 

Blanch et  and  Sell  in  1B33  obtained  similar  products  from  Pernian  petroleum, 
via. :  an  oil  of  specific  gravity  0  749,  boiling  at  94°  C.  and  tliree  oils  boiling  at  138^^ 
187<»  and  220*  fetpectivoly.    (Ann.  Ch,  Pharm.  ri,  309.) 
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In  1836  Kobell  examined  the  petroleum  from  the  Tegem  Lake  in  Bsfaria*  knofvtf 
by  the  name  of  Quirinta  oil,  and  separated  from  it  apermanently  liquid  oU,  aoduiotlMr 
which  partly  solidified  when  cooled  to  6o.    (J.  pr.  Chem.  riiL  806.)  . 

A  thick  brown  petroleum  from  Niebylow  inGalicia,  examined  by  To  ro a iwieei;  had 
a  specific  gravity  of  0960  and  became  perfectly  liquid  only  at  61°.  Another  kind  item 
Truscawice  was  of  specific  gravity  0*890.    (Repert  It.  15  ;  Ixi.  898.) 

Hess  described  the  petroleum  of  Baku  at  the  same  time  as  havuiff  a  ipeeifie  ^- 
rity  of  0-836,  begining  to  boil  at  140®  and  yielding  by  fractional  distillation  oUs  wliieh 
had  no  fixed  boiling  point.  j(Pogg.  Ann.  xxxiv.  417.) 

In  1840  Pelletierand  Walter,  by  repeatedly  rectifying  that  i>ortion  of  the  Mjmo 
petroleum  which  distilled  between  130°  and  270°  obtained  an  oil  which  they  called 
naphtha,  boiling  at  83°— 88°,  to  which  they  gave  the  formuU  C>»H»« ;  also  an  oil  boil- 
ing at  116°,  which  they  called  naphten  (C>«H'«),  and  an  oil  boUing  at  19°  whidi  thej 
called  naphtol  (C'^'*),  and  they  regarded  these  oils  as  the  conatitoenta  of  petxoleiim. 
J.  Pharm.  xxri.  649.) 

In  1848  and  1849  Ure  and  Mansfield  examined  a  variety  of  mineral  tar  from  s 
ooal  mine  at  Alfreton  in  Derbyshire.  The  specific  gravity  waa  0*900,  and  it  connated 
chiefly  of  liquid  oils  boiling  at  temperatures  above  800°,  prsaenting  in  iU  ehanctan 
some  resemblance  to  the  oil  or  tar  distilled  from  bituminooa  shale.  (Flianii.  J. 
Trans,  vii.  486 ;  Chem.  Soo.  Qu.  J.  i  249.) 

Besides  these  investigations,  several  analyses  of  petroleum  and  of  the  prodneta 
obtained  from  it  by  fractional  distillation  had  been  made,  the  reaulti  of  which  ace  gifoi 
in  the  following  table : 

Analy9e$  of  Petroleum  and  its  products. 


Kind  of  petroleum. 


Miano 

Persian 

Persian 

Baku 
Miano 

Miano 


(Bectified) 
)  products  ( 
Rectified 
I  Rectified 
\  products 

I  Rectified! 
( products^ 

Native 

JRectifiedj 
)  products  1 


Cmrbon. 

Hydrogen. 

Boiling  point. 

Aotborl^. 

87-21 
86-66 

12-79 
13-31 

;:l 

Sanflaiira. 

86-92 

12-12 

•      • 

Dmnaff. 

83-88 

14-29 

94°  ( 
216°  { 

Blandiei  and 

86-43 

13-06 

8elL 

79-82 

13-20) 

to 

to    V 

various 

He«. 

86-86 

14-61 

86-68 

13-17 

86-30 

13-40 

1000—116°! 

84-60 

13*40 

116°— 120° 

Pdletier    aad 

86-80 

13-80 

120°— 180O 

Wattw. 

86-60 

13-40 

140°— 160° 

These  results  did  not  advance  the  knowledge  of  the  constitution  of  petzoleni 
beyond  the  point  where  it  was  left  by  Unverdorben  in  1829,  via.  that  it  waa  a 
varyiuff  mixture  of  hydrocarbon-compounds  with  pitchy  or  asphaltie  aobetanoea  dii- 
Bolved  in  it  to  a  greater  or  less  extent,  and  that  elemental^  analysis  waa  of  little  nlili^ 
until  some  means  had  been  found  of  separating  the  individual  constitoenta  more  con* 
pletely.    (Schweigger^s  Joum.  ix.  29.) 

In  1867  De  la  Rue  and  Muller  pubb'shed  the  results  of  their  examinatioii  of 
Rangoon  petroleum,  showing  that  it  contained  hydrocarbons  of  the  bensene  andclciBe 
series,  but  consisted  chiefiy  of  compounds  which  were  not  acted  upon  hj  ewestiUated 
nitric  or  sulphuric  acid.    (Proc.  Roy.  Soc.  viii.  221.) 

Eisenstuek  examined  the  petroleum  of  Sehndo  (Hanover)  in  1858,  and  eamata 
the  conclusion  that  the  oil  obtained  by  distilling  the  crude  petzolenm  with  ■team 
and  boiling  below  180°,  consisted  of  a  mixture  of  polymeric  hydrocarbooa  (>B^ 
homologous  with  ethylene,  together  with  petrol  CH'*.     (Ann.  Ch.  Pharm.  cxiii.  161.) 

According  to  U e  1  s  m  a  n,  on  the  other  hand,  the  products  obtained  hjfiaenatfidL ficoi 
this  petroleum,  and  boiling  between  136°  and  146°,  oone^wnd  with  the  furmnla 
OH*»*«.    (Ann.  Ch.  Pharm,  cxiv.  279.) 

Freund  and  Pebal  examined  Galician  petroleum,  and  came  to  the  conehuioB  that 
it  contains  substances  belonsing  to  at  least  three  different  seiiea,  fim,  h«"**?^'|pMi  ol 
ethylene,  which  are  not  acted  upon  by  concentrated  sulphuric  acid  at  the  ccdinaiy  tan* 
perature,  homologues  of  bensene,  and  homologuea  of  phenoL  (Ann.  Ck,  Phazn.  cz¥.  19.) 

The  most  important  investigation  of  petroleum  is  that  recently  made  hj  Peloaae 
and  Cahours  (.Compt.  rend.  liv.  124,  Ivl  606,  Ivii.  62).  Thej  operated  upon  tiM 
petroleum  which  has  been  brought  in  large  quantity  from  Penm^ylvaiiia  Atamg  f^ 
)Rst  few  years,  and  succeeded  in  obtaimng  from  it  twelva  diatinct  fiqidd  l^ydio* 
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cmrhom,  wlucli  thij  gOMBJar  to  be  liomologDca  of  Trumh-gna  (ETi>sn>Bi^  tii.  Id IX 
besides  the  solid  hvdrocsrboiis  known  ttnder  the  niuiie  of  poraifiQ  (p.  342). 

Bon  aids  hmi  slso  shown  that  this  pstiolenm  probttbly  contains  the  lower  menibera 
of  this  series,  cotresponding  to  eth jl  and  tnt^rl,  and  gaaeoos  at  ofdinaiy  temperstnres 
(Cbem.  Soc*  J.  xviiu  d29).  Schorlcmmpr  has  stated  that  it  also  contains  small 
qoactities  of  benci^ne  and  its  homologue^,  but  thoso  substanoea  wsfe  not  found  by 
Psionse  and  Cahonrs. 

Tbsse  rsKilts  ahow  that  Ammcan  petroletim  probablj  consists  chieflj  of  homolognes  of 
maz«h-gaS|  and  those  which  hare  been  isolated  present  the  following  eharaeten : — 


ForatilB. 

ifMctie  fmvltj. 

IMJlasfMlnC 

VA^ur-dafitlty. 

AtiftlMMUy. 

cm* 

gaseoas 

C*H* 

gpseOQS 

Bonalda,          | 

C*H'» 

oeoo  at  0^ 

OO              40 

2-110 

C»H'» 

0*020 

30* 

2-638     ^ 

CW* 

0669             > 

68° 

3D50 

c:ii« 

0699 

91**           940 

3616 

eH»» 

0726 

116<>         lis** 

4*009 

(-•H:" 

0*741 

ia60         138<» 

4641 

Felottae 

C"»H« 

0-757 

160*>         16i^ 

6040 

and 

C»'H*» 

0766 

180°         184* 

6468 

CaboOTi. 

C'»H» 

0776 

19««         200<» 

fi-973 

C^*H« 

0792 

216^         218<* 

6-669 

C"*H>- 

*      • 

236«»         240-^ 

7019 

C'»H" 

•     • 

2550         260^ 

7523 

Ammcan  petroleum  containn,  besides  these  Bub«tanrea.  other  oili  of  much  higher 
boiling  point  and  of  a  ^pecifie  gravity  aboTe  0-8 70;  other  kinds  of  petroleum  alao 
contain  oils  of  still  greater  density,  eometimes  eo&siderabiy  above  0*900,  but  it  hmi  not 
yet  been  nseertained  whether  these  are  homolog:aes  of  manh  gas.  It  is  probable  also 
that  moBt  kinds  of  petrolcam  contain  olcfinee  to  some  extent,  or  at  least  analogons  oils 
which  combine  with  coaccntrated  sulphurii'  acid ;  but  in  most  instances  the  homologues 
of  marsh  gas  appear  to  constitute  the  chief  bnlk  of  petroleimu 

The  similarity  existing  betwef^n  p*  Irolptim  and  the  oily  tar  oMamed  by  destmctire 
distillation  at  tempemtnree  below  full  red  heat,  as  regards  the  chemic^  nature  of  the 
Bobctances  contained  in  these  j^roduet^s  rcnderg  it  highly  probable  that  petroleum  has 
been  formed  by  the  decomposttion  of  vegetal  and  aniniid  remains,  nnd  that  its  origin 
is  in  some  way  connoded  with  the  formation  of  coul  and  othpr  bituminous  minora^ 
fifom  similar  materials;  bnt  it  U  not  cvidf*nt  what  may  have  been  the  preciiw  mode  in 
which  this  change  has  taken  place.  The  opinion  which  has  generally  been  entertained 
]wi  to  thp  origin  of  potrolenro,  is  that  it  has  been  formed  by  the  action  of  heat  ui)on 
cool  beds  situated  l^eath  the  earth's  snrfHce^  that  is  to  say,  by  a  proceiss  of  carbon if^- 
tion  or  deistructire  distillation.  The  long  recognised  and  obvious  analogy  between 
the  Turions  kinds  of  petroleum  and  the  oily  prodncts  restLlting  from  th(?  action  of  heat 
upon  Tegetal  and  animal  substances  has  hitherto  been  the  chief  ground  for  that  opinion, 
and  the  still  closer  resemblance  which  has  since  been  found  to  exist  between  certain  of 
thesis  materials  in  the  chemical  nature  of  their  coiisfituents,  would  tend  to  increase  the 
probability  of  its  being  correct^  if  there  were  not  other  facts  which  throw  some  donbt 
upon  the  formation  of  petroleum  from  coal  by  an  actual  process  of  destructiTe  distilla- 
tion. Thus  for  instance  anthracite — whi^h  from  its  b»^ing  the  kind  of  coal  containing 
the  smallest  amonnt  of  bituminous  or  volntilisable  substance,  would  be  most  likely  to 
be  the  residue  of  such  a  ppocess— do^s  not  present  an^  indications  of  having  been 
exposed  to  such  a  temperature  ss  is  requisite  fur  volatilising  petroleam  or  for  expelling 
the  bituminous  substance  from  other  kindji  of  coaL 

Reichenbach  wai  induced  to  consider  thi^snbj*  ct  from  its  connection  wttb  his  study 
of  the  general  phenomena  of  destructive  distillation.  The  p*'troleum  he  examined  did 
not  contain  paraffin^  and  observing  some  other  differences  between  the  oily  tar  he 
obtained  by  carbonising  coal,  and  the  spt^ciinens  of  petroleum  he  had  examined,  he 
eon  eluded  that  there  was  an  essential  difference  between  these  substances.  Referring 
also  to  the  fact  that  p*trL»k»tim  had  never  been  met  with  where  coal  beds  were  subjected 
til  the  action  of  heat  by  underground  combastion,he  was  led  to  doubt  whether  true  pe- 
troleum originat^-d  in  this  way  from  the  decomposition  of  coal.  In  the  year  1833  he 
f.iund  that  by  distilling  coal  with  water,  an  oily  Liquid  was  obtainable,  to  the  extant  of 
th  part  of  the  coal,  which  was  clear,  transpartot,  greenish^yellow,  of  spaciUfi 
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to  the  petrolenm  of  Miano  and  of  Persia,  while  at  the  same  time  it  smelt  like  tnrpra- 
tine  oil.  Arguing  from  the  aseumed  identity  of  petrolenm  and  the  oil  thus  oblaiBed 
from  coal,  without  decomposition  as  he  supposed,  together  with  the  equally  erroiMoas 
assumption  of  an  essential  dissimilarity  between  petroleum  and  the  oily  tor  obtained  by 
carbonising  coal,  he  came  to  the  conclusion  that  the  commonly  receired  opinion  as  to 
the  origin  of  petroleum  was  erroneoos,  and  was  disposed  to  regard  it,  not  as  a  prodnet 
of  the  decomposition  of  coal,  but  as  an  actual  constituent  of  coal,  and  iu  fact  as  being 
probably  the  turpentine  oil  of  primssval  pine  forests.  Hence  he  inferred  that  coal 
could  not  have  been  exposed  to  a  temperature  at  all  approaching  that  requisite  for 
carbonisation,  but  that  the  petroleum  it  contained  was  expelled  merely  by  the  action  of 
such  a  moderate  heat  as  might  prevail  at  no  great  depth  )>tf low  the  surface.  (Schweig. 
Jour.  ix.  19.) 

The  discovery  of  paraffin  and  eupione  in  the  petroleum  of  Rangoon  showed  that^  so 
far  as  these  could  be  regarded  as  being  exclusively  products  of  destructive  distillation, 
Reichenbach's  conclusion  did  not  apply  to  all  kinds  of  petroleum.  Henoe  Clregoiy 
and  Kobell  adopted  the  opinion  that  petroleum  containing  these  substancee  was  at 
least  a  product  of  destructive  distillation. 

It  has  also  been  suggested  somewhat  vaguely  that  petroleum  may  have  been  formed 
by  the  combination  of  carbon  with  hydrogen  at  considerable  deptns  below  the  earth's 
surface  under  the  influence  of  volcanic  heat  and  great  pressure  (V  irlot,  Bulktin  de  la 
Soc.  ffeol.  iv.  203  ;  Verne uil,  ibid.  [2]  i.  800  ;  Lecoq,  Lrs  Eaux  minerales considcries 
dxins  leurs  Rapports  avec  la  Chimie  et  la  Geologie,  143  it  seq.).  It  is  possible  that  by 
the  reaction  of  water  and  carbonaceous  substances  under  certain  conditions,  hydrocar- 
bons might  be  formed,  andBerthelot's  synthetic  production  of  hydrocarbons  (  Compi. 
rend.  xliiL  206)  renders  it  probable  that  petroleum  may  in  some  instances  have 
originated  in  a  similar  manner,  though  the  precise  nature  of  such  modes  of  formstion 
is  not  yet  known.  B.  H.  P. 

PBT&OSZXiSX  or  Adinole. — Compact  impure  felspar,  like  the  base  of  porph^. 
It  differs  from  jasper,  which  it  often  resembles,  in  being  fiisible  before  the  blofwpipe. 
Specific  gravity  2-60  to  2-66.    (Dana.) 

9Vru»TZXL  (Peh'tun-tsz.y-A  felspathic  rock  consisting  largely  of  qoarts,  used 
in  China  to  mix  with  kaolin  for  the  manufacture  of  porcelain. 

FBTZZTB.     Telluric  silver.     (See  Tellueitm.) 

PEVCBBAWZV.  Imperatorin,  C"H'*0*.  (Schlatter,  Ann.  Ch.  Pharm.  T.  205. 
— Doboreiner,  ibid,  xxviii.  288. — Erdmann,  J.  pr.  Chem.  xvi.  42. — ^Bothe,  Md. 
xlvi.  371.— Wagner,  ibid.  Ixii.  275;  N.  Jahrb.  Pharm.  ii.  83;  xiv.  15.)— A  nentrd 
substance  contained  in  the  root  of  masterwort  (Imperatoria  Ostrutkium  L.,  Peucedanum 
Ostruthium,  Koch),  and  of  other  umbelliferous  plants  of  the  peucedaneons  tribe.  It  is 
prepared  by  exhausting  the  root  of  masterwort  with  boiling  alcohol,  evaporating  the 
extract,  washing  the  residue  with  water  and  with  alcohol,  and  crystallising  it  from 
ether,  which  leaves  undissolved  a  resinous  substance  wherewith  the  pencedanxn  is 
contaminated. 

Peucedanin  crystallises  in  light,  transparent,  colourless,  shining  pri.«sms,  grouped  in 
tufts.  It  melts  at  76^  without  loss  of  weight,  and  concretes  again  but  slowly,  yield- 
ing at  first  a  transparent  syrup  which  then  solidifies  to  a  waxy  mass.  It  does  not 
dissolve  in  wattr,  either  hot  or  cold;  it  is  sparingly  soluble  in  cold,  more  soluble  in  boil- 
ing alcohol ;  the  solution  has  a  persistently  acrid  taste,  and  does  not  act  on  vegetaUa 
colours.     Peucedanin  is  very  soluble  in  ether^  and  in  oils  both  fixed  and  volatile. 

Peucedanin  gives  by  analysis  from  69' 6  to  71*1  percent,  carbon  and  5*8  to  6*5  hy 
drogen,  agreeing  nearly  with  the  formula  C"H"0*,  which  requires  70*6  per  cent,  earboo, 
5*9  hydrogen  and  25*5  oxygen.  This  formula  is  confirmed  by  the  reaction  of  pencedanin 
with  potash,  whereby  it  is  resolved  into  angeb'c  acid  and  oreoselin  (p.  215) : 

C"H"0*     f     H«0      =      C*HH)«     +     C'H«0«. 
Peucedanin.  Angelic  Oreocelin. 

mcid. 

Peucedanin  is  insoluble  in  acids,  and  is  not  acted  upon  at  ordinary  tempcratm^s  by 
stdphuric,  hydrochloric  or  acetic  acid.  Strong  nitric  acid  dissolves  it  with  aid  of  b««ty 
converting  it  either  into  nitropeucedanin  or  into  oxypicrio  and  oxalic  acids.  It  is  de- 
composed by  chlorine  and  iodine.  The  alcoholic  solution  is  precipitated  by  certain 
metallic  salts,  the  acetates  of  lead  and  copper  for  example. 

Nitropeucedanin,  C'*H'\NO*)0*  (Bo the,  loc.  cit.),  is  produced  by  heating 
peucedanin  to  60°  with  nitric  acid  of  specific  gravity  1*21.  The  resulting  yellow 
solution  solidifies  on  cooling  to  a  crystallised  mass  which  may  be  purified  by  cnrsttl- 
lisation  from  alcohol.  Nitropeucedanin  forms  colourless  scales  moderately  solnble  in 
alcohol  and  ether,  nearly  insoluble  in  water.  It  melts  and  decomposes  at  100°.  "When 
lieated  to  100°  in  dry  ammonia  gas,  or  treated  with  ammonia  and  alcohol,  it  is  converted 
into  nitropeucedamide  (probably  C'»H"N'0'  =  C«H"(NO«)0«  +  NH»  -  BrO), 
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w\iii*h  cryntAnisfs  fW^tn  boiling  Al<%>hol  in  iihitung  HiomloidAl  [rriims  rerj  tolable  lu  al- 
oohol  fttid  etb<?r,  iiLBolubi<?  iu  wator^  aod  d««o&ipoicd  hj  weak  addi  or  bgr  caoidc  t>oCub 
into  nitropiUcedAoin  and  ammooia. 

FBirCTTXi*     %n.  viLh  Tiuxbclmwil 

PBAG O ItlTJB.    A  TiLriHj  of  cbiLbB«it«  from  Leipa  in  BohcmiA  (I  844). 

FILACOVZV.    Ad  nlbiuninoiw  subitikiioe  eon<titiituig  the  inner  portion  of  the 
crysnilliiif  U'nn  of  the  eje*  of  fishea  (ii.  616), 


C'H'O*? — A  brown  resinous  Bubstanoc  obtained  by  Schloftn- 
bcrgrr  Hiul  Doppio^  (Ann.  Ch.  Fharni.  1.  207)  from  rhnbarb-rctrf.  To  pirpare  it 
the  root  \u  i'xbAUift«d  witb  »lcuhul  of  60 — ^80  per  ci^uL ;  the  PTuporat^^d  4>xtract  is  treat i*d 
with  wtUt^r  which  diwokes  only  part  of  it ;  the  nndisaolvi'd  portion,  afttr  be  inp  com* 
pletelj  dried  OTvrtbewnt^'rO'V        '       iTodintbesmall^tp^     ''  ^         '*   '     'ji) 

of  80  f»«r  cent;  the  BoUit  ion  ited  by  etbf-r,  iind  the  ;  -d 

with  Aleohol  of  80  ppr  wnt,  v. .j  .:  t a  sepamted  into  in solui,    .,j^  ..  .„  ^ ,,  .,.-^  .ujd 

a  «k)tution  which  whtn  c*v-!ipomted  Iwivps  plutoretin. 

Phjimretin  whpn  driwi  and  pulv€-ris*Ml  forms  a  yellowiah-brown  powder,  luving  no 
I  aMio  of  rhubarb,  very  fdi^rhtlj  solubli*  in  watrr^  <*nirily  in  nlrohol  and  in  afkalix,  from  which 
l.-ith'r  i^lutiona  it  i«  nr«cipitatt*«!  with  yellow  CK^tonr  by  nio«it  mtnpnit  iiri<!«;  it  diesolrrA 
however  in  acHic  and  in  ettrtcenirai^  inUnkurh  Ofiid.  It<*  compound^*  with  tbt*  alkaOs 
Imv*^  u  dwp  red-l>rown  colour.  When  nrntod  cm  pbitinura-foil  it  iTn4ts,  giving  off 
y fallow  rapour»  having  a  faint  odour  of  rhubarb,  und  bnma  away  without  ti^aring  a 
tnioe  of  anh.  The  eolation  of  pha&oretin  in  ammonia  fornift  with  acrUitt  of  lead  a  rioJet- 
rt'd  precipitate  which  appears  to  decompofir'  daring  wa&hing« 

TMMQBtW  or  FSf  08IC  ACIS.  A  constituent  of  the  pertcurp  of  bay-berrif<6 
|iii.  477). 

PBikSlIiCACOCA,liC!TB,    Syn.  witli  OLnrsxiTB, 

yiIftWlltftf^<MiTT».  Native  caloc  arsrnuta,  occnrring  scmc^f imrs  in  diittinct  mono- 
clitiic  priems,  but  more  frequently  in  delicate  eilky  ftbri's,  :icieular  cryBlallisations  or 
fltrllate  groups ;  ftl«o  bolryoTdai  and  »tahwrtitic,  aonK^tinies  ntaiisive.  Hardoeas  = 
2—2*6.  Specific  gravity  2*64 — 273.  It  haa  a  vitreous  lufltn*^  white  or  greriah 
colour,  sometimffl  tinged  with  red  from  adtnixtun*  of  anenate  of  cobalt;  streak  whiffy. 
Tranalocfnt  to  opaqnf«.  Fracture  uneven*  Thin  buninft  flcxiblet  It  is  insoluble  in 
w^atcr,  but  eimily  piolubl**  in  acid». 

AnaJtfSi*, — n.  From  Wfttich<'n  in  the  Black  Korost  (Klaproth,  Bniragr,  iii,  277)^ 
— 6,  Fr^jra  Andreasberg  in  the  Ilara  (John.  Chtm,  IJnttrs,  ii.  221). — 1\  Lx^idily  un- 
known (Turner,  Voga.  Ann.  r.  188).— rf.  From  Glticksbrunn  in  the  Thuriugi'Twald 
(HaioRieliberg  Udd,  IxiL  I6U). 
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These  ttoalysca  IcJid  to  the  fonnuU2Cu"O.A>s^O».6H'0  (calc  6M6  AsK)».  24*87  Ca^O 
and  23  97  water),  or  2Cu'HAi»0*.6II^O,  The  cobalt  m  the  bist  ia  probably  due  to 
admixture  of  cobult^bloom. 

PharmaeoUte  ia  olao  found  at  St.  Marie  aux  Mines  in  the  Vt>8gi*«»  at  Riecheladorf 
&ud  Bieber  in  Heasia,  and  at  Joachlm&thal  in  Bohemia ;  it  occurs  in  association  witii 
arsenical  ores  of  cobalt  and  silver. 

Picropkarmacolite  from  Rieehel^dorf,  containing  4 6  9 7  per  cent.  Ah^O\  24  6o  time, 
rt-22  magnesia,  1-00  cobiilt-oxtdK.  and  23'98  Wttl«r,  is  probably  pharmaoolit«  having  ih« 
lime  partly  n-plntod  by  njiagnti*iti. 

FSAftllCACOBIOSBSTB.     Syn.  with  Cusi-Olis  (ii  171). 

FHJLSlsaX.fr8.     3<m*Bkan(L  624). 

See  Inositb  (iii.  274), 

In  thf  egg-shell  of  Pkamanus  colchicuB,  B.  Wicke  (Ann.  Ch. 
Phami.  oxxv.  78)  found  93'33  percent.  earb»>nat^  of  calcium^  066  phosphate  of  mag- 
ne^ium,  1  37  phosphates,  and  464  orgtinic  nuitter. 

FSBKACITX  Qr  TMMMAMJTTM,  A  iiiliciite  of  ^lucinum.  occurring  with  «iu- 
rrahi  in  Pertrt,  ilmi-*ii  MrmufdinF,  and  with  quartz  at  Framont  iu  Abuice,  in  rhorobo- 
hedrul  crystals  with  »eah/U'>hcdnil  and  priamatie  faces.     K:  R    r=    UG**40';  oH     H 
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->  U29  4V;  length  of  principal  axw  =  0-60.  CleaTage  imperfect  pftnlkl  to  R  and 
o»B2.  Twins  alK>  oecur,  with  face  of  cuniposition  puiillel  to  ooR.  HafdnMi  ^  8. 
SpNsdfic  paTity  »  2969.  The  crystals  are  transpwent  to  Cfpaqne,  eokmri<M»  or oC 
bright  wine-yellow  colour  inclining  to  red,  and  with  Titreons  Instre.  "Fimttan  nndbr 
to  that  of  quartz.  Infusible  per  se  before  the  blow-pipe ;  forms  oolouxleM  glBwrs 
with  fluxes ;  melts  to  a  milk-white  bead  with  a  smaU  quantity  of  sodie  caijboiiate, 
forms  a  tumefied  infusible  mass  with  a  larger  quantity.  Not  attacked  bj  mddM,  A 
specimen  from  the  Ilmen  Mountains  was  found  by  Hart  wall  (Pogg>  Ann.  zzzL  57) 
to  contain  66*14  silica  and  44*47  glucina  («  99*61 ;  a  specimen  firom  Alaace  analjsed 
lyBischof  {ibid,  zxxit.  525),  gave  54*40  silica,  45*57  g^na,  and  0-09  lime  and 

magnesia— results  agreeing  nearly  with  the  formula  2^e*0«.88iO«  or  2G''OJ8iO»  « 

(^'^iO*  (see  GLUCXKnc,  il  8^9^  which  requires  53*96  silica,  and  46*04  glucina. 

yw^W^  — —*— —-  A  name  given  to  aniline-violet  by  Schenrer-Keatner 
(Jahresb.  1860,  p.  728).  who  regards  it  as  rehited  to  aniline  in  the  same  maimer  as 
naphthameme  (oxynaphthylaraine)  to  naphthylamine. 

VKXWAMnnbOXta  Phenatb  or  Phbhtulti  of  Amtu  (See  Phknoi^  p.  391.) 

VKXWATBS.    See  Prenyl,  Htdbatb  of. 

PSBraTO&.    Phbnatb  of  Ethtl. 
Syn.  with  Muscotitb. 
IC  ACZa.    See  Phxkol. 

A  colouring  matter  produced  by  the  action  of  nitrosolphiuie  add 

(a  mixture  of  strong  nitric  and  sulphuric  adds)  on  phenylic  alcohoL  The  add  is 
nddcd  in  successive  portions  to  crystallised  phenylic  alcohol,  the  mixture  being  eookd 
after  each  addition,  as  long  as  red  vapours  continue  to  escape.  The  add  liquor  ia  then 
poured  into  a  large  quantity  of  water,  and  the  resulting  predpitate  is  washed  with 
water  and  dried. 

Phenicine  is  a  brown  amorphous  powder,  sparingl]^  soluble  in  water,  eassly  aolnWa 
in  alcohol,  ether  and  acetic  acid.  Alkalis  likewise  dissolve  it  easily,  impaitii^a  Une 
violet-blue  colour,  which  however  is  changed  to  brown  by  the  least  excess  of  add.  ^  It 
dissolves  also  in  lime-water.  It  melts  and  turns  black  at  a  moderate  heat.  It  ia  a 
mixture  of  two  colourin^f  matters,  one  yellow,  the  other  black,  both  of  wfaidi  bowtrer 
possess  the  same  tinctorial  properties. 

Phenicine,  like  the  aniline  colours,  dyes  silk  and  wool  without  the  inteirention  of  a 
mordant.  A  piece  of  silk  or  wool  dyed  with  phenidne  acquires  a  fine  gametred 
colour  on  immersion  in  a  solution  of  chromate  of  potassium,  or  better,  of  ehromate  of 
copper  acidulated  with  sulphuric  acid.  Nitrate  of  copper  produces  the  same  effect  but 
with  less  intensity.  Cotton  mordanted  with  stannato  of  soda  or  with  tannin  easily 
absorbs  phenicine,  and  acquires  a  deep  purple  colour  on  subsequent  immernoo  in  hot 
potastic  chromate;  but  the  colour  is  changed  to  blue  by  alkalis,  and  easily  destroyed 
l)y  soap. 

Strong  nitric  acid  converts  phenidne  into  a  resinous  paste  which  dissulTea  in  am- 
monia, forming  a  brown  solution  which  dyes  silk  and  wool  somewhat  like  arehiL 
(E.  Dolfus,  BulL  Soc.  Chim.  1866,  i.  226.) 

FKXWOSO  ACSB.  C*H«0*. — An  add  isomeric  with  collinic  add  (i  108S),  pro- 
duced by  heating  a  solution  of  benzene  in  a  slight  excess  of  fuming  sulphnric  adkl  to  IQff, 
then  diluting  with  water,  and  gradually  adding  small  pieces  of  acid  potaade  ehromate. 
The  distillate  contains  phenoie  add,  partly  dinolved,  partly  floatinff  as  an  oil,  and  in 
erystals.  It  is  distinguished  from  collinic  acid  by  its  greater  solubility  in  hot  water. 
Its  silver-salt  contains  C^"AgO».    (Church,  Chem.  Soc.  J.  xiv.  52.) 

An  add  of  the  same  compodtion  and  doubtless  identical  with  the  preceding  is 
obtained  by  distilling  coal-tar  (containing  toluene,  xylene  and  pseudocnmene)  with 
dilute  nitric  acid.  This  acid  melts  at  about  60°,  but  occadonally  remains  liquid  at 
ordinary  temperatures,  espedally  when  not  quite  pure.  It  has  an  acrid  taste,  ia  header 
than  water,  mixes  in  all  proportions  with  alcohol,  is  only  slightly  soluble  in  cold  water, 
more  soluble  in  boiling  water.  From  a  saturated  hot  solution  it  separates  while  cooling 
as  a  heavy  oil  which  sometimes  solidifies  immediately.  It  is  slightly  volatile,  covering 
itsdf  with  beautiful  crystallisations  even  at  ordinaiy  temperatures.  When  boiled  whh 
water,  it  volatilises  to  a  condderable  extents  It  can  be  distiUed  j»^  se  without  deoom- 
position,  and  forms  well  crystallised  salts  with  the  alkalis.  (D  e  la  R  u  e  and  M  ii  11  e  r, 
Chem.  Soc.  J.  xiv.  64.) 

h'itronhenoicacid,  C'H\NO*)0*  is  produced  by  oxidising  nitrobenaene  with  solphurie 
arid  and  potasdc  chromate.  It  crystallises  in  nacreous  lamina,  has  a  strong  add  reaction, 
melts  without  decomposition,  dissolves  in  boiling  water,  and  yields  crystalliaable  nUts. 
(Church.) 
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C*H'0   -  *^*{0.    HudnUe  qf  rhen$i.    Phenolic  oicohoi.    Phcuic 

acid,  Carboiic  arid,  Coal-titr  crtnfoU.  (Rtiogei  Pogf.  Ann.  xxkL  69;  xjtxii  308.— 
Lfturen  t,  Ami.  Cha  Ph3rfl,[3]  lii.  195, — Williftrnflon  and  Sonic  bam.  Ch(*tii.  8oc.  J. 
TiL  23'i), — Thti  oompotind  is  contutnod  in  considrnible  quantity  in  coal-tur  (Runge^ 
Ljiur«ntX  sad  ii  ttfodtt<^d  by  the  dnr  dtvtiliation  of  salicylic  acid,  eitlier  ftlona  or  in 
contMt  with  cftiitti«  lime  or  b&rytn  (GlorhArdr,  VL^v.  icient.  x.  21U): 

CrH'O*      «      C*H«0     ^    co». 

It  w  abiO  formed  in  the  dry  disiillation  of  gnm-b«tixoin  (K  KoppX  of  thi^r^in  of 
XaHikorrhmL  kattiliSf  of  qninic  acid  (Wobler)^  uf  ehromulr'  of  peloKiixe  (Bodcker, 
p.  372X  and  is  found  in  amall  quantity  among  the  producta  obt-ujned  by  [josaiDg  tho 
vapour  of  alcohol  or  acetic  acid  through  a  red-hot  tubi  (B  e  r  t  h  e  1  o  t).  It  in  to  phenol 
that  caatoreiun  owes  tt«  peealiar  odour  (Woh  1  er).  The  urine  of  the  cow,  of  the  horse* 
and  of  man  contain  aensible  quantitiea  of  phenol  ^Stadeler,  Aon.  Ch.  Phunn.  Lzrli* 
360  ;  IzxTiL  17).  ComTneETcial  creoKtU  oft«n  oonsuitB  almofft  entirety  of  ph^ool,  but  the 
tra«  ercoaoief  obtAtned  by  the  diatilUtion  of  wood,  ic  a  totally  different  aiibfltance  ( li.  103). 

PnjpuratiofU  I.  From  Coai-iar. — The  tar  ia  dlatilled  bJl  anthracene  begins  to  paaa 
OTcr;  the  r«atilting  oil  ii  rei^tifiixi,  collecting  apart  the  portiuu  which  dijitila  over 
belwiMO  150^  and  200° ;  this  portion  is  mixed  withaatunitca  potaah-lty  and  pulrenaed 
hydrate  of  potasaium,  whereby  it  is  immediately  oonTerted  into  a  white ajstaUiBe magma; 
thb  ftubetance  is  diasolred  in  hot  water ;  the  oil  which  riaea  to  the  sumoe  is  remoTMi ; 
the  lower  alkaline  liquid  is  nentralised  with  hydrochloric  acid  ;  the  impore  hydrate  of 
phenyl,  which  riars  to  the  ettrface  as  an  oil^  ia  waahtid  with  a  little  water*  dilated  orer 
chloride  of  calcinm,  rectified  aereral  times,  and  gradually  cooled  to  «-  ICP  in  a  closed 
iTpsnel ;  and  the  rcstitting  crystals  of  purH  phenol  are  freed  from  tlie  remaining 
fluid  portion  by  inverting  the  bottle  o^'cr  uuother,  care  Wing  taken  tj>  exclade 
the  air,  which  might  gire  up  water  to  ih*-  crystals  (Laurent).  Th«  tedioua 
fractional  distillAtiona  inrolved  in  this  process  may  be  considerably  abridged  by  ioLro* 
ducing  into  the  portions  which  boil  between  166*  and  188*^,  a  ft^w  cryHtjila  of  pure 
phenol ;  a  large  portion  of  the  liquid  then  solidifies  alter  a  while  in  colourlosa 
nefdics,  whtch^  when  separated  from  the  liquid,  distil  at  164^  and  yield  a  sublimi^to  of 
pure  phenoL     (Williamson  and  Seragham,) 

Gladstone  (Chem.  Newn,  ii,  98)  recommends  placing  good  (Commercial  earboUcocid 
for  some  days  in  contact  with  a  lump  of  chloride  of  euleiuin  mni  then  kmviiitf  th«  phenol 
to  crystalliee  out  in  a  freexiug  mixture.  Ue  is  of  opinion  Ihiit  the  eresoTor  eresylie 
uteohol  likewise  present  in  crude  corboHc  acid  is  converted  into  phenol  by  contact  with 
chloride  of  calcium  or  chloride  of  zinc 

2,  From  SaJir^ik  acid, — Crystallised  salicylic  acid  ts  strongly  and  quickly  heated  in 
a  glass  retort  either  ulone  or  mixed  with  jMjundi'd  glass  or  quicklime.  Phenol  then 
paasoa  into  the  Rceirer  and  crj-stalUsee  on  cooling  ahnoet  to  the  last  drop.  The  phenol 
thoa  obtained  fippcar?  liowercr  to  differ  in  some  of  its  propertiet  fhim  that  obtained 
from  coabtar,  ioa6much  as  it  crystalHtea  more  readily  and  zeaets  somewhat  differently 
with  pentochloride  of  phoephoroa  (p.  3&0). 

lVc>p€rf»f«.— Phenol  ciystaltiaes  at  ordinary  tempera! tirea  in  long  oolourlena  needloa 
apparently  belonging  to  the  trimetric  system*  and  having  a  specific  graTity  of  1*065  at 
18^  (Laurent),  1  0627  (Scrugham),"  It  meltaat  34^— 36^  andboUsat  187*=*— 188*» 
(Laurent);  184**  (Scrugham),  The  crystaJa  of  phenol  obtained  from  coal-tar 
deliquesce  eaail^  to  an  oil  by  taking  up  a  mere  trace  of  water  (Laurent);  a  lump  of 
chloride  of  cailcmm  canaea  the  oil  to  solidify  immediately  (Gerhardt).  Phenol  pro- 
duced by  decompoaitioo  of  aaHcylic  acid  is  much  less  deliquescent  than  that  obtained 
from  cual-tir  (Watts).  Phenol  doet  not  redden  litmus.  It  smelk  like  wood-tar 
rmsotr,  anil  attackn  the  skin  like  that  aubatance.  Its  aqueous  eolation  coagtikrea 
albumen ;  it  unites  with  certain  animal  snbataneea  and  preserves  them  from  decompo- 
sition, evirn  n^moving  the  fetid  odour  firom  meat  and  other  substances  alreadv  in  a  state 
ijf  decomposition,  Fi*h  and  leechts  die  when  immersed  in  the  sqneons  somtion,  and 
their  bodies  subsequently  dry  up  on  exposure  to  the  air,  without  putrefying. 

Phenol  is  but  sf»anngly  soluble  in  tpateTf  but  dissolves  in  all  proportions  in  tikoki4^ 
if  her  Aud  strong  acvtic  acid.  When  shaken  up  with  \  pt.  of  water  snd  exjpoaed  to  a 
frmperature  of  4*=*,  it  takea  up  water  and  forms  a  hydr»te  20*H*0.H*0,  which 
crj'staUiecs  readily  in  litrge  six-sided  priHras  belonging  to  the  trlmetrie  system,  and 
melting  at  16*.     (Cnlvi^rt,  Chcm.  Soc.  J.  xviii.  66.) 

Phenol  miiy  be  distilled  without  alteration  orer  melted  phosphoric  acid,  also  orsr 
caustio  potash^  baryta,  or  lime, 

Iheom^tmU&nK — 1.  Phenol  passed  through  a  red-hot  lube  undergoes  very  little  do- 
composition,  yielding  however  a  small  qimntity  of  naphthalem'  (ITofmann),-^ 
i.  Strong  jfrr//iAffr/c  add  diikwlves  it  ^itb  grrat  rise  of  tempera (urr,  but  without  colora- 
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tion,  formingphenyl-sulphuricacid.  It  rednces  Wffvifnc  oarifo  at  the  boiKng  h««t, 
separates  metallic  Hlver  from  the  nitrate,  and  redaeea  peroxide  of  lead  to  protoxide. 
Heated  with  arsenie  acidf  it  forms  a  yellow  substance  odlad  zanthophenie  aeid. 
(F.  Fol,  B*p.  Chim.  app.  iv.  179.) 

8.  Strdne  nitric  acid  attacks  phenol  with  great  violence,  each  drop  ail  it  eomes  in 
contact  with  the  phenol,  hissing  luce  red-hot  iron  planced  into  water:  the  product  formed 
at  the  boilingheatistrinitrophenic  or  picric  acid,  OH"fN0*)H>;  alenencogetie 
reaction  produces  mono-  or  di-nitrophenic  acid  (p.  898). 

6.  Chlorine  and  bromine  likewise  act  upon  phenol,  fbnaing  ^ubatitntion-prodiicta 
possessing  add  characters  (pp.  391,  392). 

6.  When  chlorine  is  passed  into  phenol  which  is  kept  cool ;  and  the  prodaet  treated 
with  three  times  its  weight  of  strong  nitric  acid,  dinitrochlorophenic  acid, 
C«H«C1(N0*)20,  is  produced.     (Oriess,  Ann.  Ch.  Phann.  cix.  286.) 

7.  Phenol  is  scarcely,  if  at  all,  attained  by  iodine,  but  with  chloride  of  iodine  it  forms 
mono-  and  di-iodophenic  acids.  (Schiitzenberger  and  Sengen  wald,  Gompt. 
rend.  liv.  197). 

8.  Chloride  of  tkionyl^  SOCl',  acts  strongly  on  phenol  dissolved  in  ether,  eliminating 
considerable  quantities  of  hydrochloric  and  sulphurous  adds,  but  does  not  aj^pear  to 
form  any  phenylic  sulphate. 

9.  A  mixture  of  hydrochloric  add  and  potasaic  chlorate  converts  phenol,  first  into 
trichlorophenic  acid,  and  subsequently  into  perchloroquinone  or  chloranil, 
C*C\*0\    (See  Quinonb,  Dbbitatiybs  of.) 

10.  Pentachloride  of  phosphorus  conrerts  phenol  into  chloride  and  phosphate 
of  phenyL  With  phenol  nrom  coal-tar  the  products  are  chloride  of  phenyl  and  tri- 
phenylic  phosphate  (Williamson  and  Sc  rug  ham),  perhaps  thus  : 

6(C«H».H.O)  +   2Pa»     =     2C«H*a   +   P((>H»)»0*   +   PCIH)   +   6MCI; 

but  with  phenol  from  salicylic  acid,  an  acid  phosphate  is  obtained,  which  forma  salts 
with  metallic  bases,  and  probably  consists  of  diphenylic  phosphate : 

6(C«H*.H.O)  +  2PC1»     -     3C«H»C1  +  P(C«H*)«HO«   +    POTO  +   4HCL 

This  acid  phosphate  crystallises  much  more  easily  than  the  neutral  triphonyliephoephato 
(H.  Watts,  unpublished  experiments).    See  Phosphoric  Ethsbs. 

11.  With  chloride  of  benzoyl^  phenol  forms  phenylic  ben  Boat  e,  (?H*(C*H*)0' 
(i.  663). 

12.  Cyanic  acid  vapour  passed  into  perfectly  dry  phenol  converts  it  into  allo- 
phanateof  phenyl,  CH»(C*H*)N*0'',  which  crystallises  from  hot  alcohol  in 
slender,  unctuous,  taatele-ss,  inoaorous  cr^'stals,  insoluble  in  cold  water,  resolved  at  IhQP 
into  phenol  and  cyanuric  acid,  and  converted  by  alcoholic  potash  into  allophanatc  of  potas- 
sium, by  baryta-water  into  allophanate  of  barium.     (Tut tie,  Jahreab.  1867,  p.  461.) 

13.  Phenol  does  not  dissolve  in  aqueous  ammonia,  but  it  absorbs  ammonia  gas,  and  the 
solution  when  heated  in  a  sealed  tube  is  partly  converted  into  water  and  aniline: 

(yHHy   +  NH«     -     H«0   +   C«H^. 

14.  Phenol  is  attacked  hy  potassium  or  sodium,  slowly  at  first,  more  quickly  when 
aided  by  a  gentle  heat,  hycirogcn  being  evolved,  and  phcnate  of  potassium  or 
sodium  produced.     (Laurent.) 

16.  When  carbonic  anhydride  is  passed  into  pure  phenol  gently  warmed,  and  i 


is  added  by  small  portions,  hydrogen  is  evolved  and  salicylate  of  sodium  is 
•      The  •       •      •  -    - -       -    . 


formed.    The  reaction  is  the  converse  of  that  by  which  phenol  is  produced  _ 
salicylic  acid.    (Kolbe  and  Lautemann,  JahresD.  1869,  p.  309;  1860,  p.  291.) 

Phenatbs. — 1.  Metallic. — Phenol  unites  with  the  stronger  bases,  but  the  com- 
pounds are  very  unstable  and  difficult  to  obtain  in  definite  form.  Indeed  phenol  has, 
m  properties  as  well  as  in  composition,  the  character  of  an  alcohol  rather  Uian  that  of 
an  add.  It  dissolves  in  caustic  potash,  but  the  quantity  dissolved  does  not  increase  in 
proportion  to  the  quantity  of  potash  present  (Calvert,  Chem.  Soc.  J.  xviii.  68);  it 
also  dissolves  carbonate  of  pot^issium,  but  without  expelling  carbonic  add.  Phenol 
does  not  unite  with  the  acid  sulphites  of  the  alkali-metals,  and  therefore  does  not 
behave  like  an  aldehyde,  in  which  character  Gmelin  is  inclined  to  regard  it  (Htmdhook, 
xi.  146). 

Phenate  of  potassium  is  produced,  as  already  observed,  by  heating  phenol  with 
potassium ;  also  by  direct  combination  of  solid  potash  with  phenol.  The  oily  liquid 
formed  in  either  case  deposits  the  potassium-salt  on  cooling  in  white  needles  xexj 
soluble  in  alcohol,  ether,  and  water,  and  decomposed  by  miner^  acids  with  aepantion 
of  phenol     (Laurent.) 

Phcnate  of  Itarium,  C'='H"'Ba"0'.3H'O,  is  obtained  by  boiling  phenol  with  baiyta- 
water  and  evaporating  in  vacuo,  as  a  crystalline  crust  containing  42*48  per  cent  baryta. 

Phenate  of  lead,  obtained  by  boiling  phenol  with  lithai^  and  adding  a  few  drops  of 
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a[)i 


ftlcohol  to  tho  pitHlufC,  i 


while 


lajji: 


cootnioing,  noeordtog  to  Calv«rt,  i 
or  u-'ii-UD  UM^u  ii*u\  11  ii  ftUgbllj  solnUc  m  hot  idcohoK  aud  iepAi«Aas  un 
coi>Ung.  With  busic  nc«t  ate  of  lend,  pbc^l  taim»  precipiutci  of  uiict^rtHiii  componUoii. 
(Ciilrert.) 

'L  Alcoholic  Pkenatr«\  Pkrni«  KiJ^rrs. — a.  Hetki/lic  VkaiQte  or  An i»d  hM 
been  iilrpadj  d«8crib*d  under  the  latecr  imroo,  together  with  it»  bromo-  mid  nitro- 
dt^riTnliTw,  aad  thi^  bniMii  formed  hy  the  Actioa  of  reducing  Agent*  on  the  Utter 
(L  804— 306). 

^.  FJhyUc  Phenatf,  PJUwto/ or  Salith^^,  0*H'*0  -  Cnf»iCTU)0  (Cahonrii,  Ann. 
Ch,  Phjs.  [3]  xxvii.  463.— Boly,  Ann.  Ch.  rUurm.  Ixjuiu  208j.— This  compound  m 
oUained  by  the  dry  dUtiU*jtiuii  of  i»frfectly  jLuhydroits  othyl-isjdioyLitf'  of  burium,  t\w 
cjiIj  di«t{llat<^  being  jtunflL-d  by  wn^hiog  with  warm  nlkiJinc  b?y,  digr^stiuiz  with  fuMnl 
cUloridc  of  calcium,  and  recti  fixation.  It  b  a  colourlehs,  mobile  bquid,  Iightc  r  than 
water,  having  an  agreeable  aromatic  odour,  insoluble  in  water,  very  soluble  in  tikuhol 
itnd  ethiT,  boiling  ut  172^.  It  is  not  altered  by  potash.  Su/phurk  acid  cf^averia  it 
into  A  0uJpho-iuHd  formiiig  a  solable  barium-aalt*  With  cMorine  aiid  hrondne  it  {om\n 
cryHtaili«abl«  prodncta*  It  ia  strongly  attacked  by  fuming  niiHc  acid,  Uie  pro<!tieta 
Taryingin  composition  aceordlng  to  the  proportions  used;  with  a  small  quantity  of  ihi' 
acid  a  reddish -brown  oil  is  obtained,  probably  cottBisttng  of  m  o  n  o  n  i  t  r  o  p  h  e  n  e  I  o  1 ; 
but  OD  boiling  et hylic  phcmite  vrith  an  occeas  of  the  fuming  aciO^  d  i  n  1 1  roph  t^n  otol, 
r"irtNCP)*0.  is  obtained  (sec  pag^  399). 

r  A'H^lk  Phtnaic  or  Pkatamyto^  C»'H'*0  =  C^^C*H'>)0  (Cahours,  CompU 
rend,  xjodi.  61).  Obtained  by  heating  amylic  iodide  with  pota^sic  phenute  to  100^— 
120'*  in  a  sealed  tube.  It  is  a  limpid  eolourlea*  oil,  ligbti»r  tbixn  water,  luiving  a 
pleasant  aromatic  odour,  and  boi!!-  -  '  •  v  n  22**'  and  22^5'^.  It  in  attacked  with  great 
violence  by  fuming  nitric  acid,  f  ivy  o\],  whieh.  when  tri sited  with  ulcoTioIie 

iKilphide  of  ammonium,  yiebia  a  <    .   •  i  base  (amyl-uitropheuidinc,  or  nilro-pben- 

amyliiUne)  capable  of  forming  ct7Ht<aUijuiUeBaItJ.  Phenamylol  di*4<olreg  in  liulpniiric 
acid,  forming  a  red  liquid,  which  gives  no  precipitate  with  wat*.T,  but  forma  a  crystal- 
lisiil>lf  bimuni-saU. 

yssaroii,  ttW^X^^TTVms  of.  One,  two,  or  three  of  the  hydrogen- 
atoms  in  phenol  m^y  be  repjucod  by  bnjminc,  chlorine,  iodine,  or  nitryl,  forming 
compounds  which  have  moro  and  more  of  an  acid  character  as  thcbubatitution  i*t  more 
complete* 

1.  BromephenoU  or  Br^mophente  Acid*, 

Moiiobrom<»|»1ic]ilc  aeld.  CH'BrO.  Bromophm as /c  aad  ( C  a  h  o  u  r  ^  A  n n.  Cli . 
Phyw.  \:i\  xii.  K^iK— Obtained,  as  a  culotirl<i4S  oil,  by  diftlilling  bromosalicy lie  acid 
with  a  inijituro  of  Kundi  and  carlM/nute  of  barium. 

DlbFomoplieiilo  acid.  C'H*Br*0.  Bmmophtnrtie  add. — Obtained  in  like 
manner  from  di  bromosaiieylic  acid,  as  an  oil  which  crystallises  on  cooling.  (Ga  h  o  U  r  s, 
toe.  cit.) 

THbromoplietile  a^d.  OH'Br'O,  BromopJutttHk  or  Bromindopiic  acid^ 
(Laurent,  Ann.  Ch.  I*hys.  [3]  iii.  211, — Erdmann,  J,  pr*  Cbem.  xxii.  272. — 
Cahours,  I*k\  rr7,|.=- Phenol  immcreod  in  excens  of  bromine  becomea  strongly  heat^Hl, 
gives  off  bydrobrumtc  acid,  and  solidilos  oji  cooling  to  a  brown  maas,  which  muKt  b« 
boiled  with  water  and  ammonia]  the  soltitjon  subsequently  filtered  fn^ni  a  ttmall 
quantity  of  brown  matter,  and  decomposed  by  hydrochloric  acid;  and  the  thick  p«»- 
eipitate  of  tribromophentc  acid  washed  on  a  filter  (Laurent). — ^2*  Tribromcwalicyltti 
acid,  ditiiilfe<l  two  or  three  times  with  fine  sand  and  a  smnll  quantity  of  baryta*  also 
yields  trihnnnophenic  ncid  (Cfthourti).— 3.  When  indigo  ij*  drr;omp>sed  by  bromin**- 
watcr  iind  the  prcwluct  subsequently  dihtillcd  with  potash,  brouumiline  paases  over,  and 
tribromophenic  acid  remains  behind.     (Erdmann.) 

Tribromophenic  acid  crystallises  by  fusion  or  sublimation,  or  frt>m  (solution,  in  deli- 
cate* whit*  needU's,  or  right  rhombic  pribms,  having  the  acute  latend  edge*  truncated. 


1 16'-'.  It  is  fusiblr,  crystallises  on  cooling,  and 
n  ;  snielLn  lik<*  trichlorotibenic  acid.  It  is  some* 
ftcr.  When  boil*^  witn  tutrk  acid,  it  forms  at 
liAapi'^ani,  and  on  ev«j:»oTation,  crystals  of  picric 


Angle  »P:  »P^  128^;    obP 
may  be  dLstilled  without  d» 
what  less  solubb'  in  aUoful 
first  a  reddish  resin,  which  ^ 
aeid  lire  obtained. 

The  tfiLiromophen<iii 
brttmide,  and  give  off  tribromopheoic  acid  (?). 

The  ammoniiOH-mti  irystalli&es  in  nei^dles.  Its  iMdiition  forms  wiiH  concentrated 
chloride  oi  fmriittn  at  cblorid''  of  gtronttttm,  a  precipitate  I'omiHiHod  of  neiMlJcj^ :  with 
nt^titrat  natatt  of  Irad,  a  white  precipitate ;  witn  rupr/v  tuyttifr,  a  nvl-biMwn  precipi* 
(ate,  soluble  in  alcohol ;  and  with  nitraU  of*ilvfr^  an  urangf-yciKtW  pl^eeipllMle. 

Sidtelnttce  immcrk  nith  tribron^phrnk  actd,^-A  concent rutetl  aqueous  t^olution  of 


a!*Hl    to  redne{is,  generally  leave  a  metallic 
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salicylate  of  potastfium,  mixed  with  a  small  quantity  of  potash,  and  then  witli^  a  lug* 
quantity  of  bromine,  becomes  heated  and  decolorised,  gives  off  carbonic  anhydride,  and 
soon  deposits  a  kermcs-browu  sabstance,  which  is  insoluble  in  water,  ammonia,  cold 
potash,  and  alcohol,  but  dissolves  with  extreme  facility  in  ether;  it  contains,  after 
washing  and  drying,  22*  19  per  cent  C,  71'8  Br,  and  0*88  H;  and,  when  heated,  giTes 
off  white  Tapours,  which  condense  into  delicate  white  needles  of  tribromopliemc  aod. 
(Cahonrs,  Ann.  Chim.  Phys.  [3]  ziiL  43.) 

2.  CklorophenoU  or  Cklorophenic  Adds. 

IMobloroplMiilo  aeld.  C^^Cl'O.  Dichlorocarbolic  acid,  Chlaropkenesie  acid. 
(Laurent,  Ann.  Ch.  Phys.  [2]  Ixiii.  27 ;  [3]  iii.  210.)— This  add  is  produced:  1.  By 
the  comparatively  feeble  action  of  chlorine  on  phenoL — 2.  By  distilling  dichloroaalicylie 
acid  with  fine  sand  and  a  small  quantity  of  lime  or  baryta.  It  may  be  pirepuvd 
from  the  impiuw  phenol  which  posses  over  between  170°  and  200®  in  the  rectification 
of  coal-tar  naphtha.  For  this  purpose  chlorine  is  passed  through  the  yellowish  ofly 
distillate  for  a  day,  and  the  liquid,  cooled  to  — 10®,  is  strained  through  linen  to  separate 
the  naphthalene  which  has  crystallised  out :  chlorine  is  then  again  passed  for  two  days 
through  the  liquid,  which  is  then  cooled  to  0®,  decanted  from  czystallised  hydrochlonte 
of  dichloronaphthalene,  and  distilled  (whereupon  it  froths  up  considerably,  ffiring  off  a 
large  quantity  of  chlorine,  and  afterwards  hydrochloric  acid)  till  the  thick  buudLresidne 
exhibits  considerable  intumescence  (tetrachloronaphthalene  then  subliming  in  needles^ ; 
the  distillate  is  shaken  up  in  a  bottle  with  oil  of  vitriol  as  long  as  hydrochlorie  aeid 
continues  to  escape ;  the  rose-coloured  oil  of  vitriol  (which  deposits  a  stinking  snbstanee 
when  neutralised),  is  removed  by  a  syphon ;  the  remaining  oil  is  washed  with  a  largp 
quantity  of  water,  and  mixed  in  the  flask  with  ammonia^  with  which  it  solidifies  com- 
pletely into  a  white  mass,  with  slight  rise  of  temperature ;  this  mass  is  bofled  with 
water;  the  solution  decanted  hot  from  a  brown  oil,  which  is  again  to  be  treated  with 
ammonia,  and  then  with  hot  water  to  remove  the  acids  com|^etely ;  the  hot  filtered 
aqueous  solutions,  containing  di-  and  trichlorophennte  of  ammonium,  are  mixed  by  drops 
with  dilute  nitric  acid  till  a  slight  turbidity  is  produced ;  the  liquid  is  filtered  mm  the 
red-brown  precipitate ;  the  filtrate  precipitated  with  a  slight  excess  of  nitric  acid ;  the 
white  precipitate,  which  is  gelatinous  at  first,  but  afterwards  curdy,  and  oonsists  of  fine 
needles,  collected  on  a  filter,  and  distilled  after  washing,  pressing,  and  drying;  and  the 
distillate  boiled  with  a  slight  excess  of  aqueous  carbonate  of  sodium,  which  leaves  behind 
the  oily  dichlorophcnic  acid,  while  the  cr}'^8tailine  trichlorophenic  acid  is  precipitated 
from  the  filtrate  by  nitric  acid,  and  purified  by  distillation.     (Laurent.) 

Dichlorophenic  add  is  an  oil  which  volatilises  without  residue,  has  a  peculiar  odour, 
is  insoluble  in  tPcUfr,  but  dissolves  veiy  easily  in  alcohol  and  ctker.  With  aqaeoos 
ammonia  it  immediately  solidifies  into  a  crystalline  mass,  which,  however,  on  ex- 
posure to  the  air,  gives  off  ammonia  and  becomes  oily,  but  solidifies  when  again  treated 
with  ammonia.    The  solid  salt  is  soluble  in  water. 

THcmoropbenlc  acid.  C«H'C1*0.  Trichlorocarbolic,  Chloropkcnisic  or  Cklo- 
rindopUc  acid,  (Laurent,  Ann.  Ch.  Phys.  [2]  Ixiii.  27 ;  [3]  iiL  497.)— This  acid  is 
formoid  by  the  action  of  chlorine  on  phenol  or  dichlorophenic  add ;  of  chlorine  in 
presence  of  water,  on  indigo,  aniline,  and  saligenin ;  and  of  a  mixture  of  hydrochloric 
acid  and  potassic  chlorate,  continued  for  a  short  time  only,  on  phenoL 

It  may  be  prepared :  1.  From  coal-tar  naphtha^  either  by  the  method  just  described 
with  reference  to  dichlorophenic  acid,  or  better,  by  repeatedly  distilling  the  oommerdal 
oil  obtained  from  coal-tar,  collecting  apart  the  portion  which  boils  between  170^  and 
190^ ;  separating  it  out  from  the  naphthalene  which  crystallises  out  in  the  cold ; 
passing  chlorine  gas  through  it  for  a  day  or  two  according  to  the  quantity ;  distilling  it 
till  noming  but  a  carbonaceous  residue  is  left  (whereupon  hydrochloric  add  is  given  off  and 
a  very  offensive  odour  emitted),  the  recdver  being  changed  at  certain  stages  of  the  pro- 
cess, and  the  first  and  last  portions  of  the  distillate  set  aside ;  passing  chlorine  thiM>agfa 
the  middle  distillate  till  it  solidifies  into  a  crystalline  paste ;  purifymg  this  mass  ftSat 
adhering  oil  by  roreading  it  on  paper  and  pressing  it ;  dissolving  the  crystalline  mass — 
which,  besides  the  trichlorophenic  add,  likewise  contains  a  little  oil  a^  cryatalline 
chloralbin  (C*C1'H*) — in  boiling  water  containing  ammonia;  filtering;  dissolving  in 
water  the  trichlorophenate  of  ammonium  which  has  crystallised  out  on  cooling ;  pi'^ng 
the  solution  with  hydrochloric  add  to  precipitate  the  trichlorophenic  acid ;  and  puri- 
fying this  product  uy  washing,  drying,  and  distillation.    (Laurent.) 

2.  From  Saligenin. — When  chlorine  gas  is  passed  through  an  aqueous  solution  of 
sali^in,  the  bottle  being  frequently  dosed  and  shaken,  the  liquid  immediately  becomes 
turind,  then  deponts  a  yellow,  afterwards  reddish,  and  finally  omnge-yellow  crystalline 
resia,  and  a  white,  bulky,  crystalline  prednitate.  To  free  the  entire  pr^ipitate  from 
a  dosely  adhering  reddish  oil,  it  is  distilled  three  or  four  times  with  oil  of  vitriol,  which 
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CAfboiibes  the  oil,  with  evoluHnti  of  Bulpburvut  utid  hydrocUlonc!  add«,  aud  ullliuaU^ljr 
pure  tfirhlorophenic  Acid  diKtiU  over.     (,PiriM«) 

Frcm  l«diffo,~-VfUi'n  cUloriiie-gtiB  b  p«9K«i  iKiw«gh  witer  in  whicb  indigo  is 
miif ponded,  aod  the  yeUowinh-ivd  miignia  ji  disliUcHi  with  cohobitigu  of  the  wutcr^ 
diitilUte,  a  cTjrKtaUitie  »ubUm*t0  in  obtained,  ooojiistiiig  of  trichloninUiiic  and  tri- 
rhiorophfnio  ftctd ;  and  wh«n  thitf  mixtttiv  b  dittill«d  with  potjuh,  Uio  tiichbm* 
iiiliue  jtofiiwis  over,  whilo  <TytftiilUied  thehloropikMiato  of  poCaoiiiiiB  feniuiii  behind, 
iiitx(Hl  vrilh  free  poUsh.  Thia  rtddao  is  pcoBiied,  expOied  to  the  cnrboiiiti  acid  in  the 
tfir,  di«aolvcd  in  lh«  eniallc«rt  poMibU*  qtuintity  of  boiling  alcohol,  and  l«lt  toeiyi^ltM) 
lifter  Eltration  ;  nod  from  the  Aqutx>ua  sulutioo  of  the  cttpilkrj  crjrutali  thus  oblaiiiH), 
the  trichlort aphonic  acid  in  precimtMt«d  by  acida.     (Erdmann.) 

Trichlorophi-nic  acid  crystallian  fh>m  solntioii — ^beat  from  rock-oil^-or  by  finblimu- 
tion,  in  very  tilender  Bilky  needled  or  in  right  rhombic  prtsma^  generuUy  exhibiting  the 
combination  «>P  .  »I*«  .  oP.  Angf©  ccP  :  ocP  -  1 10^;  »P  :  ooI'qo  «  lih'^. 
It  melta  at  44°  f  La  u  r  e  o  t) ;  58^  (P  i  r  i  a),  and  solidifies  on  cooling  to  a  radiated  mass  of 
needles.  It  boilB  at  250**  and  diatiU  without  alteration-  It  has  a,  very  penetrating  and 
penistent  odoiir,  and  is  easily  set  on  lire,  burning  niih  a  greenM^dged  smoky  tlame  and 
emitting  hydrocMoric  ncid  vapours.  It  is  insoluble  or  n<^y  so  in  wait-r,  but  JiMiu>Ives 
in  all  proportions  in  tdcohul mA  ttker ;  it  dissokes  ako  in  oiU^  both  fat  tiud  volatile; 
caKJly  hLko  in  wnrmfmninff  ttdphurie  tteid^  with  which  it  solidifies  to  a  mnus  of  ucf'dlf'a 
on  cooli  ng.  Boiling  n  itric  ociaconrtrtB  it  into  a  reddinh  substance  i  called  chlorofiUrnf/t 
by  Lanrtnt  and  containing  37'8  per  oenL  C,  1  92  H,  and  54  3  Cl)^  which  becomes 
cry eital line  by  prolonged  ebullition,  Trtcldorophcnic  acid  heated  with  cMl&raU  o/ 
poiti39tum  and  hydrochloric  add  is  conveit^Hi  into  perchloroqninoao  or  cldoranil : 

cni»cro    +    ci*    +    0     -     ch:\*o    +    ana 

The  tricblt>rophenatefl  give  off  triclilorophenic  acid  by  dry  difitillHtimj,  leannjy 
a  nii-tallic  ehloriile  and  charcoal.  They  bum  with  a  smoky  green-edgetl  flume.  Nitric 
acid  added  to  these  solutions,  throws  down  the  trichlorophenic  acid  in  the  form  of  a 
bulky  mass.     (Laurent) 

Ammoniumsali. — The  eolution  of  the  add  in  aqueous  ammonia,  yields  ne^xiles  whieh 
have  a  slight  alkaline  reaction,  and  sublime  completely  when  exposed  to  the  heat  of  the 
t»\in,  but  bv  dipr  distillation  in  a  Mort,  are  partially  resolved  into  nitropn,  ammonia. 
iriohliQfophenic  aeid,  dichlorophenie  acid^  and  sal-ammoniac.  The  salt  diaaolYes  veiy 
wouiiigly  in  oold,  veiy  eaatly  in  hoi  water,  or  in  water  containing  alcohol  (Laurent). 
The  pntauium  and  ^odinm^sattt  form  very  ulender  needles. 

The  bariuM^Aall  is  obtained  as  a  white  geldtinous  precipitate  on  mixing  a  conciMi- 
tnitedNuIntion  of  the  ammonitim^salt  with  chloride  of  bariam.^  Dilute  feolntions  yield 
no  precipitate,  but  if  both  solutions  are  boiling  and  concentrated,  the  trichlorophenato 
of  harinm  separates  in  long  needles. 

The  ammonium-siiU  throws  down  from  concentrated  (not  from  dilate)  rtolutionti  of 
ckhride  of  cnhium^  and  likewise  of  o/um,  a  white  jelly ;  it  preeipitates  nnttrul  acttuie 
of  lend  and  f(rrom-wilu^  white; /<:rr/c  salU^  reddii»h ;  cof)ali*$aiU^  reddish;  nickd' 
stiiU^  greenish  ;  cupHc  ^ttlts,  brown-red  (dark  purpk*  violet,  according  to  Enlmann  and 
HofinannX  the  precipitate  dinsolnng  with  brown  colour  in  hot  alcohol,  and  eiystalliaing 
on  cooling  in  brown,  shining,  oblique  rectangular  prisms;  mercMfm*  nitratft  while, 
accortling  to  Erdmann ;  fntrcuric  chloride,  y el lowuh* white,  curdy ;  and  nitrate  »/ 
sticwr,  lemon -yellowish.  The  silrer^nalt  thus  obtained  has  the  composition  CH^AgClH). 
(Laurent.) 

Vsnta^bloroplieDlc  nctd.  CHCl^O.  Ptrehl&rophenk^  Pcrcklorocarholii\  Chlofv 
phrntmc  or  CM&rinnkd  Chiorinda^ttc  acid.  (Erdmann,  J.  pr.  Chem.  xxii.  272* — 
Laurent,  Ann.  Ch.  Phm  [31  iii*  497.)^Produced  by  the  action  of  chlorine  on  an 
aleoholic  solution  of  trichlorophento  acid,  chlorisatin,  or  dichlorisatin  (iil  4Q6,  409). 
To  prepare  it,  chlorine  is  passed  into  boiling  alcohol  of  80  per  cent,  containing  cblori- 
satin  or  dtchlorisatin  in  suspension  or  solution,  till  the  thick  oily  precipitate  thereby 
produced  no  longer  increases.  This  ppedpitate  is  watihed  with  water  (to  extract  »iii- 
iimmoniac),  and  exhausted  when  cold  with  alcohol*  which  leaires  nndisjiolved  Ihf'  greater 
jk;irt  of  the  pcrchlopoquinono  (chlomnLl)  formed  at  the  same  time;  the  aJcoholie 
wlution  is  mixed  with  water  which  throws  down  a  resinous  sulwtanee.  and  tfiis  prit'ipi- 
taie  is  dissolved  in  hot  caustic  potash.  The  solution  thus  obtained  deposits  on  cooling, 
crystals  of  polassic  p^ntacblorophenate,  which  is  purified  by  r^scrysfaJHsing  it  several 
times  from  po(ash,  wherein  it  is  but  slightly  soluble. 

Pentachlorophenic  acid  precipitated  from  the  potassiom-salt  by  hydrochloric  add 
forms  white  fiocks,  which  when  dissolved  in  rock  oil,  septirate  in  right  rhombic  prismK, 
truncated  on  the  aciiCe  lateml  edgPM.  Angle  xP  :  ce^P  =  iilKinL  llo**.  ft  is  hw* 
fusible  and  less  voklile  ihan  trichlorophcnic  acid,  but  may  be  sublimed  in  long  nctdles 
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by  dibtillation  with  water.    Ita  odour  is  like  that  of  triehlorophenic  adid,  but  mow 
agreeable. 

Pentachlorophenate  of  Ammonium  forms  groups  of  laminte,  sparingly  eolable  in  water. 
The  poUusiumrsait  crystaUises  in  needles  or  rhombic  prisms.  The  solation  doe*  not 
precipitate  the  salt  of  calcium  or  magnesium  ;  but  fbrms  a  white  floccnleDt  precipitate 
with  chloride  of  barium  ;  brownish-white  with  iron-salts  ;  reddish  with  nitrate  of  cobaU; 
greenish  with  nitrate  of  nickel ;  dark  violet-purple  with  cupric  sulphate;  white  floeeo- 
lent  with  mercuric  nitrate  or  chloride;  yrllow  with  nitrate  of  silvtr.  The  lolTer-salt 
thus  formed  contains  C*AgCl*0. 

3.  lodophenols  or  lodophenic  Acids. 

The  mono-  and  di-iodated  compounds  are  produced,  with  copious  evolatioii  of  hT- 
drochloric  acid,  by  the  action  of  chloride  of  ludine  on  phenol.  The  Bolntlon  of  toe 
ruidue  in  soda- ley  yields,  on  addition  of  hydrochloric  acid,  a  grayish- whit«  jiscid  body 
which  when  heated  under  the  ordinary  atmospheric  pressure,  is  resolved  into  a  laige 
quantity  of  iodine  and  rosolic  acid,  but  when  distilled  iu  a  vacuum,  yields  liquid  mono- 
and  di-iodopbenol  containing  a  small  quantity  of  rosolic  acid. 

MonO'iodophenol,  C*H*IO,  is  colourless,  syrupy,  insoluble  in  water,  soluble  in 
alcohol  and  ethtr^  and  forms  with  alkalis,  crystallisable  salts  which  are  soluble  in  pure 
water,  but  insoluble  in  strong  potash-ley. 

Di'iodophcnol,  CH^I'O,  is  a  colourless  solid,  which  melta at  about  110^,  diasolres 
sparingly  in  water,  and  crystallises  from  hot  dilute  alcohol  in  slender  flattened  needles. 
It  dissolves  in  alcohol,  ether,  and  alktUis,  forming  with  the  latter,  compouDds  which  are 
soluble  in  water,  but  insoluble  in  strong  potash-ley.  When  heated  it  gives  off  iodine 
and  leaves  rosolic  acid.  (Schiitzenberger  and  Sengenwald,  Compt.  rend.liv.  197.) 

4.  Nitrophenols  or  Niirophenic  Acids. 

Sritropbenic  acid,  C«H\NO'^)0.  Nitrocarbolic acid.  (Hofmann,Ann.  Ch.Pharro. 
Ixxv.  358;  ciii.  247. — Fritzsche,  Petersb.  Acad.  Bull.  xvi.  11;  J.  pr.  Chem.  baiii. 
293;  Jabresb.  1857,  p.  453.) — This  add  is  produced  by  the  action  of  nitric  acid  on 
phenol,  and  by  that  of  nitrous  acid  upon  aniline.  When  nitric  oxido  gas  is  passed  into 
a  solution  of  aniline  in  strong  nitric  acid,  a  brown  resinous  mixture  is  formed  con- 
taining crystalline  nitrophcnie  acid,  a  bruwn  amorphous  substance,  and  a  trace  of 
phenoE  Nitrophenic  acid  is  also  obtained  in  small  quantity  by  distilling  aniline  with 
dilute  nitric  acid.     (Hofmann.) 

Preparation  from  Phenol. — To  obtain  nitrophenic  acid  firee  from  di-  and  trinitiophenic 
acids,  the  action  of  the  nitric  acid  must  be  carefully  regulated.  For  this  purpose 
Hofmann  mixes  phenol  and  the  strongest  nitric  acid  by  small  quantities,  keeping  the 
whole  well  cooled  by  a  freezing  mixture ;  then  adds  water,  and  distib  the  r^mtint; 
mixture  of  water,  oil  and  resin ;  or  he  distils  a  homogeneous  mixture  of  phenol  and 
water  with  ordinary  nitric  acid,  whereupon  the  liquid  suddenly  turns  brown,  a  resin 
separates  from  it,  and  yellow  drops  of  nitrophenic  acid  pass  ove.  with  the  watery 
distillate  and  soon  solidify  in  the  crystalline  form.  Fritzsche  dissolves  2  pts.  of 
pure  phenol  in  100  pts.  boiling  water,  adds  3  pts.  of  fuming  nitric  acid  of  specific 
gravity  1*51,  and  distils.  At  first  the  nitrophenic  acid  acid  passes  over  in  oily  dix>|w 
which  ultimately  solidify;  afterwards  as  an  aqueous  solution,  the  first  portions  of  which 
deposit  needle-shaped  crystals  of  nitrophenic  acid  when  cooled  to  0°.  The  nitrophenic 
acid  separated  from  the  accompanying  liquid  is  purified  by  redistillation  with  water 
and  recrystallisation  from  alcohol  and  ether. 

Properties.^yitTo^henic  add  crystallises  in  prisms  of  132^  49*,  and  47°  11',  having 
their  acute  and  obtuse  edges  much  truncated,  but  whether  they  are  tiimetric  or  mono- 
clinic  could  not  be  determined,  on  account  of  the  imperfect  development  of  the  ter- 
minal faces  (Kokscharow,  Petersb.  Acad.  BulL  xni.  273).  It  has  a  light  yellow 
colour,  an  aromatic  not  unpleasant  odour,  and  sweet  aromatic  taste ;  melts  at  42°,  and 
solidifies  again  at  26°  (H  o  f  ra  a  n  n) ;  melts  at  45^,  and  solidifies  at  the  same  tempentuie 
(Fritzsche);  boils  at  216^'  (HofmannX  at  214^'  (Fritzsche).  It  dissolves  easily 
in  a/cohol  and  ether  (Hofmann,  Fritzsche),  and  separates  therefrom  by  slow  evap- 
oration in  yellow  needles  (Hofmann);  sparingly  in  water  (Hofmann),  sparingly  in 
cold,  more  easily  in  hot  water  (Fritzsche)  ;  easily  in  benzene  and  sulphide  of  carbon 
(Fritzsche).  The  solutions  have  an  acid  reaction.  By  sulphuric  acid  it  is  converted, 
slowly  when  dissolved  in  ammonia,  easily  when  dissolved  in  potash  or  sodii,  into  ami- 
dophenol,  C«H»(NH«)0.     (Hofmann.) 

The  nitrophenates  are  scarlet  or  orange-coloured  according  to  the  quantity  of 
water  which  they  contain. 

The  ammonium-salt  separates  on  cooling  from  a  solution  of  nitrophenic  acitl  in 
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iqtteooi  ammoiiia,  in  onukgr^ytlliiw  Umiijiir  ciyntiUit,  wlaeh  qoickly  give  oflT  nmroottiji 
^v«D  irh«n  pxposed  to  thf*  air  in  tb«  muttit  ftt»l«.  The  dry  salt  bmore  eauily  pr^pttrcd 
bjT  pftttiDg  dry  ammonia^gHe  into  an  f^tbere&l  iolution  of  nicrophenic  acid,  wh^uieupoti 
il  aefMUKlea  in  Iwamtmr  crj9t»\»,  which,  idter  being  qnickly  wnshea  with  ether  and  pre»s4*d 
b«tir««ii piper, may  be  preserved  in  a  well-doaed  ytsael (Fritzachc),  The  piAas* t urn* 
soli  i«  oDtauied  by  diMohiog  an  excofw  of  oitrophcuic  acid  in  &  solution  of  caui»ric 
poUah  in  aloohoL  oi  90  percent  and  ciystallisee  from  the  concentrated  liquid  on  cooling 
m  flat  orange-red  oystala  oontainiog  2eH«K(N0-)0.H'0 ;  bptwoen  12(»*^  and  130^ 
they  giTe  off  th#tr  water  and  turn  r^.  The  aame  mII  may  be  obtitini'd  in  orange 
coloiir^d  ne«<d]ea  by  the  pcoeeiM  gireo  by  Hofinasn  tot  the  preparaiioa  of  the  aodiuni- 
aaJt  (Fri ii ae  he).  The  sodtuMr-^^t,  O'E^NaCNO^P,  is  obtained  in  Mi&rlet  cr)  «udf«  by 
jwktiJag  soda  in  cxoew  to  nitn>ph«nic  ndd,  exposing  the  compound  to  the  air  till  all  the 
firee  aodii  ia  oonyerted  into  earbonAie,  ana  recrystalltaing  Crooi  abaolnte  alcohoL 
(Hofmanti,  Frit£fiche.) 

The  harium-mili,  C"H''Ba''(NO*)"0*,  tepamtes  in  scarkt  tabulap  CTjetalf  on  boiling 
baryta-wat<«r  with  excen  of  nitrophenic  acid  till  the  txceaa  ie  driven  oif,  and  1«it- 
ing  th**  ftltmte  to  cool  (FritEscne). — The  strtmtium-^aft  prepared  in  like  manner 
t  -  -  cr^^colonred  needles  oonUiiiiug  C"H"SrXNO»)*0*,3H^  (Fritiechc?).— The 
'  cry«talli»es  in  orango-oolonmi  needles,  C'-H*Ca''(NO*f  0-.H*0,  or  pkteu, 
(.  N0»)*0','ltt'O,  which  torn  twl  when  dohydr&!i?d,     (FritJEScho.) 

JUa^HfSiaiA'^aii, — Magnefda  boiled  with  nitrophenic  acid  formi  a  red  iKitulion 
which  dc'positB  needle-'shaped  crystals.  Nitrophonic  mnd  tH^Ucd  with  carbonate  of  mn^* 
Hiffiiimi  expels  only  a  portion  of  the  carbonic  acid.     (Fritzache,) 

The  soluble  mtropoenaies  form  orange-red  precipitates  with  aceiaie  of  had  And 
mercuric  ckU/ridt  (Hof  mann).  The  pkrecipit^Ues  formed  in  solntlons  of  nitrophenat«a 
by  Wac,  ccfpct^  and  Uad-mlU  qnickJy  decompoi^e,  with  sepazation  of  nitrophenic  acid* 
(S>ttasebe.) 

Sihfir-$att,  C*H'Ag(NO*)0. — Orange-red  precipitate,  gelatinous  and  difficult  to  wwih 
(Hof  mann).  Kitzat4»  of  silTar  added  to  a  concentrated  solution  of  a  nitropheniito 
forms  ti  deep  orao£€>*red  pn>cipitiite  which  at  iirst  consists  of  microscopic  needles,  but  in 
confact  with  the  liquid  soon  changes  to  a  powder  consisting  of  thick  crystals,  A  diluto 
solution  of  fiilver^nitrate  mixed  with  a  solution  of  nitrophenic  acid  in  a  slight  excess  of 
ammonia,  deposits  at  first  long  needles  of  a  deep  red  colour,  between  which  onnge* 
cobured  OTstala  giadvally  fbnn,  ajid  ultimately  Uio  entire  deposit  changes  to  a  mass 
of  granular  Gfystala.    The  salt  ia  anhydraos  in  both  forms.    (Fr  i  t  z  s  c  h  e). 

Ktkylic  nitropktnate  or  Nitropheneloi,  C*H*(C^H*)(NO')0,  is  prepnivd 
hy  decompofiing  the  SLlver-satt  with  cthylic  iodide,  exhaunting  with  ether,  eraporaiting 
the  ethereal  extract,  and  distilling  the  residual  brown  oily  liquid.  It  then  passea  over 
as  a  neurly  inodorous  wine-yellow  lii^uid,  insoluble  in  water,  easily  soluble  in  alcohol 
and  ether,  slowly  decomposed  by  boiling  with  potash  (Fritssche).  The  sumo  com* 
ptmnd  appears  to  be  formed,  together  with  ethylic  ditiitrophenate  or  dinttrophen^tol 
(p  390),  when  othylic  phenatc  is  treated  with  faming  nitric  add.     (Cahoufii) 

Xsonltropbeiilo  aclA.  C*n\NO«)0.  (Fritssche,  PetersK  A(Sid.Buaxni.  1*5; 
J.  pr.  Chem.  Ixxv.  257  ;  Jiibreab.  18.58^  p.  407.) — Tlus  acid,  which  has  the  S4me  com- 
position iia  nitrophenic  acid,  but  diflt'Ts  from  it  in  its  properties  and  in  the  constitution 
uf  iU  friiltii,  19  proJuct'd,  siniultiinf»on^ly  with  nitrophenic  acT<l,  in  the  first  stage  of  the 
action  of  nitric  acid  on  aqu<*oii9  phenoL  It  is  found  tn  the  residue  left  after  tJio  nitro- 
phenic add  has  been  distilleti  off;  but  in  ordpr  to  obtain  it  from  this  re^iiduft,  it  is  im- 
portant to  ensure  the  absence  of  dimtruphenic  acid*  imd  therefore  not  to  use  an  axceaa 
of  nitric  acid.  Fritjsche  therefore  dissolves  4  pts,  of  phenol  in  100  pts.  of  hot  wat^, 
adds  6  pta.  fuming  nitric  acid  of  specific  gravity  I '5 1,  previously  diluted  with  20  pts.  of 
water,  and  distils  off  abont  a  third  or  half  of  the  mixture.  The  distillate  contains  a 
Inrge  quantity  of  nitrophenie  acid;  the  residue  is  free  from  dinitiophenic  acid,  and 
coni»i»ti4  of  a  dark  brown  resinous  bo.ly,  which  for  the  most  part  adheres  closely  to  tho 
sides  of  the  retort,  and  a  yellow  liquid  which  separates  in  oily  drops  on  cooling.  This 
liquid*  together  with  the  solution  obtained  by  boiling  the  nwinons  mass  with  wat^r,  is 
filti'red  hot,  and  immodiatelv  supersaturHted  with  eaustie  soda,  in  which  isonitro- 
phenatfl  of  sodiura  is  insoluble.  This  sodium-salt,  which  separates  on  cooling  ss  a 
yellow  crystiLlline  piowder,  is  soparated  from  the  liquid  by  filtrution  throogh  pounded 
ghusfl,  washed  M-ith  a  little  soda^fey,  and  crj'StalHsed  &om  the  smallest  possible  quantity 
of  boiling  water,  from  which  it  separates  on  cooling  in  prismatic  or  tabular  crystals. 
To  isolate  the  itfonitrophenic  add,  a  solution  of  the  sodium-aalt,  saturated  at  mcau 
tempemture,  is  mixed  with  hydrochloric  acid  at  the  tempemtnre  of  ulK>ut  40*',  till  the 
previously  yellow  liquid  has  become  colourlet<s :  the  add  then  B#»pMrdte8  on  cooling, 
first  in  oily  drop»*,  aftcrwHrds  in  slender  needles.  To  purify  it  by  ivcryHtiillisation.  it 
must  be  dietsoked  in  water  not  hotter  than  40^,  since  at  higher  temperatures  u  portion 
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of  the  Hcid  separates  in  the  Uquid  state,  and  usually  with  a  yeUowish-red  oolour,  idiich 
it  retains  eren  after  solidifying. 

ProperUes, — Isonitropbenic  acid  czystaUises  from  its  pore  aqueous  aolntion  in  alendcr 
coloarless  needles;  but  by  spontaneous  evaporation  of  an  ethereal  solution,  it  may  be 
obtained  in  larger  crystals  which  assume  a  yellowish-red  colour  on  expoanre  to  ught 
and  air.  These  two  forms  are  distinguished  by  Fritssche  as  the  colourieM  and  the 
coloured  modification.  The  acid  is  not,  howerer,  dimorphous ;  for,  according  to  Kok- 
seharow,  both  fiomisare  monodinic,  and  haye  their  pnucipal  axis  elinodiagonal  and 
orthodiagonal  in  the  same  ratio,  viz.  as  1*0338  :  1  :  1*6094,  and  the  two  former  axes 
inclined  at  an  angle  uf  76°  37'.  The  crystals  of  the  coloured  modification  exhibit  the 
combination  oP  .  +  P  .  ooPj^  .  odPqo  ,  while  the  needle-shaped  crystala  of  the  colour- 
less  modification  exhibit  at  the  ends  only  the  face  |P. 

Isonitropbenic  acid  is  inodorous,  has  a  sweetish  taste,  with  burning  after-taste.  It 
dissolves  very  easily  in  alcohol ;  the  solution  becomes  milky  on  addition  of  water,  and 
the  Hcid  which  gradually  collects  together,  remains  liquid  for  days,  if  only  a  small 
quantity  of  water  has  been  added.  In  the  dry  state  it  melts  at  about  1 10° ;  under 
water  between  48^  and  60°.  At  a  stronger  heat,  it  boils  and  passes  over  for  the  most 
part  undeoomposed ;  it  volatilises  perceptibly,  however,  at  lower  temperatnres,  eren 
below  its  melting  point,  also  with  aqueous  vapour  when  boiled  with  water.  It  is 
scarcely  attacked  by  strong  sulphuric  acid,  even  after  prolonged  boiling.  When  it  is 
treated  with  tnm  jUinga  and  dilute  acetic  acid,  a  violent  action  takes  place,  and  a 
dark  brown  sparingly  soluble  iron-salt  is  formed,  containing  a  peculiar  acid  not  yet 
examined. 

Isonitrophenates. — Isonitropbenic  acid  is  a  weak  add ;  it  expels  carbonic  add 
from  the  carbonates  of  the  alkali-metals,  and  firom  magnesia  alba ;  but  scarcely  attacks 
the  carbonates  of  thf>  other  earth-metals,  even  at  the  boiling  heat.  It  forms  but  one 
othyl-oompound,  and  is  therefore  probably  monobasic;  nevertheless,  it  forms  two 
chisses  of  salts,  namely  neutral  salts,  C^'M'NO'  or  C"H*M'77K>«,  which  are  mostly 
yellow  or  brownish-yellow  in  the  hydrated,  and  brick-red  in  the  anhydrous  state ;  and 
acid  salts,  C«H«MNO«.C«H»NO»  or  C»«H«M"NH)«.C"H»*N«0«,  from  which  the  second 
atom  of  acid  may  be  removed  by  ether. 

The  neutral  ammtmium-salt  (oVained  from  a  solution  of  the  acid  in  excess  uf  warm 
aqueous  ammonia)  and  the  acid  «a/^  (by  cautiously  adding  acetic  add  to  a  cold  saturated 
solution  of  the  preceding)  crystallise  in  yellow  needles ;  both  salts  melt  when  heated, 
and  give  off  their  ammonia. — Potassium-salts,  The  add  dLssolres  easilT  in  dilate 
potash-ley ;  and  on  adding  excess  of  potash  to  this  solution,  the  neutral  soli  (/"H^KNO*. 
2HH)  separates  as  a  golden-yellow  microscopically  crystalline  predpitate,  which,  when 
recrystallised  from  a  small  quantity  of  hot  water,  forms  confWd  crosts  of  crystals  con- 
taining OH«KN0*.2H*0 ;  they  give  off  their  water  at  1 30°,  but  recover  it  on  exposure  to 
the  air.  From  a  cold  concentrated  solution  of  this  salt  mixed  with  a  little  acetic  add, 
or  from  a  solution  of  the  neutral  salt  and  the  free  acid  in  equivalent  proportions,  the  acid 
salt,  C*H*KN0'.OH*N0*,  separates  in  prismatic  crystals  which  appear  also  to  contain 
2  at  water,  but  give  off  add  as  well  as  wat er  when  heated. — 8o dium- salts,  A  solu- 
tion of  the  neutral  sodium-salt  prepared  as  above  described  (p.  395)  yields  at  ordinair 
temperatures  yellow-brown  crystals  which  contain  C*H*NaW0*.4H!*0,  give  off  hau 
their  water  on  exposure  to  the  air,  becoming  opaque  and  yellow,  and  the  remainder  at 
110°;  the  anhydrous  salty  which  has  a  bnck-red  colour,  takes  up  2  at.  water,  and 
becomes  yellow  again  on  exposure  to  the  air.  On  adding  acetic  add  by  drops  to  a 
cold  saturated  solution  of  the  neutral  sodium-salt,  the  actd  salt  is  soon  deposited  in 
prismatic  crystals,  which,  when  recrystallised  from  water,  yield  slender  orange-red 
prisms  containing  C«H^NaNO».C«H»NaO».2H«0. 

Barium-salts.  The  neutral  salt,  C'^H^^NK)*. 8HH),  crystallises  firom  a  mixtnie 
of  the  neutral  sodium-salt  and  chloride  of  barium,  in  brown-yellow  monodinie  prisms 
with  basal  end-faces ;  it  slowly  gives  off  half  its  water  when  exposed  to  the  air,  and 
becomes  anhydrous  at  120°. —The  acid  salt,  C'«H«Ba'TiK)«.C'«H»«N«0«.4HK),  separates 
in  distinct  crystals  from  a  mixture  of  the  neutral  salt  and  the  free  add  in  eqaivaloit 
proportions. — In  like  manner  aro  obtained  the  neutral  strontium-salt^  C''HS3i'Tf*O*.7H*0, 
m  yellow  needles ;  ihfi  acid  strontium-salt  in  light  yellow  prisms; — also  the  neutral 
calcium-salt,  C«H»Ca''N«0«.4H*0,  in  yellow  needles,  and  the  acid  calcium-saU 
C'«H»Ca''NH)«.C"H»«NK)«.8HK),  which  separates  from  a  hot  solution  on  cooling  insbort 
flat  prisms. 

The  magnesium-salt,  C"H«Mg'T^K)*.8H*0,  crystallises  from  a  mixture  of  th«*  hot 
Koliitions  of  the  neutral  sodium-salt  and  sulphate  of  magncdum,  or  from  the  solution 
obtained  by  trailing  the  aqueous  add  with  excesH  of  magnesia  alba,  in  flat  prisms  or 
tabletH.—An  acid  magncsmm-salt  does  not  appear  to  exist 

Solutions  of  copper  and  zine-salts,  added  to  soluble  iaon it ropht  nates,  throw  down 
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firmpitttt«i  coiifisting  of  basic  mlts,   wliil*  ft**©  wonilropliniic  arid  ivm«in»    iu 
iiolutioii. 

L  fatt-talt  t.  The  neutral mlt  baa  not  bf^n  obtained. — By  dropping  ft  ioluf ion  of  Ibe 
todinin-Mlt  into  a  boiling  solution  of  neatml  l^id-afetata,'  the  salt  aC''H'Fb"^*0*. 
2Fb*0,  it  obtained  aa  ha  oratig&KioloQred  pmcipilAtf^  flocculent  At  fir^t  but  soon 
cbsogiog  to  a  gninnUr  inasa  of  microeoopic  bix-sioihI  tfthUtfl. — An  acid  lind^talt  iiepa- 
rat<«  on  cooling  from  a  aolution  of  ifonitiT>pbemeaeid  in  bot  aqtteona  nentnil  acetate  of 
lead,   in  light  yeUow  needlea,  which  after  recryBtallisation  coniiun  4C"H*Pb"N'0*. 

Sitve  r^tialt*. — Tht*  predpitatea  formed  on  mixing  solutions  of  alkaline  iaonitropb^n- 
ateaand  lilvfr-nitrat*',  differ  in  iximposition  according  to  the  constitution  of  tbc  solublr 
iBOuitrophenate  uaed«  the  concenlralion,  temperature,  and  proportions  of  the  mixetj 
gotutioDii,  and  tbe  manner  in  whirh  theiy  are  brongbt  togpther.  Thp  fitittral  gUvtrsolt 
rontuining  when  air'^ried,  CH*AgNO',HK>,  ia  olttained,  on  dropping  a  cold  solution  of 
neutral  iaopheoate  of  aodinm  or  ammoninm  info  solution  of  silrOT-nitrate,  aa  a  bnUy 
aearlet  precipitate,  which  aoon  cbangea  under  i\ir  liquid  to  a  mass  of  nticrowopie  tniatna 
of  a  deep  orangcyellow  colour.  If,  on  the  contrary,  nitrate  of  frilTer  be  addei  with 
atirring,  to  a  cold  uqneotifl  solution  of  neutral  iaonitTOpbemite  of  ammonium,  the  liquid 
becomea  milky,  a  red  precipitate  ia  formed,  and  afterwftrdt  a  permanent  light-yt'Uaw 
precipitate  consi-*«ting  of  a  double  isophenate  of  ailvcr  and  ammonium,  "When  a  muiture 
of  the  hot  folutionsof  a  neutral  alkaune  iaonitrophenate  and  lilver-nitrate  ialefl  to  cool, 
efcpecittUy  if  the  laltrT  i«  in  eioesa,  an  acid  tUim-^mlt  i5C«H*AgN0*.(>H*N0"  lepantea 
in  purpltJ  ticedU^s  which  if  U-ft  in  tbe  liquid,  nltiroately  change  into  the  neutral -sail. 
A  mixture  of  the  warm  aoluHon  of  the  add  aodinm-adt  with  excess  of  a  concentrated 
Holution  of  silver-nitrate,  idso  yielda  crystals  of  the  purple  eiUt  just  mentioned;  but  the 
Ivitit  portions  rvdisHolved  in  the  liquid  after  complete  cooling,  tind  in  their  pi; we  there 
:tre  fonneil  yellowiNh-green  kmintt  of  the  normal  add  salt  C*H*AgNO*.C^H*NO',H'Op 
viliirh  quickly  turn  scarlet  on  expofure  to  the  air.  On  dissohing  either  of  the  pre- 
f'n*)iiig^  fiilver-miltM  in  ammoniA,  an  UoniirophenaU  f(f  argtntammonium  is  formed.  A 
double  iaomtropben&te  of  ammcnium  and  orgontammonium  haa  also  been  obtained  in 
rather  Urge  cryitala. 

Ethylichonitfophenate  or  Itonitrophenttol,  CW{fyW)i^O^)0,  is  ob- 
tained by  decomposing  the  ueutrul  silver-salt  witb  ethylic  iodide,  distilling  offtbe  excess 
of  the  latter  and  exhausting  the  residue  with  ether.  It  ctystalHses  iu  colourless  prisms, 
ojiaily  soluble  in  ether,  less  soluble  iu  alcohol,  iasoIu!»le  in  water;  ba»a  peculiar  aromatic 
odoitf ;  melts  at  57'' — 5B°  to  an  oily  liquid  which  solidifies  in  a  crystalline  mow!: 
l^egins  to  boil  at  a  stronger  heat*  and  may  be  distilled  for  the  moat  part  without 
dccomposiboo.     (Fritzsche.) 

Kttro-dlciaoroplienlo  mold.  C*H'CP(NO')0. -Obtained  by  treating  rectified 
coal-tar  naphtha,  first  with  chlorine,  then  with  nitric  acid*  The  product  mixed  with 
w»(«r  \»  neutniliscd  with  ftjnmonia,  und  boiled;  tbe  filtered  solutionis  neotndised  witb 
ammonia,  and  the  nitro-dichlorophenic  acid  which  separatca  on  cooling  is  purified  by 
r«HTVBtalliMtion  from  alcohoL  It  is  yellow,  soluble  in  wairr,  moderately  soluljle  in 
\''>\\mgaliy^lHii  and  in  tiksTt  and  cnrstallisea  in  beautiful  monodinic  prisma  having  the 
iiiigle  oeP:  oBp  -  880;  odP:  oP  =-  108^  20' to  10S°  30'.  Whrn  quickly  heated  in 
II  t4'»se  vessel,  it  decomposes  with  ignition. 

Thb  ammonium'^alt  crrstallises  in  beautiful  orauge*red  necdlea  which  when  cautiously 
heeted  partly  sublime  without  decomposition.  The  potfissium-mlt,  C*H'KO*<^N0^)d, 
rrystalliaea  in  very  briUiant  laming  which  exhibit  bv  reflection  two  vi*ry  different 
colours,  appearing  of  a  fine  crimeon  in  one  direction,  and  pure  yellow  in  another*  The 
ot her  salts  resen i b le  t he  t rinit fophenales  or  picTatea,  (Laurent  and  D  e  1  b  o a,  A nn^ 
Ch.  Phya.  [3]  xix.  380.) 

iritro-dt-lodoplieiilc  add.  CH*I^NO')0.— Formed  by  treating  hot  nilro* 
»!ntiry1ic  add  with  iodine  »nd  adding  potaslh  Its  properties  luiTe  not  been  exdmiufst. 
(Piria,  Compt.  rend-  xvi.  187) 

SlQltropHenlfi  add.  C«H*N*0*  -  C*H*(NO')»0*  Niiropkfnetic add.  (Laur- 
ent, Ann.  Ch.  Phys.  [3]  iiL  212.)-— This  add  is  produced  by  the  eomparatiTely 
moderate  action  of  nitric  add  on  phenol  (Laurent);  also  by  boiling  dinttroniaol 
(met hylic  dimtrophenate,  i  305)  with  alcoholic  potash.  (Cab ours,  Ann,  Cb.  Pbys, 
13)  XXV,  22.) 

Prrpftmthn. ^11  pta  of  commercial  nitric  acid  are  added  by  separate  portions  in  a 
Urge  jwpceliiiu  baiiin  to  1  pt.  of  that  portion  of  coal-tar  naphtha  which  boils  between 
160"^  and  190°,  a  frenh  portion  being  ndded  as  soon  as  the  Tiolent  iutumesiecnce  caused 
by  the  prece<ling  has  subsided,  in  which  case  the  mixiure  becomes  bot  enough  to 
render  entemal  heAtiog  unnecessary.  The  resulting  thick  red-brown  m*.S5»  is  freed  by 
water  from  the  grefit**r  pitrt  of  the  nitnc  acid;  tbe  residue  boiled  with  Tcry  dilute 
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ammonia ;  the  solution  while  hot  rapidly  filtered  from  a  brown  resinous  mass,  which  serres 
for  the  preparation  of  picric  acid ;  the  brown  crystalline  substance  which  separates 
within  24  hoars  from  the  dark  brown  filtrate,  is  collected  (an  additional  quantity  of  the 
brown  rosinous  mass  serving  for  the  preparation  of  picric  acid  may  be  precipitated  from 
the  mother-liquor  by  acids) ;  the  crystalline  substance  is  dissolved  in  boUing  water ; 
the  delicate  needles  of  dinitropbenate  of  ammonium  which  form  on  cooling,  are  puri- 
fied by  four  recrystallisations  (the  matter  precipitated  from  the  mother-liquors  by  nitric 
acid  serves  also  for  the  preparation  of  picric  acid),  washed  with  cold  water,  and  dis- 
solved in  a  very  large  quantity  of  boiling  water ;  the  solution  is  filtered  as  quickly  as 
possible  from  any  of  the  brown  mass  that  may  be  precipitated;  the  mother-liquor  is 
decanted  from  the  acid  which  crystallises  on  cooling,  boiled  with  fresh  ammonia,  again 
mixed  with  nitric  acid,  &c. ;  and  finally  the  acid  thus  obtained  in  fork-like  tufts,  is  dis- 
solved in  boiling  alcohol  to  purify  it  from  a  small  quantity  of  oil :  it  then  crystallises 
free  from  oil  on  cooling.     (Laurent.) 

Properties. — ^Dinitrophenic  acid  forms  pale  brown-yellow  prisms  belonging  to  the 
trimetric  system,  and  exhibiting  the  combination  a>P  .  oof  ao  .  j^oo  with  P  very  sub- 
ordinate. Angle  obP  :  ooP  -  130°;  ooP  :  oofoo  »  116°;  oofoo  :  Poo  -  127° 
Ratio  of  principal  to  secondaiy  axes  »  1*00  :  0619  :  1*327.  It  melts  at  104°,  and 
solidifies  in  a  radiated  mass  on  cooling ;  may  be  distilled  in  small  quantities  without 
decomposition.  It  is  inodorous  ;  tasteless  at  first,  afterwards  very  bitter ;  colours  the 
cuticle,  horn,  and  other  animal  tissues,  deep  yellow  (Laurent).  It  is  insoluble  in 
cold,  sparingly  soluble  in  hot  water;  easily  soluble  in  alcohol  &nd  ether ^  the  latter  when 
hot  taking  up  rather  more  than  a  fourth  of  its  weight  of  the  acid. 

Deeompositioru, — I.  The  acid  detonates  when  suddenly  heated  in  a  tube,  or  slightly 
when  heated  in  the  air,  with  red  flame  and  black  smoke,  leaving  a  residue  of  charcoaL 
— 2.  When  heated  with  bromine^  it  is  converted  into  dinitrobromophenic  acid. 
Chlorine  appears  not  to  act  upon  it — 3.  By  boiling  nitric  acid  it  is  quickly  converted 
into  picric  acid  (Laurent). — 4.  When  heated  with  chlorate  of  potassium  and  hydro- 
chloric acid^  it  is  very  easily  converted  into  perchloroquinone  (Hofmann,  Ann.  Pharm. 
lii.  62). — 6.  It  dissolves  in  warm  fuming  oil  ofvitriol^  and  then  decomposes,  with  rapid 
evolution  of  gas,  turning  brown  and  thickening  at  the  same  time. — 6.  It  dissclvos 
gradually  in  dilu^  sulphuric  acid^  in  presence  of  zinc^  forming  a  rose-coloured  liquid, 
which  is  turned  green  by  excess  of  ammonia,  without  precipitation. — 7.  When  digested 
with  dilute  sulphuric  acid  and  baryta^  out  of  contact  of  air,  it  forms  a  blood-red  liquid 
(Laurent). — 8.  When  gently  heated  with  aqueous  sulphide  of  ammonium^  it  forms  a 
nearly  black  liquid  which  on  cooling  deposits  needles  of  nitrophenamic  acid : 

2(>H«(N0«)«0     +     3H*S       -       C'«H«(NO«)«NH)«     +     4H«0     +     S>. 
Dinitroubenic  Nitrophenamic 

acta.  acid. 

9-  Chloride  of  benzoyl  attacks  dinitrophenic  acid  when  heated  with  it,  giving  oflf  hydro- 
chloric acid  and  forming  dinitrophenylic  benzoate  or  dinitrobenzophenide  (i  644). — 
10.  With  pmtachloride  of  phosphorus  the  acid  gives  oflf  hydrochloric  acid  and  phos- 
phoric oxychloride  and  forms  dinitrophenylic  chloride. 

The  metallic  dinitrophenates  are  obtained,  sometimns  by  saturating  the  acid  with 
the  pure  base  or  its  carbonate,  sometimes  by  double  decomposition.  They  are  yellow 
or  roseate  and  crystallisable.  They  all  dissolve  in  water,  and  in  this  form  impart  a 
strong  yeUow  colour  to  animal  tissues.  Heated  somewhat  above  the  mehing  point  of 
lead,  they  detonate  very  slightly,  with  emission  of  light  Sulphuric,  hydrochloric  and 
nitric  acid  separate  the  acid  from  them. 

The  ammonium'Salt  crystallises  from  boiling  water  in  long  thin  yellow  needles  having 
a  silky  lustre.  By  sublimation,  yellow  shining  laminae  are  obtained.  Very  sparingly 
soluble  in  water,  still  less  in  alcohol. 

1\\Ci  potassittm-salt,  2C*IPK(N0*)*0.H'0,  forms  yellow,  shining,  six-sided  needles, 
witli  angles  of  116*^.  Thoy  redden  when  heated,  without  alteration  of  weight ;  decom- 
pose and  become  opaque  below  100°  ;  give  oflf  3*90  per  cent,  water  in  vacuo  at  100®; 
melt  at  a  stronger  heat,  and  then  detonate.  They  dissolve  sparingly  in  cold  water, 
very  sparingly  in  cold  alcohol,  more  easily  in  hot  alcohol.  The  «(M/ium-«a/^  forms  yeUow. 
silky  ncedifs,  which  dissolve  pretty  easily  in  water. 

The  bariuin-sali,  C'41«Ba'XN0')*0».5H'0  crystallises  in  thick,  roseate,  six-sided 
oblique  prisms  and  needles,  with  two  angles  of  the  lateral  edges  of  89°,  and  four  of 
135°  30'.  In  vacuo,  at  ordinary  temperatures,  they  give  oflT  6  6  fier  cent  (2  at)  and 
at  100®  ahogethor,  16-42  per  cent  (6  at.)  water. 

The  ammonium -salt  mixed  with  chloride  of  strontium,  the  solutions  being  hot  and 
concentrated,  mx)n  forms  silky  needles;  with  chloride  of  calcium,  granules  consisting 
of  uefdKrs  ;  with  alum,  needles.  It  docs  not  precipitate  the  salts  of  magnesium,  manga- 
nrsr,  cadmium,  cof>ah,  nickel,  or  copper,  or  mercuric  salts. 

Viuitntjthcnate  of  Cobalt  forms  brown-yellow,  right  rectangular  prisms,   with  di- 
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hodml  lummitfl.  Itt  browo  aqoecas  tolation  forms  with  ammonia  a  yellow  pr^»ipitnt«> 
which  niHts  and  dptonatet  wbi^ii  heatrd.  Th©  cepper^Mft  cxyBtiillise*  in  yellow  »iUcy 
nirtiU'it,  whoso  vellow  solution  forms  with  Bmmoiiitt,  yellow  neudlew  sparingly  soluble 
m  nmmonia  or  in  wster 

I^ati'fialU. — The  nfrutral  salt  has  not  been  obtained.  A  batic  Uad-aalt,  2C"H'Pb" 
fNO'  I'O' PVOjiB  forraod  on  pourixig  a  boilinjg  nloohoUc  solution  of  the  aeid  into  !% 
concentrated  bmling  alcohulio  solution  of  neutral  acot^itc  of  lead,  and 
-  on  cooling  in  spherical  grouti*  of  micKwcopic  needU*  haring  a  fiue  yellow 
,  .j..i!r.  Another  banc  saif,  C'»H«IVYNO*)W-lH*0,  is  obtiiint'd  on  pouring  dimtro- 
pill  n.'ife  of  ammomum  into  a  boiling  dilule  sofuiion  of  D<'utral  Icad-ocetate.  It  is  one 
.  t  i}\f>  moat  powerfoUy  detonating  of  all  saha.  The  animonitim'salt  forma  with  solution 
«  f  I  iirate  of  tilwT  a  reddish -yellow  precipitate,  or  in  case  of  git^t^r  dilation,  after  a 
wliilr,  needlea  which  diisolre  in  a  large  quantiry  of  water  or  alcohol.     (Laurent ) 

Dtnitrophenic  rtkfnt.—l.  Mrtht/Zw  dmitrojihenaif  or  Dimtranifiol,  C'H^*0* 
s=  CH«(CH»)tNOyO,  hB«  been  already  describtd ;  also  the  base  Mtihtft-miropkenidim 
iir  yUranuidiftf,  (7H*(N0»)NO,  formed  from  it  by  the  action  of  sulphide  of  ammo* 
uTum. 

Etht/UrJ>  :  yh^fU  or  Dfnitr^wtiitkd,  C^B'^K)*  «.  Cm^OB'') 

(N0')*0,  i^  -'  ethylie  pheniite  (p»  391)  with  an  equal  volume  of 

fuming  oitri*-  i\ri>i,  ni'iei  sjr  •«ziiuU  portions,  nnd  1  '  "'  i-  -■«  '- u  ftw  minutes 
till  it  become*  dear  ind  then  ndding  water*     1>'  y  pr»?cipitated 

an  an  oil  which  ultimately  solidifies,  and  may  be  cr^  u  i.i  :  „:..  ::..,'.. iig  alcohol  It 
cryHtitlU^eft  in  yeUow  needles  Tery  much  like  dinitranisoL  When  cuutiouslr  heated,  it 
fttiblimes  without  rrsidne;  but  if  quickly  heated,  it  decompos^a  unth  ignit ton,  leaving 
hu  abundant  di^pusit  of  charcoal.  Sulphide  of  ammoninm  eoDTerts  it  into  ethyl« 
w  i  t  ro  p  b  e  n  i  d  i  n  e,  C«H"(KO')NO. 

Bialtrobroinopbenlo  Wd^  CH^rN'O*  -  C*H'Br(NO!')*0.  Nitrobnmay^ 
jthtutnw  tiad,  ( Laurent,  RttK  scUni.  ti.  65.)^ — Thi«  acid  i»  produced  by  dissolring 
dinitropheuiu  acid  in  heated  bromine,  washing  the  crystals  which  separate  on  cooling 
with  a  small  qaactity  of  alcohol,  disriiolving  thf*m  in  btjiling  ether,  and  k^aring  the  solu- 
tion to  crystallise  in  a  beaker  coverc<l  with  paper.  It  is  sujphur-yellow,  tranitparent ; 
crystallifiea  from  ether  in  tthining  monoclinic  pjriHfnshnring  the  angle  oeP  :  ocP  »  106^ 
3'}*,  oP :  ofrP^^S*^  30', — From  boiling  water  or  alcohol,  it  sepamtes  in  needlej*.  It  melt* 
at  about  llQ^f  and  soUdfies  on  cooling  into  a  laminar  fibrous  mjias.  When  strongly 
heated,  it  diatila  paxtlr  nndecompoeed  and  leaver  a  small  quantity  of  charcoal,  Per- 
manent in  the  uir,  inodorotu,  eolouns  the  ekin  yeUow,  like  picric  acid.  It  dijanolre*  Tety 
apiiringly  in  boiling  watrr,  and  sepirateA  almost  completely  on  cooling;  with  modenitn 
facility  in  boiling  akohfA,  more  easily  in  ether.  It  dissolves  also  in  warm  oil  of  ritriol 
and  cr)-ftalli*ea  therefrom  in  fcm-Hke  tuffs. 

DicontposUions. — L  Tho  acid  is  not  decompoaed  by  chhrine  in  the  cold  and  but 
alightJy  when  heated. — 2.  By  boiling  nifrie  acid  it  is  converted  into  picric  acid, — 3.  It* 
solution  in  warm  oilofiitnol  dpcoroposea  when  heuted. — 4,  lis  nqueoua  solution  forms 
with  ferrout  sulphate  and  iimr,  a  blood-i«d  liquid,  with  precipitation  of  ferric  oxide. 

The  dinitrobromophcnateB  are  yellow,  orange-coloured  or  red  ;  cty»tidli»e  well ; 
rcstmbk  the  picr*it<-fl ;  detonate  for  the  most  part,  like  those  salts,  when  heated,  but 
Je»s  strongly,  and  in  a  closi»d  space  with  emission  of  light;  most  of  them  dissolre 
in  water,  f^m  which  solution,  eulphuric,  bydrocliloric  or  nitric  acid  separates  th*» 
dinitrobromophcnic  acid. 

Tho  ammonium'Sait  forms  yellow  eight-sided  needle*  derived  from  a  rhombic  prism. 
Id  vacuo  at  100^  they  give  ait $'67  per  cent,  water,  and  1'86  per  cent,  more  at  a  heat 
u^-arly  sufficient  to  vohitili^e  them,  and  then  sublime,  for  the  roost  part  undecomposcd, 
iu  yellow,  shining  right  rhombic  prisms,  with  latend  edges  of  45=*  and  135^.— The 
ptfttitnum^salt  forms  yt'llow,  silky  needles,  sparingly  soluble  in  water  and  alcohol. 

The  harium-j^yt,  C'^H^Brnk^NO'J^O^tlPO,  forms  dark  y.  llow  needlrs,  which  dis 
•loWe  very  readily  in  water,  give  off  in  vacuo  at  ordinary  temperature*,  7"5  percent. 
{'A  jtt.)  water,  aas^uming  a  scarlet  colour,  and  at  100^,  042  pir  cent.  (4  at.)  in  all. 

The  cafcium-salt  forms  long  vellow  lamiuie,  which  are  oblifjue  rectangular  prisms. 
They  turn  about  on  K^cnOy  dnod  papor  or  in  vacuo,  ginng  off  wht^r  and  ai^suming  a 
scarlet  colour.  The  ammonium^saU  does  not  form  any  prt^cipitute  with  chlatide  i*f 
sitoniium,  magnrtdttm  or  manganese, 

Irad'SafL — Wh^n  a  boiling  dilute  solution  of  the  Bmmonium-Palt  is  poured  into  a 
boiling  dilute  solution  of  neutral  acetate  of  I«id,  there  is  immediately  formed  an  orange- 
yellow  pncipitate  of  a  basic  stilt  contaiug  37  per  cent,  lead-oxidf;  and  the  liquid  de- 
canted therefrom  sifter  some  seeonds,  forms  pale  yellow  ailkv  netdles  of  the  diplumhtc 
aatt  C"H*Br=?b"(N0-)*02,Pb''H«0-,  which  give  off  3-3  per  cent.  (2  at,)  wabur  in  vacuo 
al  100^,  and  coutain  4i'0  per  cent,  lead-oxide, —In  solutions  not  Uyo  dilute^  the  am- 
nioniuin*&iiU  forms  with  kad-salts,  a  heavy,  yellow,  cry.Htnlline  precipitate. 
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The  ammonium-salt  forms  with  the  salts  of  cadmium,  cobalt,  fdekd  apd  e0f»pcr,  oo 
addition  of  ammonia^  a  precipitate  which  consists  of  needle-shaped  paxtidea,  acateelj 
solable  in  ammonia. 

With  nitrate  ofsilvrr,  the  ammonium-salt  forms  a  yellow  tnuulnoent  pcedpitate; 
from  very  dilute  solutions,  the  silver-salt  is  deposited  in  extremely  fine  fllamwita. 

IMnitrocliloropbeiito  aold.  C«HK:1N*0*  -  C*H'a(NO<)K)  (P.  Qrieaa,  AmL 
Ch.  Pharm.  cix.  286.)— Prepared  by  passing  a  moderately  strong  atzeam  of  chlorine 
into  about  a  pound  of  phenol,  kept  at  a  moderate  heat,  and  adding  the  product  by  small 
portions  to  nitric  acid  of  ordinary  strength,  in  a  capacious  poreeliun  diah.  The  action 
begins  in  the  cold,  and  is  attended  with  the  evolution  of  red,  intenaely  initatUK 
vapours,  smelling  like  chloropicrin,  but  towards  the  end  a  gentle  heat  must  be  apf^M 
till  red  vapours  are  no  longer  given  ofL  The  resulting  red  oily  maaa,  consiating  chieiK 
of  dinitrochlorophenic  acid,  is  washed  with  water  to  free  it  from  ezceaa  of  nitric  aod, 
and  from  oxalic  acid  formed  in  the  reaction,  and  then  treated  with  aqueoua  ammonia ; 
the  eiystalline  magma  thus  produced  (oonsistinff  chiefly  of  dinitrochlorophenate  of 
ammonium)  is  dissolved  in  hot  water,  and  quicUy  filtered ;  the  yellow  needlea  of  the 
nmmonium-salt,  which  separate  as  the  filtrate  cook,  are  once  recrystalliaed,*  and  the 
solution  of  the  purified  salt  in  boiling  water  is  decomposed  by  dilate  nitric  acid. 

Dinitrochlorophenic  acid  thus  prepared  crystallises  in  light  yellow  anhydrooalaninB. 
It  is  but  slightly  soluble  in  hot  water,  and  separates  almost  completely  in  yellow  lamins 
on  cooling.  It  dissolves  more  readily  in  alcohol  and  ether,  abundantly  alao  in  hot 
hydrochloric,  nitric^  and  tulphuric  acids,  separating  from  these  aolutiona  on  cooling 
especially  on  addition  of  water,  in  nearly  colourless  laminse.  It  melts  at  103^,  aolidi- 
fyinff  again  to  a  radio-crystalline  mass  at  95°,  and  sublimes  without  alteration.    In 

Cowder  or  in  vapour  it  excites  violent  coughing  and  sneezing ;  it  taataa  intense^  bitter 
ke  picric  acid,  and  colours  the  skin  yellow. 

The  acid  or  its  ammonium-salt,  digested  at  a  gentle  heat  with  aqneona  swlpkidB  of 
ammonium,  is  converted,  with  deposition  of  sulphur,  into  amidonitrochlorophenic 
acid.  C«H«(NH«)(NO«)aO.. 

The  dinitrocnlorophenatcB  crystallise  well;  they  are  all  apaijn^y  solnble  tn 
^-ater,  and  are  deposited  from  hot  aqueous  solution  on  cooling  in  reddiah  atymlaw  ajBtalB : 
they  detonate  when  heated.  The  ammonium-salt,  C*H^KH*)a(NO*)*0,  ayatamaes  in 
shining  yellow  needles,  ^;reen  by  reflected  lights  and  be^ns  to  sublime  at  100^.  The 
potassium-salt  forms  shining  orange-yellow  needles.  The  barium-soft,  obtained  by 
saturating  the  aqueous  acid  with  carbonate  of  barium,  cxystallisea  in  delicate  yeUow 
needles,  which  turn  red  in  rarefied  air  over  oil  of  vitriol,  and  then  contain 
C««H*Ba''Cl*(NO«)*OMI«0 :  the  red  crystals  recover  their  vellow  colour  on  ezpoeore  to 
the  air,  and  the  salt  becomes  anhydrous  at  110^.  The  silver-salt  aepamtea  on  addine 
nitrate  of  silver  to  a  concentrated  solution  of  the  ammonium-salt ;  ^en  reciystalliaed 
it  forms  crimson  lomins  with  green  iridescence,  which  appear  under  the  microaeope  as 
oblique  rhombic  prisms.  With  copper  the  acid  appears  to  form  several  aalta :  aaolntion 
of  recently-prepared  cupric  oxide  in  the  aqueous  acid,  yields  on  evaporation  yellow 
needles  easily  soluble  in  water. 

THnltropbenio  or  Ptorto  aoid.  CH'N^O^  «  (>H»(NO«)K).  TWntlnMar- 
Itolicacid.  Carbazotic  acid,  Nitropicric  acid.  Artificial  Indigo-bitter.  KoUenstidkaief- 
stiure,  Jauneamer  de  Welter. — This  acid  was  observed  bvHausmann  in  1788;  and 
afterwards  examined,  with  regard  to  its  composition,  chiefly  by  Liebig  (Pogg.  Ann. 
xiii.  191 ;  xiv.  466;  Ann.  Ch.  Pharm.  ix.  80;  xxxix.  350),  Dumaa  (A!nn.  CE^Phya. 
liii.  178  [31  ii.  228).  and  Laurent  {ibid,  [3]  iii.  221). 

It  is  proauced :  1.  By  the  action  of  heated  nitric  acid  on  phcnic,  tribromopbenic,  and 
dinitrophenic  add,  also  on  saligenin,  salicylous  acid,  salidn,  salicylic  add,  nitroaalicylie 
acid,  phlorizin,  extract  of  willow-bark,  indigo,  coumarin,  aloes,  benzoin,  the  reain  of 
Xanthorrhaa  hastilis,  resin  of  Peru  balsam,  and  silk. — 2.  By  boiling  trinitraniaol  with 
potash-ley.     (Cahours.) 

Preparation. — 1.  From  Phenol. — The  brown  resinous  masses  predpitated  dnrins  the 
preparation  of  dinitrophenic  acid  (p.  397),  are  united  with  the  mass  obtamed  by 
precipitating  with  ni^c  acid  the  mother-liquors  of  dinitrophenate  of  ammoninm  oh* 
rained  in  the  same  process ;  the  united  mass  is  heated  to  the  boiling  point  in  a  basin 
with  commercial  nitric  acid  ;  the  acid  liquid  decanted  after  cooling;  the  residue  washed 
\i-ith  a  small  quantity  of  cold  water,  and  boiled  with  veiy  dilute  ammonia;  the  filtrate 
repeatedly  evaporated  to  the  crystallising  point ;  the  resulting  picrate  of  ammonium 
purified  by  crystallisation  from  boiling  ucohol ;  and  the  beautiful  needles  of  this  salt 
treated  with  nitric  acid  to  separate  the  picric  add,  the  quantity  of  which,  thna  obtained, 

*  Thp  mother-liqu'ir  retains  tn  solution  the  aromonlum-saU  of  another  acid  fonaed  durtof  the  above 
reMtton.  and  if  mixed  while  still  hot  with  hydrochloric  acid,  depotits  this  acid  as  a  ▼iacidolU  whkli 
ultimately  solidifies.  It  melts  easilr,  and  ts  conTerted  by  sulphfae  of  ammonlom  Into  aB  amido-acid. 
NuruJichlorophenic  acid  (p.  WJ)  noes  not ;  ppear  to  be  formrd  hi  this  reaction. 
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if  or  J4H  III**  quAiiltty  of  diititniphriiic  rt*'ul  Wiin  |o»o«,  Th»'  impur**  diuitfopht*iiic 
y  be  convert^  into  picri**  iicid  by  boiling  it  with  nitric  aciii,  urid  vecryi/k- 
I  iikohol  the  pi^rtion  which  Bepamtos  out  (Lnuff  Dt),  Picric  acid  m&Y* 
advnutAgeouiily  prepared  from  pur<»  rrj'Ptj^lHfipd  phenol^  which  w 
in  large  quantttiefi  from  crjul-tAr  ;  thi«  is  in  fiict  lhf«  mcMieof  pre- 
parfttioD  DOW  nuwt  geDefuUj  adopted.  100  ptJi,  of  erystaUified  phenol,  treated  with 
nitric  acid,  yiald,  acoording  to  Perra  (Dingl.  pol  J<  cUy.  tM\  from  90  to  100  p(^.  of 
picric  acid. 

2,  Frum  Salicin. — This  sub«tancA,  tr«Hted  with  nitric  acid.  ^ieldH  remurkably  pure 
picric  acid;  jthhrisin  yieldi»  much  le^  picric  than  phloretic  acid,     (^archand.) 

3-  Fr^m  Indiffo. — 12  to  18  pti.  cif  nitric  acid  of  specific  gravity  1-43  AT©  hoatod 
n«irly  to  thf^  boiling  point  in  a  CKpaciotia  glaaa  flask ;  I  pt.  of  the  be«t  Eiuit  Indian 
indigo  iti  eoiur^  powdcrr^  is  added  in  «mall  partlona^  each  addition  b€*ing  mad<»  m  aoou 
MA  the  last  portion  hw  diHappeured ;  the  red-brown  liquid  ia  <»ni'«ntr»ted  by  boiling 
till  it  becomes  thickiah  anul  ljght»»r  in  colour;  *l  pia.  morp  nitric  acid  are  added  in  caae 
the  liquid  still  gives  off  nitrous  acid^  and  the  lM>ilin^  is  repi*at4>d ;  the  mother-liquor 
is  decaDted  from  the  hard,  yellow,  trauftlui^eut  cryatulu  which  form  on  cooling  ;  these 
cryatela  aro  washed  with  cold  water  and  diaeolved  in  a  suificieut  quantity  of  boiling 
water;  the  oily  drops  of  artificial  tannin  whidi  then  rise  to  the  snrface  are  removed 
with  ftltoring  paper;  the  solution  is  filtered  and  Ipft  to  cool :  the  yellow  »hining lamina! 
of  picric  add  which  aepanit«»  are  nprnortK)  from  the  mother-liquor,  again  dissolved  in 
iKuting  water,  and  neutratised  with  ctirbunate  of  potassium;  the  potassium -salt 
which  separates  on  cooling  is  purified  by  repeated  crystalliNation^  then  diiisolred  in 
boiling  wat«r ;  and  the  liquid  is  mixed  with  ■ulphuric,  hydrochloric,  or  nitric  &ctd, 
whflireapon  the  picric  acid  oryi»talliMes  out  on  cooling.  An  additional  quantity  of  the 
potitaiiim'^salt,  reqniring,  howerer,  further  purification,  may  be  obtained  from  the  first 
naother-liq^or  by  preMQipttaling  therefrom  a  large  quantity  of  brown  matter  by  addition 
of  water,  then  dissolring  it  in  btMlidg  water,  neutralising  with  carbonate  of  potassium, 
and  cooling.  Four  parts  of  indigo  iihoold  yield  1  pL  of  picric  acid.  Sometimes  the 
eolntion  of  indigo  in  nitric  and  does  not  yield  any  crystuls;  it  must  then  be  erapofated 
down,  mixed  with  water,  and  the  acid  separaied  from  the  brown  precipitate  as  above. 
Tlte  liquid  above  the  prexiipit^te  lilcewi^  yields  picric  add,  when  evapomtAd,  boiled 
with  nitric  acid,  neutralised  with  potash.  &c.  (Lie big).  Alto^ther,  however,  th^ 
preparation  of  pi^ic  acid  from  indigo  is  not  to  be  r«comiiiended, 

4.  Fron^  the  ^Ihw  rrsin  of  Xantkorrhaa  kajUilU.— The  reain  is  dissolved  in  the 
requisite  qoantitv  of  sfronf^  nitric  acid,  whereupon  red  vapours  are  evolved,  with  violent 
frothiotf,  and  a  dark-r^  solution  is  formed  which  becomes  deep  vellow  after  boiling. 
This  ftolution  is  evaporated  over  the  water-bath ;  the  remaining  yellow  crystalline  mass, 
which,  together  with  picric  acid,  contains  small  qoantities  of  oxalic  and  nitrobenioic 
acids,  is  neutrmlieed  with  potash  ;  and  the  picmte  of  potaasiuni  is  purified  by  two  crystal- 
lisa  lions,  mid  then  treated  with  hydrofhluric  add,  which  separates  the  picric  acid,  to 
be  further  parifled  by  two  c'r}'»tal1iiuitiona,  and  amounting  to  60  per  cent,  of  the  resin 
used  (Stenhouse).  This  is  one  of  the  beat  modes  of  preparation  (see  Carey  Lea, 
SiU.  Am.  J.  [2]  xx\'i.  279  ;  Jahreeb.  1868,  p.  414). 

6.  From  Bfnsmiu — I  pt  of  benzoin  (from  which  the  benzoic  acid  may  be  previously 
extracted  by  alkalis)  is  gently  heated  with  8  pes.  of  commerdal  nitric  add ;  the 
mixture  distilled,  with  four  times  repeated  eohobation,  after  the  efiTerveacence  haa 
ceased  ;  and  the  Ijquid,  after  decantation  from  the  resin,  mixed  with  four  times  its  bulk 
of  water,  Altered  nviu  the  precipitated  yellow  nowder,  and  neutralised  while  hot  with 
carbonate  of  potaaaiuni :  it  then  yields  crystals  of  picrate  of  potassium  on  cooling. 
(E.  Kopp,  Ann.  Chim.  Phys.  [3]  xiii.  233.) 

6.  From  SilL—l.  When  1  pt.  of  silk  is  distilled,  with  fre<jnent  eohobation,  with 
5  pts.  of  nitric  add,  a  solution  is  obtained  whieh,  by  evaporatjon  and  cooling,  yields 
crystals  of  picric  and  oxalic  adds  (Welter). — 2.  Liebig  uses  12  ptSL  of  nitnc  add  ; 
neutnlisM  the  residue  in  the  retort  with  carbonate  of  potai^ium  ;  purifies  the  crystals 
of  potasstc  picrate  by  recrystallisation ;  and  propitiates  the  add  from  thdr  solutioo  by 
nitric  add  The  product  from  t^ilk  ia  however  much  smaller  than  that  which  is 
obtained  from  indigo, 

7.  From  Aloes, —  I  pt.  of  sIol's  is  heated  with  S  pts.  of  strong  nitric  acid  till  violent 
action  takes  place ;  the  fire  is  then  removed ;  the  mixture,  after  the  gas^volutiou  has 
ceased,  is  .introduced  into  a  retort ;  the  greater  part  of  the  acid  liquid  poured  off;  the 
residue  distilled  with  3  or  4  pta.  of  fresh  nitric  acid,  which  still  causes  a  slow  evolution 
of  nitric  oxide,  till  the  greater  part  of  the  nitrie  acid  is  decomposed  or  volatilised;  tha 
re&idue  dilutjf'd  with  water,  which  separates  the  chrysammic  and  aloetic  adds  still  re- 
ntaining  U0decorapo?»ed ;  and  the  yellow  filtrate  after  being  evaporated,  to  remove  the 
greater  part  of  the  nitric  acid,  is  neutralised  with  milk  of  lime :  pure  picric  acid  may 
then  be  precipitjited  fmni  the  filtrate  by  nitric  HciJ. 

\m.  \\\  '    1*  li 
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9.  FVw*i  TVinitranuU, — TriuitmniJiol  is  boiled  for  %  f«w  miotttes  with  moder^trfj 
strong  pot  ask ;  water  is  udded  till  all  th^  resultiag  potaasittizi  salt  is  dissolred  ;  the  si 
Allowed  to  cTTHtalli^e  by  cooling ;  aod  thf^  acid  separated  th^reftrom  hy  boiUng  diJy 
nitric  atdd  :  it  tben  sep<uut«s  on  cooling  in  yellow  shining  nec'dlea,  «&d  mjnr  be  pw 
by  washing  with  oold  water,  and  cryBUlliBalioA  fipom  boiling  wal4»r.*  (C«boiirs»  . 
Ck  Phya,  [3]  JtXT.  26.) 

Purifiealion. — The  conTeision  of  crude  picric  acid  into  o  potAcsiam-siilt  nffbrda  »  t^ 
eonV(»iii«^nt  mode  of  puriflcatiou  on  the  umall  ischIp,  oa  the  salt  i»  but  r«fy  fdigh" 
HoluJbli^  in  cold,  thongn  n^adily  aolubl«  in  boiling  water.     But  in  o^Mrating  on  a  Tai 
lical^,  the  filtration  of  tliia  salt  pres^-nts  gr«at  difficult iea,  as  the  liqoidis  even  wbeo 
ing  and  contained  in  heated  funneK  have  a  great  t^^ndency  to  crystjilHse  on  the  filte 
which  they  tlien  rapidly  choke.     Several  munufiicturtTfe  therefore  prefer  conyprting  t 
erode  acid  into  a  Bodiam-aalt,  by  saturating  the  boiling  solution  with  j»odic  car 
taking  care  to  avoid  an  excess,  &S  that  womd  dissolve  the  vellow  reeinous  m&tT 
which  the  acid  irt  oontamitiat^d.     The  boilitig  liquors  are  filtered  to  sepurate  thi 
and  tlir^  flltmte  m  mixed  with  a  funhr^r  qoiuitity  of  sodic  carbonate.     Tbls  cati 
bulk  of  the  (uxiic  picratfl  to  crystaUiso  out,  as  the  salt  is  nearly  insohibte  in  aolatin 
contiiining  mi  excena  of  alkaline  carbonate.     The  small  quantity  of  picric  acid  4 
lemainiDg  in  the  moth»r-Kquora  may  be  prt'cipitiited  by  j&ddjng  a  ix^ta^nTn-salt^ 

The  dTstallisad  picratu  of  Bodium  thu.H  obtained  is  then  disaoiTed,  and  its  bottid 
solution  IS  docomposed  by  an  excess  of  sulphuric  acid.  The  picric  acid  thus  s^'^parnttr 
being  nearly  insoltible  in  the  mother- liquors  containing  the  add  sulphate  of  srNJioi. 
crvs^lises  out  almost  entirely  on  cooling;  and  after  draining,  washing  with  a  littj 
Qcld  water,  and  pressing,  is  almost  chi>mtcally  jiure,     {HafnumfCs  Report^  p    136.) 

Properties. — Picric    acid    cystjillinf*    in    light   yellow,    Btrongly    nhinir- -    f^*" 
(Liebig),  in  yellowish  octtihedroiia,   often   Vi-ry  much  truneatea   on    tv 
summits  (Welter);  yellowish- white  needles  ancl gmn uleefChevpenl).      i 
belong  to  the  trimetric  system.     Auele  mP  :   ooP   =*   115*^  3D'  ;   P  :    P   =*    ii*8»| 
P  :  goPoD  ^126^  (Laurent)*  The  acid  melts  when  slowly  ht-Ht^^d,  fonniag  a  browniaf 
yelluw  oil.  whieh  aolidifies  in  a  (jrystalline  moas  on  cooling.     "When  slightly  hedtctl  i 
coutjuct  wilL  the  air,  it  voktiliseB  underamposed ;  nt  a  higher  temperatoiVj  it  botU  su 
ives  offa  thick,  yellow,  sulFocatiug.  irritating,  and  intensely  bitter  Tapour.  and  snil 
imes  in  small  yello wish- white  needles  and  soJes,  or  paases  over  as  a  brown  liquid 
which  cn-stallise*  on  cooling.     It  tastes  xery  bitter  ond  somewhat  harsh  and  sour,  uu 
reddens  litmus.    The  impure  acid  tram  indigo  in  doses  of  1  to  10  gmiiuL,  kiUs  ni»btl 
and  do^  with  delirium  and  convulsions. 

Pienc  add  disjaolves  in  160  pts,  of  water  at  5^»  in  86  pts,  at  15^,  in  61  pts.  at  2C 
in  77  pta.  at  22'6^,  in  7S  pts.  at  26°  and  in  26  ^ts.  at,  77^  (Marc hand).     The  sc' 
tion  hoA  a  deeper  colour  tlmn  the  solid  actd,  and  imports  a  strong  yeUow  atain  to 
skin  and  other  animal  tissues. 

Water  containing  only  ^^^  of  picric  acid  is  distinctly  yellow ;  with  ^gj^jj  of  the  s 
the  colour  is  stiU  pereeptible  in  a  str&ttim  an  inch  deep,  and  in  Lifger  masses  to  a  ■rj] 
greater  di^gree  of  at  1  ution .     I C  a  r  ey  L  e  a. ) 

Picric  field  is  likewise  easily  soluble  in  alcohol  and  iu  tthrr.  It  dissolvea  in 
cijncentrated  Muiphitric  asnd^  and  is  precipitated  therefrom  by  water  unchaoged^  and  i 
cording  to  Lea,  m  square  lamin®  belonging  to  tlie  trimetric  syst^^m.  A  cold  Batttrat4 
solution  of  picric  acid  mixed  with  2  to  4  toL  of  dilute  sulphuric  acid  (1  toL  oil  c 
yitriol  to  1  Tol.  water)  remains  nearly  or  quite  colourless,  without  separation  of  pic^ 
acid  ;  with  J  or  J  voL  §ulphuric  acid,  nearly  all  the  picric  acid  is  predpitjited  (Car€^ 
Lea),     Strong  nitric  acid  dissolves  picric  add  in  large  qnantity. 

Jkcomposiiions. — 1.  The  add  when  stronjelv  hrat^,  gives  off  acrid  and  very  bitl_ 
Tapours,  which  condense  as  a  sublimate  on  cdd  bodies  ,  when  quickly  heated  in  a  retoil:! 
it  decomposes  with  explosion,  giving  off  nitrogen,  nitric  ozide^  water^  carbonic  anhy 
dride,  fayarocyanic  acicl,  and  a  combustible  giis>  and  learing  a  carbonaceous  r^slduei 
2.  By  eMnrine  gas,  aqueous  chloride  of  lime,  or  a  mixture  of  Kydrochloric  add  a 
thltyrtttf  of  potasmum^  it  ts  resolved  into  chloropicrin  and  perch  1  or oquinoo^ 
(chlotantl) ;  also  by  hot  nitrtmturiatic  acid  ;  by  bronune&tid  water,  into  bromopirrii 
and  perbrom^oquinone.     It  is  also  converted  into  bromopicrin  by  ^ 
with  k^bromit4f  of  barium  (St  en  house,  PhiL  ]!IUg.  [4]  viii.  36S). — 3.  \v 
heated  with  a  mixture  otprroxidf  of  man^anfMe  and  mtlpkuric  acid  it  givri»  ui  j_ 
vapours. — 4.  Boiled  with  a  strong  solution  of  cautitic  pofa»h,  k  giree  off  a  ItLrgeov 
of  ammonia,  nod  forma  a  brown  solution  from  which  alcohol  extracts  a  yelloi.    __ 
crystallising  in  needles.    Fimc  acid  is  likewise  altered  by  prolonged  ebullition  witi 
Laryta-water. 

•  The  «r[d«  otitAincd  bf  thU  «tnd  the  pr*«c*Klinf  prrwejn  w#rt«  at  ^nt  reiranled  u  i*oij!. 
IdenticaJ,  with  pkHc  acU,  the  arid  from  aloe*  bi-liiK  cjillod  cktpmlfp't  luria  (Sc  b  u  nc  k) 
irliilttitiiU'  I  ptrranittc actti  (C  tttt  oiiri)  ,  tomt  Uter  cup^eriimenu  bavf  tbowu  th-it  botli  \ui_  _ 
taenUc&l  with  i>lcrie  Add.  ilic  litQf  reiice  (onnvrtr  ob»er»«sd  havj]]^  been  due  U»  impurUlM.  ^^ 
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lb  Wham  iMciic  add  i*  dig««l«l  witli  »  tolutioA  of  /etroui  ButfrhnH  ftfrd  Ati  «xce«9  of 
MiMlk  btirftA  or  lime,  a  red-bfown  hum  If  Ibniied  coatntniag  pieruniie  ftcid 
(WolUer'i  QkrahsRDAtie  Atid): 

C-H»fNO*)*0     +     6FeO     +     H»0       -      O'H*N(N0»)-0     4^     3Fu*0r 
PicTle  MM*  Plcr^mlc  acid, 

Pierie  ncid  \m  a1»o  redncisl  to  tncminie  acid  by  fernous  ckloridt  atid  actt^it :  cuprt>ut 
ch!4>rtdf^  naaetnt  hydrogen,  and  hf  the  9ulpkuUs  of  amnu/nium  and  of  tlio  ^Tr</  alkntt' 
fnetnU  ;  moat  n>tirlil j  by  poasing  adph jdric  add  gaa  tliioutf h  a  «iUu*atfd  afco)vttic  solu* 
lion  of  pitrric  oicid  neiztmliaod  with  ammonia,  (Gtrar<^  Auil  Ch.  Fharm.  buutTiii. 
281.) 

4*  Picrie  add  treated  with  (in  and  htfdrochloric  acid  i«  converted  into  a  crjBtalHno 
doa1>l«>&alc  of  stannous  chlondc  and  fajdrocblorHti^  of  picrumiDe,  CH'X'  (Koungiii, 
Bull.  Soc.  Chim.  1861,  p.  flO ;— BeiUteln,  Ann.  Ch.  Pharm,  p*«»  244): 

C«H\NO»)*0    +    Sn'»    ^    23HCI     -     C«H*N'.3HCL9iiCi»  +    9SnCl«   +   7fl*0. 
Th«  Aune  bnae  if  obtained  aa  a  hrdnodate  hy  Iha  action  of  iodide  of  pkosplutrus  on  A 
•aUuniad  aqncoua  aolattcw  of  picnc  acid  (Lauttiniana,  Ann.  Ch.  Pharm.  czzv.  1 ) - 
C*H»(NO»)*0   -r   23HI     -     C?n*N*.8HI   +   P»  +   JBV. 
6,  Picrtc  aoid  treated  with  q/anidt  of  potasirium  to  the  fitate  of  hot  poiicentrat#'d 
aqupoQM  «K>lution  aaeomei  a  deep  blood- red  colour  and  is  conrentMi  into  isopurpnrie 
acid  (Ulaaiweta;  Betlatem,  ni.  4S3): 

CH*CNO»)»0   ^  3CNH  +   H«0     «     C?H»N»0«  ^   CO*  +   NH>. 
Aopording  to  Cafay  Lea  (JuhreaU  1868,  pw  416)  picric  add  is  (inverted  intopicnunio 
acid  bj  the  action  of  cyanide  of  potaeeiam;   but  thia  aUitement  ik  conLmdicied  by 
Hlaaiwoti  and  Beilsteio  (Julireab.  1869,  p.  458> 

6.  Pmtacklonde  <^ photpkaruM  acts  violently  on  picnc  add,  fonniag  chloride  of 
triaiCrophenyl  or  ebloropicryl  (Piaani,  CofBpt  read  xzxLi,  862): 

C^NO»)K)   +   PCl»     =     C«H\NO*)»a   -^   PGIH)   >   HCl 

7.  (Mofidt cf  hemtoift  he^tod  with  picric  add  conTerta  it  into  benzoat^  of  tri* 
nit ro phenyl  or  trinitrobensopbt^nide  (i.  564). 

8.  A  mixture  of  aieokol,  wuiphttHe  acid  and  picric  atid  appear*  to  yield  pi  crate  of 
»thyL    (MitJicherlich,) 

IhUction  of  Picric  Acid. — An  raagenta  for  the  detection  of  picric  acid,  CareT  Lea 
reoommendi  an  anunoniacal  solution  of  cuprio  emlphate,  a  solution  of  sulphide  of  potaa- 
dnm  mixed  with  excess  of  ^kali,  and  of  cyanide  of  potassium  with  ammonia.  The 
Urst  prodneee  a  greenish  predpitate,  the  otihcr  two  when  heated  with  the  aqueous  add 
b<HH)me  red,  or  in  case  of  vei^  great  dilution,  y<»llow, 

U*€t  of  Picric  ticid, — Picnc  acid  ia  used  for  dyeing  silk  and  wool,  espedally  the  for- 
mer, of  a  yellow  colour.  Its  colonring  powf»r  is  veiy  considerable,  and  it  exhibits  agreiit 
affinity  for  azotised  substAncos.  The  culoer  resists  the  adaon  of  light  very  well,  but 
is  somewhat  affected  by  wnshizig,  especially  with  soap.  Its  stubihty  is  increased  by 
motdiiitiiist]i«  silk  and  wool  wiui  alum, 

Obtten,  nemp  and  flax  do  not  exhibit  any  affinity  for  picric  acid ;  this  acid  may  thetv- 
fore  be  employed  ibr  dlstingoisbing  silk  and  wool  from  cotton  and  flax.  For  thia  jmr- 
poae  the  tissue  is  immersGa  in  a  b^  solution  of  picric  add  and  then  waahKl  with  watir ; 
the  thrada  of  silk  and  wool  then  aisiune  a  deep  yellow  colour,  while  thoae  of  cotton 
and  fiaz  remain  perfect^  colouriaoa. 

The  iaoporpuTate  of  potassium  prodtieed  by  the  action  of  cyanide  of  potaaainm  on 
piene  mm  yields,  when  treated  witn  eaKammoniae,  an  ammonium-salt  poasessing  the 
external  characters  of  murexide  (purpurate  of  ammonium,  q,  v,),  and  acting  ezacTly 
like  that  compound  when  applied  to  (^eing* 

The  coloured  componnds  prodnced  by  the  action  of  lerroua  and  stannous  salts  on 
picric  add  hare  not  yet  been  applied  to  any  practical  purpose* 

PiCEATES, — Picric  ftcid  in  monobasic.  Thi^  metallic  picrates  are  mostly  crystallisable, 
bitter,  and  of  yellow  colour.  They  explode  when  atjpangly  heated,  eenedally  in  dote 
TMsels.  Bf  prpcipitating  solutions  of  heavy  metallic  i$alt«  with  oJkaline  pichitoi^ 
Carey  Lea  (Sill.  Am,  J.  [2]  xxxi.  78)  ha»  obtained  compounds  of  mettillic  picTate^ 
with  ammoma.  The  silver-salt  contains  "2NH*.C«H'A5(NO')*0  ;  the  copper  and  csobalt 
compounds  are  reprssented  by  thp  formula  4NH*.C*»H*M''(.N0')'0' ;  tJie  sine  and 
cadmium  compounds  by  the  formda  3NH'.C**H'ar(N0»)K>*. 

Pierate  of  Afuminium  separates  after  some  days  from  a  mixture  of  the  hot  sohi- 
tion?  of  chloride  of  aluminium  and  picrati*  nf  ammoninm,  in  stellate  ^upa  of  ciyatalii 
which  niy*  permanent  in  the  air.     (Carey  Le%  SilL  Am.  J.  [2)  ixin.  27^*) 

Pic  rate  of  Ammonium,   CIl'iNtf'X^*^*/*^*  crystnlliRi^  In  yellow  four-,  six* 
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and  eight-sided  prisms,  belongjing  to  the  trimetric  system,  and  ezMbitiiig  the  eombiiui- 
tion  odP  .  ooPoo  .  odPqo  .P.  Angle  <»P  :  odP  s  111©  :  odP  :  ooP  eo  »  145*; 
P  :  P  (terminal)  ^  IZ6°  ;  P  :  P  (basal)  «.  lib^  ^Lanrent,  BeT.  Sdent.  iz.  26).  It 
is  moderately  soluble  in  water,  sparingly  in  aloohoL 

Picrate  of  Barium,  Ci*H*Ba''(N0*)H>*.6HK),  ciystallises  in  monodinie  prisms 
of  deep  yellow  colour  (yellow  with  red  terminal  faces,  according  to  LeaX  '^^'J  aoliible 
in  water,  fVisible  and  explosive.  The  crystals  contain  11*16  per  cent,  water  of  crystal- 
lisation, the  greater  part  of  which  is  given  off  at  100^ 

Picrate  of  Cadmium  separates  from  the  solution  of  the  carbonate  in  hot  aqueous 
picric  add,  in  large  rhombic  pnsms,  isomorphous  with  the  ferroos  and  manganoiiB  salts 
Uf^ra),  yery  soluble  and  efflorescent ;  the  aqueous  solution  when  boiled  for  some  time 
deposits  a  brown  powder.    (Lea.) 

Picrate  of  Calcium  forms  prisms  more  soluble  than  the  barium-  and  stzontinm- 
salts. 

Picratea  of  Chromium.  Chromoua  acetate  dissolves  in  aqueous  picric  acid,  form- 
ing a  brown  liquid  which  dries  up  to  an  amorphous  mass.  Basic  chromic  carbonate 
diasolTSS  in  aqueous  piqric  acid  forming  a  greenish  solution  which  also  dries  up  to  an 
amorphous  mass ;  but  by  exactly  precipitating  a  solution  of  violet  chromic  solphate 
with  picrate  of  barium,  and  leaving  the  filtrate  to  evaporate,  small  greenish  nawile- 
•hapeil  ciystals  are  obtained.    (Lea.) 

Picrate  of  Cobalt,  C'^*Co"(NO*)H^.6H*0,  forms  dark  brown  needles  which  melt 
and  give  off  all  their  water  of  crystallisation  (14*4  per  cent)  between  10(^  and  ll(P. 
(Marchand.) 

Picrate  of  Copper,  C»«HKhi"(N0«)K)«.6H«0.— When  carbonate  of  copper  is  dis- 
solved  in  boiling  aqueous  picric  acid,  the  solution  evaporated  to  dryness,  and  the 
residue  treated  with  boiiine  absolute  alcohol,  neutral  cupric  picrate  dissdlTes,  while  a 
basic  salt  remains  behind.  The  neutral  salt  forms  small  green  ■hining  needles^ 
efflorescent  and  melting  at  100®  (Marchand).  On  adding  an  ammoniaou  solution 
of  cupric  sulphate  to  an  alkaline  picrate,  a  copious  ffreenish-vellow  precipiitate  is 
Cbrmed,  which  is  resdved  by  water  into  cupric  oxi£  and  picrmte  of  ammoDiom. 
(Lea.) 

Pic rateof  Glucinum  separates  in  golden-^eHow crusts  on  evaporating  a  eolation 
of  carbonate  of  elucinum  in  hot  aqueous  picric  acid.    (Lea.) 

Pier  at  tM  of  Iron, — The /erroiM  m^  forms  greemsh-yellow  crystals^  iaooioiphous 
with  the  manganous  salt.  The  ferric  salt  is  obtained  in  yellowish-red  prisms  and 
yellow  needles  by  exactly  precipitating  a  solution  of  picrate  of  barium  with  ferric 
sulphate,  and  leaving  the  filtrate  to  evaporate.  Aqueous  picric  acid  dissolves  but  a 
small  quantity  of  ferric  hydrate,  even  at  tne  boilins  heat.    (Lea.) 

Picratee  of  Lead,— The  neutral  salt,  C'«H*Pb''(NO«)K)«,  is  obtained  in  the  form 
of  brown  needles  moderately  soluble  in  water,  during  the  cooling  of  a  boiling,  dightly 
acidiUated  mixture  of  an  alkaline  picrate  and  acetate  of  lead.  (E.  Kopp,  Ann.  cL. 
Phys.  1.3]  xiil  233.) 

BasK  salts, — a.  By  predpitating  a  dilute  and  boiling  solution  of  neutral  lead-acetate 
with  picrate  of  ammonium  containing  a  large  excess  of  ammonia,  a  deep  yellow  powder 
is  obtained,  composed  of  rectangular  prisms  and  containing  C"H*Pb''(N0*)*0'.4Pb''0. 
— /3.  A  mixture  of  picrate  of  ammonium  and  slightiy  acid^ated  acetate  of  lead  yields 
on  addition  of  ammonia,  a  light  yellow  precipitate,  which  when  left  at  rest,  changes  to 
a  mass  of  shining  scales,  soft  to  the  touch  like  talc,  and  containing  C''H*Pb''(NC?)W 
2Pb''0.3HK)  (Marchand). — y,  A  boiling  mixture  of  picrate  of  ammonium  and  acetate 
of  lead  deposits,  according  to  Laurent,  small  dark  yeUow  rhomboidal  tables  appaientlT 
containing  C'«H«Pb''(NO«)W.Pb':H«0«.  '^ 

A  picro-^icetate  of  lead,  C"HW(N0«)H)«.C<H«Pb''0«.4HH)  (Marchand^  is  de- 
posited  in  light  yellow,  Tery  brilliant  rhombo'idal  tablets,  when  a  boiling  miztors  of 
potassic  picrate  and  an  excess  of  lead-acetate  is  left  to  cooi  This  compound  gires  off 
acetic  acid  when  dried. 

Picrate  of  Magnesium  forms  long  flattened  needles,  of  yellow  colour,  TSiy 
soluble  in  water,  nearly  insoluble  in  boiling  alcohol,  and  apparenUy  containing  5  at. 
water  of  crystallisation.    (Marc  hand.) 

Pfcra<«o/Afaw^ane«r,C'«H«Mn''(NO*)«0«.aH«0  (Marchand).— A  solution  of 
manganous  carbonate  in  hot  aqueous  picric  acid  crystallises  by  slow  eTt^wration  in 
large  rhombic  crystals  exhibiting  the  combination  ao]^ao  .  oo^ao  .  ooP  .  oP,  and 
appeiuring  pale  yellow  in  the  direction  of  the  principal  axis,  reddish  in  eveiy  other 
di^ction  (Lea).  According  to  Marchand,  the  crjvtsia  quickly  give  off  3  at.  water  on 
exposure  to  the  air  and  4  at.  more  at  130°. 

Picrates  of  M ereur y.—Tlie  mercuric  salt  is  deposited  in  small  yellow  prisms 
veiy  slightly  soluble  in   cold  water,  during   the  cooling  of  a  boiling  mixture   of 
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I  nitniie  and  picmtr  of  potAKsium  (Liebig).  The  m^rtmrie  9flt(  w^parHres 
Ktion  rf  mercurii*  oitide  iq  uqupotii  pime  acid,  in  orange-coToared  sbtuing 
i  which  effloFMcr  aod  turn  yellow  on  cxpoaura  to  the  air.     (Lett.) 

Pierate  of  Nick*),  C'^H*NnN0')*0l8E*0,  is  obtained  bj  iponrttneotw  empora- 
rtion  of »  solution  of  hydrat*-  or  eitrl>onate  of  nickel  in  aqueous  picric  add,  in  green, 
diclLTOtc,  ellloiv«eeDt  oyftali,  renr  soluble  in  alcohol     (M  a  r c  h  a  n  d. } 

Pierate  of  Potaatium^  C*H'K(NO*)"Ot  laobtained  by  neutralising  a  hoi  aqueous 
solation  of  pimc  acid  with  potash,  or,  according  tx)  Liebig,  in  the  state  of  greatest 
paritj  bj  digf*at]Dg  an  aqiiroas  solution  of  potasnc  chloride  with  mercnrous  pierate. 
It  cr^'Btallisea  in  yellow  rhombic  prisniB,  nsaally  with  a  metallic  reflex.  Observed 
«>mbinfttion  »P  .  anPoc  ,  Paa ,  Angle  30P  :  oeP  s^  110^  16*  30*;  f*«  :  fco  in  the 
brachydiAgonal  principal  section  «  139  25'.  Hatio  of  rertica.1  lo  horisontal  axes  ^ 
1  :  2704A6  :  1*88469  (Laurent,  Re?.  scienL  x.  26).  It  is  but  slightly  soluble  in 
water,  reqairing  for  solution  at  least  260  pts.  water  at  16^,  and  14  pts.  of  boiling  water; 
insoluble  in  alcohol.  Hence  picric  acid  forms  a  precipitate  in  solutions  of  potassium- 
sal  t«  if  not  t4>o  dilute,  c^pcciaUy  on  addition  of  alcohol.  When  heated,  it  asaumes  an 
oraiige  colour,  btit  becomee  yellow  again  on  cooling ;  when  strongly  heated,  it  dcooui- 
posas  with  detonation . 

Pierate  of  Silffer^  C*H*Ag(NO')*0,  forma  fi  nc  yeUow  shining  needles  veiy  sol  uble 
in  water. 

Pierate  of  Sodium  farms  slender  shining  yellow  needles,  soluble  in  10  to  14  pts. 
of  water  at  16^^  and  detonating  mtlier  strongly  at  a  high  temperature.  According 
to  Lea,  an  alcoholic  solution  of  picric  acid  forms  a  prt^dpitate  after  a  while,  tn  alkaline 
sulalions  of  sodium-salts,  when  sot  rcty  dilute:  hence  picric  acid  cannot  be  depended 
upuu  w  a  tent  for  distinguishing  between  potassium  and  sodium. 

Pier  ate  uf  Strontium,  C''H*Si^(N0*^*0".5IP0,  forms  hard,  shining,  yeUow 
eijitali»,  moderately  soluble  in  cold  water,  very  slightly  soluble  in  boiling  absolute 
akohol.     It  detonates  when  heated. 

Pierate  of  Zinc,  C*»H*Zn"(XO*)H3l7H»0?  forma  beautiful  rhombo'idal  prisms, 
dSoiKscent,  very  soluble  in  water  and  in  alcohol  It  gives  off  8  per  cent,  water  in  dry 
WLT^  at  ordinary  temperatures,  aod  14  per  cent,  (in  all)  at  140^. 

PiCBana,  AxoovoLtc.  Picntc  ETKUts.^Theonl;^  known  compound  of  this  class  la 
the  picrete  of  ethyl  which  is  produced,  according  Mitschedich,  by  boiling  an  alcoholic 
faolution  of  picric  acid  containmg  a  little  s^dphuno  flfiid  fbr  Mrenu  houts,  then  adding 
ammonia  and  water.  Th»  product  ciy^ftaflisee  in  scales  having  a  ^nt  yellow  colour, 
melts  at  94^,  and  begins  to  boil  and  decompose  at  300^.  It  is  inodorous,  but  has  a 
biting  and  bitter  taste.  It  is  sparingly  soluble  in  cold,  more  soluble  in  hot  alcohol 
(Mitseherlich,  J.  pr.  Chem.xxii.  195),  £r d  man n  (»&Mi.  axarii.  413)  was  not  able 
lo  prepare  picric  ether  by  the  process  ju^t  described. 

PiCRATKS  OF  OttOANic  Basbs.     (See  the  several  Basas.) 

PzouTBs  or  HYonocARnoifs Crystalline  componnds  of  picric  acid  irith  benMne, 

ni^thaleue,  and  other  hydrocarbons,  hare  been  obtained  by  Fritzsche  (J.  pr.  Chem. 
Ixziii.  212  \  Jiihrenb.  1867,  p.  466).— A  hot  saturated  solution  of  picric  acid  in  htnsent 
yields  shiiuag  tight  yellow  rhombic  crystals  of  tho  compound  C*H*,C*H^NO*)*0,  which 
remains  transparent  to  an  atmosph«%re  of  benzene,  but  when  exposed  to  the  ai?  im- 
mediately begins  to  give  off  benzene,  and  is  ultimately  reduced  to  a  brittle  mass  of 
crystals  of  picric  acid.  The  compound  melts  between  86^  and  ©O"  to  a  light  yellow 
liquid.  It  dissohes  without  decomposition  in  alcohol  and  ether,  but  cannot  be  crystal- 
lised therefrom.  Water  abstracts  picric  acid  from  it»  the  whole  of  the  benxeoe  then 
volatilising  at  the  boiling  heat. 

Picr<Ue  of  Naphthalene^  CHVC^IKO'y^O,  separatee  from  a  hot  alcoholic  solution 
of  the  two  substances  in  gold-yellow  oeedlra,  which  alter  being  rinsed  with  a  little 
alcohol,  may  be  dried  in  ^e  air  between  paprr.  Cold  alcohol  or  benaene  may  also  be 
used  as  tha  solvent  The  compound  melte  at  149°,  diasolves  without  decomposition  in 
alcohol  ether,  and  bensene,  ana  is  but  slowly  deoompoeed  by  boiling  water. 

Pieratf  of  Anthracene,  C*'H"CH"(NO«)K),  has  been  already  described  (pv  Zh\\ 

The  formation  of  these  compoundii  may  serve  for  the  separation  Offhydzoeaiboos one 
from  the  other.  Fritjische  found  that  ooal-tar  oil  boiling  at  160*,  and  f^  from 
acid  and  alkaline  products,  gave  with  picric  ai^id  an  immediate  and  abundant  prs- 
cipitate  of  yellow  needle- shaped  CT]|rstals  containing  only  one  hydrocarbon,  vis.  naoh* 
thalene,  on  further  addition  of  picric  acid,  a  crystaBised  compound  of  that  acid  with  a 
hydrocarbon  heavier  than  water  was  fomu'd ;  and  the  root hrr- liquor,  when  cooled  to  a 
very  low  temperature,  deposited  monodinic  crystals,  which  when  decomposed  by  ttiii- 
monia  and  distilled,  yielded  a  hydrocarbon  of  variable  boiling  point,  but  related  to 
ctimi^ne  in  compui>itiou  uud  prtjpn'tiH!^.  Other  triuitro-acids  unite  with  hydi-ocarb^nm 
in  a  Mm  liar  manui^r 
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chim.  1S49,  p.  468.) — Formed  by  the  aeUoii  of  mlpliMle  of  iwBWinm  op  dinitroiilioBie 
add.  When  diiutropheiiate  oiammooinm  is  g«otlj  heated  with  iwJphiiio  of  ivubobub* 
ft  biiek  reaction  tak^  plaee  after  a  few  mlDotca,  and  the  leraUiiig  nearij  black  saai 
depooits  on  ouoiiiig  lai^  blaefc-brown  oeedks,  which  may  he  freed  from  eifcem  of  aal- 
phide  of  ammooiara  bj  boiling  with  »c«4ie  add,  and  pnnfied  bj  two  or  three  oyaCal- 
lieations  from  water. 

Nitropbenamic  eeid  thm  obtained  forms  bbick-biowo  needke  whieh  jield  » jellov 
powder.  Th^y  are  hexagonal  pcinne  with  tonr  ua^  of  ISl®  3v  ^ad  two  of 
97^.  Thpy  contain  10  per  eent.  or  4  at.  water  (C*'H'^H>'.4ffVX  which  tbmj  giro  off 
bftween  100°  and  Ua<>.  The  aeid  ia  Teiy  ati^lalj  aolnble  is  cold  water;  mndmwUAj 
aoloble  in  alcohol  and  ether.  When  heated  it  first  gires  off  its  water  of  ceyatajiipatinn, 
thfUi  melta,  thiowaoff  a  few  eolourleaa  acalea  and  a  brown  oil,  and  leafea  aa  ^Imniifiit 
reeidne  at  charooal  which  takes  fire  whoi  strongly  heated. 

Nitropkenamate  of  am$iumium  does  not  appear  to  hare  been  obtained  ia  thm  solid 
state.  The  acid  disoc^Tes  in  amaMoia,  fimning  a  deep  nd  aohitiun  which  givaa  off  all 
its  ammonia  during  eonoentiation.  The  potasnmm^tak,  C^'H^KKH)*,  ftiiwa  ssmU 
erystalline  nodnles  raj  solnble  in  water  and  ia  alooboL  The  iarhtm  §mit  ionm  spar- 
ingly soluble  brown  needles,  obtained  by  adding  aeelate  of  bacbim  to  an  ammoniaflpl 
SMotion  at  the  acid.  The  caicium'talt  obtained  in  like  manner  sepazatea  after  a  while 
in  smsll  needles.  The  eopper-talt  is  a  yellow-green  precipitate;  the  lead  aalf  an 
orange-brown  predpitate.  The  silvfrsalt,  C^'H^AgMH)',  b  a  daik  bcown-ycilov  pva- 
dpitau  which  separates  in  scales  from  hot  solutions. 

athyl^iittroplieiiidiM     or      yiteoplMtnfit|<Hna,     C^\C*WXKFXSO*)0. 

(Cab ours,  Ann.  Ch.  Pbys.  [3]  xxviL  463.) — A  base  prodnoed  Tij  pfmimr  aolpby- 
dric  add  and  ammonia  gaees  simoltaneooBly  through  a  sohition  of  ethylic  Aiitiophe- 
nate  (^.  399).  It  cnrstaUises  in  brown  needles  resembling  methyl-nitiophenidine  or 
nitranisidine  ^L  304).  It  acts  on  chloride  of  benzoyl  when  hesled  with  xt;  ^^wwing 
a  product  which  crystallises  from  alcohol  in  small  needles.  It  finma  qjataTliiwi^e 
salts  with  hydrochloric,  nitric  and  snlphnric  adds. 

INcnuBiOf  »lBitvwplMB#mle»  or  Umiila  rtlnlfwapHwila  A«M»  0%W*04  — 

JSpm.  421.-^:?(rQhier, 


(N0«)»  13  -  C^«(NH«XNO^  (Girard.  .Compt  rend. 

Pog^  Ann.  ziii.  488.--E.  Pugb,  Ann.  Ch.  Pharm.  xovi.  83.) — Prodoeed  by  the  ad 
of  imphidu  of  ammonium  or  of  ferroos  salts  on  picric  acid. — I.  When  svlpfa^ydrie  aa 
ii  passed  in  excess  thropffh  a  sattmtted  alcohohc  solution  of  picric  add  nentraSapd 
^th  ammonia,  the  liquid  acquires  a  dc^ep  red  colour  and  deposits  a  mass  of  darit  tea 
crystals  of  jpicramate  of  ammonium,  an  additional  quantity  of  which  is  obtained  oil 
difttilliDg  off  the  alcohol;  and  from  this  s^lt  the  acid  may  be  separated  by  predmtatiiNoi 
with  ocetic  acid  from  a  hot  solution  (Girard).— 2.  The  nitrokamatie  acta  wldck 
W  o  h  1  e  r  obtained  by  the  action  of  ferrous  sulphate  on  picric  add  has  be^i  ahowi^  to  be 
identical  with  picramic  acid  (p.  403). 

Picramic  add  separated  from  its  ammonium-salt  by  a<^tic  add  forma  beautifolied 
needles,  often  grouped  in  tabular  masses  (Girard);  from  an  etherei^  solution,  it 
crystallises  in  distinct  prismatic  crystals  with  very  acute  terminal  facei^  ganieV«(ioiue4 
by  reflected,  yellowish-red  by  transmitted  light  (Pugh).  It  baa  a  slightly  bjwr 
taste  (Girard);  docs  not  taste  bitter  (Pu^h).  Melts  at  165°,  and  s^difles  in  a 
crystalline  mafts  on  cooling  (Girard).  It  is  nearly  insoluble  in  water,  eran  at  the 
boiling  heat,  but  soluble  in  alcohol  and  ether  (Girard). 

The  acid  heated  above  165°  is  decomposed,  with  eTolution  of  tarry  Tspours  con- 
taining hydrocyanic  acid  and  ammonia,  and  leaves  a  residue  of  charooal  (Girard, 
Wohfer).  It  bums  vividly  when  thrown  on  red-hot  coals  (Girard)^  It  diavolTes 
at  ordinary  tc^mperatures  in  sulphuric  acid,  forming  a  red  solution  fjroin  wfaidi,  on  dil- 
ution with  water  and  addition  of  ammonia,  the  picramic  add  separates  out  unaltmd : 
«imilariy  with  hydrochloric  add;  but  by  hot  concentrated  sulphuric  add  it  is  decom- 
posed and  carboniped  (Girard).  Strong  vitric  acid  deoomposea  i%,  with  abundant 
evolution  of  nitroun  fhmes,  the  liquid  assuming  a  straw-yellow  colour  and  the  ncramie 
add  being  converted  into  picric  acid  (Girard,  Pugh).     According  to  Wohler, 
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nitftihsniiitic  icid  ii  not  n^nvvRod  into  picric  add  bv  the  nction  of  oitnc  add  ;  and 
MQOldillg  to  Carrjr  Leu,  this  is  alMo  tht\>  com*  with  picramie  acid. 

Fienaiie  iicid  unit^  r*>i**lily  irith  basr*.  Ita  salt«  are  mostly  ciTStaUind;  their 
gWDCnl  IbrtQulii  i»  C*H*MNK>^  Tho  solutioiia  of  the  alkaline  picratM  precipitate  the 
■aha  of  ooppcr,  mcrcurj  and  biIt^,  but  not  thoee  of  mati|pui««e,  iron,  cobalt,  or 
nickel 

FUramnte  of  ammonium,  C?*H*<NH*)N'0',  |>reDared  oe  abo^^  lepantea  from  the 
alcoholic  folaClon  by  spontaneoiM  eTapomtion,  in  Oark  orange-rrd  riiombohedral  table!). 
Il  doea  not  deooinpOM  at  lOO^,  but  at  135<^  it  ^fflarescea  and  girat  offammoiiia;  meita 
at  165",  and  deeompoeea  at  a  higher  t^mpemture.  It  diaaolvei  readily  in  water  and 
alcohol,  forming  deep  red  »jlutiotis,  but  ie  inaoiuble  in  ether.  The  aqueous  aolutioa  ia 
deoompoeed  by  continual  boiling,  with  separation  of  a  htown  pcfwd^t,     (G  i  ra  r d.) 

FicmmaU  of  OmBiTt  C'*HH5i''N*0»»«  ia  a  yeUo^nah^green,  amorphous  precipitate, 
which  detontttai  a^^itly,  ii  inMluble  In  water  and  aloohoU  but  aoluble  in  acida. 
(Qirard.) 

Pkramaie  0f  la^  is  as  ofsBg^-eoloorod  powder  whi«h  asplodea  whf^n  heated,  and 
ftlao  by  peteoaatoa,  but  witiboni  aweh  notw.  It  diaaolvea  in  water,  ammonia  and  adds, 
but  ia  inaolnble  in  alcohol    (G  i  r a  r d. } 

Piorwmate  of  Polasfiumt  C*H*ElKK)*. — Obtained  by  dacompoaing  the  hot  eola- 
tion of  tlie  amiooiua-flalt  with  potaah.  Separates  on  cooling  in  red  traneparent 
elongated  rhombic  tables,  oontainiiig  19"d  per  C4?ot  potaaL  It  deoompoeefl  with  alight 
detunattOD  when  somewhat  strongly  heateo,  and  leaves  a  residue  of  charcoal.  DisaoUea 
pretty  easily  in  water,  sparingly  tn  alcohol.    (Oirard.) 

Pkyaia  oj  Barium,  C'*H'Ba'Ti*0**. — On  decomposing  a  hot  solutioa  of  ptcramabe  of 
ammonium  with  nitrate  of  barium^  this  salt  separates  in  small  fulky  tnfta  of  red  and 
goldt-n-vidlow  needlesi  It  bears  a  heat  of  200*'  without  dcconipo«ihon,  but  detonAti^s 
at  afaiffher  tempermture,  leairtng  a  reatdue  of  charcoal  Dissolves  sparingly  in  water  and 
aloohoL     Containa  27*9  per  cent,  barrta.    ^Qirard.) 

Pkramate  </  StlptTt  C^^AgN'O*.  is  obtained  by  deeomposinff  the  amraonta-salt  with 
nitrate  of  silTeri  in  the  form  of  a  brick-red  amorphous  precipitate,  wliich  do^  not 
blacken  by  ezpoeure  to  lights  but  decomposes,  with  blackening,  at  about  Hfl^,  leaTioj;^ 
a  residue  vhich  melts  at  about  165^^.  On  glowing  coals,  it  bums  without  detonation. 
It  is  insolubl'T^  in  cold  water  and  in  alcohol  Boiling  water  decomposes  it,  leaving  an 
insoluble  rcaidue.     (Girard.) 

IVttrootil0ropti0tiAmle  or  AiniaQtiitrocbloroptieiilQ  A^td,  C*H*NK710*  » 

^Cl  f  O  *  C*H'(NH'XN0»)C10.  (Grieaa,  Ann.  Ch.  FhAnn.  eix.  286.)— When 
H  I 
diiiitrochloropbeni^?  odd  or  its  ammonium-salt  (p.  iOO)  Is  digested  at  a  gentle  hoat  with 
fiulphide  of  aciiraonium,  the  liquid  assumes  a  blood^red  eoJoar  and  deposits  sulphur ; 
and  on  adding  acetic  acid  to  the  concentrated  fiitrata,  nitrcMshknophemunie  aeid  is  pre- 
npitated  and  may  l>e  purified  by  ofyatttUisation  trom  hot  water.  The  cryst-als  dried  at 
the  ordinary  temperature  contain  2C?"H*N*C10*.H*0,  but  become  anhydrous  at  lOO**, 
aavumiug  at  the  same  time  a  scarlet  coloor.  The  acid  has  a  iwv^tiih  taste  with  b]tt«?r 
aft^rta^te.  When  heated  it  turns  red.  melts  at  about  160^^  solidifying  again  at  140^ 
to  a  brown  crystalline  mass,  and  sublimes  with  partial  decomposition.  It  dissolrea 
but  sparingly  even  in  hot  water ;  the  hot  satarated  sokitioin  solid iflea  on  cooling  to  a 
network  of  brass-yellow  capillary  needles.  It  diaMlvM  aaflily  in  alcohol  and  fthrr,  also 
imti^Krle  and  k^droehiorie  oMa  at  indiBBij  temperaturea^  Warm  eooeentrated 
nUfi^^eid  decomposes  it  Nitrtma  aaid  nedooea  it  to  diatonitrochlorophenol 
(p.  4t>8). 

The  nitrochlorophenamates  of  the  alkali-matala  and  alkalina  earth>metaU  are 
inaoluble.  The  sult«  are  mostly  yelluw  or  brown-red,  and  detonate  when  healed.  The 
HlWiWiOWiltin  niTi'f.  C'H\NH*)N*C10",  crystallises  from  the  solution  of  the  add  in  aqueous 
rauDonlB  in  yellowish-red  crystals;  iUt  blood-r«d  aqoeous  solution  gives  off  ammonia 
when  iTaporated ;  so  likewise  does  the  solid  salt  when  left  over  oil  of  vitriol  in  rare- 
fled  aiz.  The  harium^atdi  Ibrms  brown^ivd  dystals  easily  soluble  in  water.  The  Irad* 
sait,  C**H*Pb'*N*Cl*0*,  ia  obtained  by  adding  neutral  lead-acetate  to  the  solution  of  the 
ammonium- Hal t^  sb  a  brown-red  precipitate.  Tho  Ammonium-salt  gives  a  yellowish- 
green  pi«eipttate  with  cuprw  tuIphaU,  yellow  with  fmrcuric  ckkriaef  brown-red  with 
Mlratea/fi/ner. 

2.  B^  H^rmdic  deid  and  Stmttwm  Gkkmde. 

Picric  add  treated  mtb  dther  of  these  reageuta^  yields  a  salt  of  picramine  (^.  v.) ; 
aee  alao  p.  403. 
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8.  By  Cyanide  of  Potassium, 

Picric  Hcid  treated  with  this  reagent  is  converted  into  isopurparie  or  ptero- 
cyamic  acid,  already  described  (iii.  433). 

Metapurpuric  acid,  OH«N*0*.--Thi8  add,  relate  to  dinitrophenic  acid  in  the 
KHD1**  manner  as  isopurparie  to  picric  acid,  is  obtained  as  a  potaasiiim-aalt,  whenao 
aqueous  or  alcoholic  solution  of  dinitrophenic  acid  is  added  by  drops  to  «  soliitloii  ot 
cyanide  of  potassium  heated  to  60°.  A  dark  coloured  crystalline  powder  is  then  ]«•• 
cipitated,  which  may  be  purified  by  washins  with  a  little  cold  water,  reerystalliang 
from  hot  water,  pressing,  and  drying  over  oil  of  vitrioL  Metapurpurate  qfpatasmum 
thus  obtained  is  a  dark  red  substance,  exhibiting  metallic  lustre,  and  dissomng  with 
deep  crimson  colour  in  water  and  in  aloohoL  The  solutions  hare  the  odour  of  ejuoio 
acid.  The  analysis  of  the  salt  leads  to  the  formula  C*H*KNK)*.HH>.  It  becomes  an- 
hydrous when  heated.  The  solution  gives  dark  brown  precipitates  with  the  ehlondes 
of  barium  and  strontium,  and  with  most  metallic  solutions.  The  sUversaU  is  red,  with 
green  metallic  lustre.  The  add  itself  has  not  been  isolated.  (Pfaundlsr  and 
Oppenheim,  Bull  Soc.  Chim.  [2]  iv.  99.) 

4.  By  Nitrous  Acid.    DuaoirrrBOPKiNOLS. 

a.  iHaiMnitroplienol.  C^'NH)"  «  C^'N*(NO*)0.  (Gries8,Ann.Cai.FIiann. 
cziii.  201.)~I^t>daced  by  passing  nitrous  add  yaponr  into  an  ethereal  solatioo  of 

nitrophenamic  add  (p.  406): 

C^«N«0«  +  HNO«     -     C«H»NK)"  +   2HH). 

It  then  separates  as  a  brownish -yellow  granular  mass,  and  is  obtained  in  the  sama 
form,  recrrstallised  ftx)m  aloohoL  It  yields  a  light  yellow  powder  taming  red  on  ex- 
posure to  light ;  explodes  with  ^reat  violence  when  neated  to  100^.  It  dissohres  ^maSlj 
in  alcohol,  slowly  and  with  partial  decomposition  in  hot  water,  a  red  amoiphoiis  pow- 
der then  separating,  and  tne  filtrate  on  cooling  depositing  diaionitrophenol  in  onall 
yellow  prisms.  It  dissolves  without  decomposition  in  cold  kydrocKlorie  and  suipkurie 
acids.  When  boiled  with  fuming  nitric  aotd,  it  forms  a  compound  which  separates  in 
yellow  fiocks  on  addition  of  water.  On  adding  carbonate  of  potassium  to  the  alcoholic 
solution  of  diasonitrophenol  and  applying  a  gentle  heat  nitrogen  ii  evohed,  and  the 
residue  left  on  evaporating  the  alcohol  yields  with  acids  a  brown-red  amorphoiiB  pore- 
cipitate  which  might  be  expected  to  exhibit  the  composition  of  nitvpphenie  aod, 
C*H^KO'  (see  the  corresponding  decomposition  of  diazodinitrophenol,  tff/VaX  hot  ia  in 
reali^  different  both  from  that  compound  and  from  its  isomer,  iaonitrophenie  acid 
(pp.  394,  395). 

DlasodinitropbenoL    C«H^«0*  «  C*H^I^(NO*)*0.    rGriess,  loe,  ef<.>— Pjeo> 

duced  by  passing  nitrous  add  gas  into  an  alcoholic  solution  of  picremic  add : 
C«H»N«0*  +   HNO*     -     (^^«N*0»  +  2H«0. 

If  however  the  picramic  add  used  is  impure,  or  if  it  be  added  to  alcohol  pwfiwly 
saturated  with  nitrous  add  and  slightly  warmed,  nothing  but  dinitzophenia  add 
is  obtained. 

Diazodinitrophenol  crystallises  in  brass-yellow  or  golden-vellow  lamine,  spazing^j 
soluble  in  water,  alwhol,  and  ether;  is  neutral  to  vegetable  colours;  has  a  bitter  tasts; 
and  detonates  violently  when  heated.  It  is  dissolved  without  decompodtioD  by 
wincral  acids,  but  is  decomposed  when  heated  wi\}ifunUng  sulphuric  and;  dry  ektcrms 
does  not  act  upon  it.  When  boiled  fbr  some  time  with  water,  it  is  decomposed,  with 
formation  of  a  resinous  body,  and  a  red-brown  pulverulent  substance  soluble  in  alcohol, 
ether  and  alkalis,  but  not  crystallisable.  On  adding  carbonate  of  potassium  to  the  al- 
coholic solution  of  diazodinitrophenol,  nitrogen  is  evolved  and  dinitrophenic  add  is 
produced,  the  colour  of  the  liquid  changing  from  yellow  to  red : 

C«H»N«0»  +   H«0     -     C«HXNO«)K)   +  N«  +   O. 

The  oxygen  set  free,  according  to  this  equation,  is  probably  consumed  in  ozidiaing  the 
alcohol. 

UlaxonltrooUoropbeaol.  C«H*NKn<3«  -  C«H«N«(NO«)aO.  (Griess,  loc.  cil) 
This  compound  is  formed  when  a  rapid  stream  of  nitrous  ada  gas  is  passed  thiougfa  a 
slight! V  warmed  solution  of  nitrochlorophenamic  add,  or  when  the  latter  is  added  to 
alcohol  previously  saturated  with  nitrous  acid.  By  reciystaUisation  from  alcohol,  it  is 
obtained  in  large  brown-red  prismatic  crystals.  It  is  sparingly  soluble  in  a/enAo4 
ether  and  hot  wattr,  crystallises  from  hot  water  in  greenish  gold-yellow  laminie,  fW»m 
«'lher  in  furcate  groups  of  needles.  It  dissolves  in  sidphuric  acid,  and  separates  fiom 
the  solution  after  addition  of  water,  in  Ions  thread-like  crystals,  and  is  soluble  without 
d(composition  in  acids  in  general.    It  yields  a  yellow  powder  turning  red  on  ezpoauia 
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tu  light ;  detooateti  riol«Dtl,v  abuve  100^ ;  and  when  tniii«>d  ia  tikoholic  Kolution  with 
idkuliM,  giTfV  off  iiitxog;(*n  and  yields  mtrochiuroph^tiic  acid. 

Appendix  to  PhefUtt-dertvatiiSfs, 

Tii'lodoplieikle  Aeld<  CH^PO. — Obtained  hj  tre«itiiig  pheool  with  s  oon* 
Kidf^rablf  qoaDtitj  of  protocliloridc  of  iodiae.  On  diflsolTiDg  the  product  in  ttoda  and 
acidolatiog  wxth  salphone  ju-id,  a  prrcipitiit«  \a  obtaiiied  consistiiig  of  mono-,  di-,  and 
tri-iodophenic  acida,  from  which  the  two  former  may  be  oxf  ni«ted  by  b<jiUng  (dcohol  of 
60  per  ci^nt.  The  residae  diasolrea  slowlv  in  stroug  alcohol  nt  the  boiling  hfat«  and 
the  solDtion  when  •raponi'ad  depcsits  tn-iolopbeni^  acid  in  mdiat«  grriup^  of  yellow 
cryitak.  It  ia  eaaily  aolnble  in  ether,  and  decomponf^  when  heat^,  with  eopiotii 
diMngagflfment  of  iodiiie.  Treated  with  excees  of  protochloridr  u{  iodine,  it  yielda 
penlaehlorophenie  acid  (p.  393),  which  may  be  snbtimed  m  apleudid  white 
needier    (Schutaenberger,  Hull.  Soc  Chim.  [2]  iv.  102.) 

FSSVO&-JUUUB.  Also  ciiUed  Arulin,  A  blue  dye  obtained  by  heating  pseonin 
(p.  324)  with  Miuliuo.  {f^e  Hofmann's  Rrport  on  Chemical  PntducU  ^c,  in  the 
Exhihitum  of  1 802,  p,  135.) 

FSiaroaLACSTSO  achi.  Syn.  with  PftmsmjOLTcoixxc  Aczs.  (See  Gltcol- 
uc  KTHjuLft,  ii.  918.) 

raSMTIU  C*H^.  In  the  free  atate  C'^H**.— The  radicle  of  pb«nol  or  phenvlie 
alcohol :  known  alao  in  the  form  of  chloride,  bromide,  acetate,  &i\  It  in  obtained  in 
the  frt^e  state:  1.  By  the  action  of  salpharic  acid  on  a  colourteas  oil  (probably  phenylic 
ojtide  (C'H*)'©,  p,  il6),  rptnlting,  among  other  producta,  £k>m  the  dry  distillation  of 
ciipnc  benzoate  (List  and  Limpricnt,  Ann.  Ch.  Pharni.  xc.  209). — 2.  By  this 
action  of  sodium  on  phenylic  bromide  or  bromobeneene  (Ftttig,  ilnd,  cxxi.  361; 
cixxii.  201),  or  of  sodium-amalgam  on  phenylic  chloride  (Church,  Chem^Soc  I.  xri. 
76).  Fittfg  prfparee  it  as  follows : — A  mtxture  of  benzene  and  bromine  in  «>iqmralentpro* 
portions  is  exposed  in  a  retort  to  diffused  daylight  for  eight  to  fourteen  days  or  as  long 
as  white  fames  of  hydrobromic  acid  continue  to  appear ;  the  contenle  of  tie  retort  are 
then  difftiUed  into  a  reoeirer;  the  distillate  is  shaken  with  aoda-leytill  it  becomes 
cobiirlesa  \  the  watery  liquid  ii  remo?od  ;  and  the  oil  carefyiy  dried  with  chlcrido  of 
cddumand  rectified^  collecting  apart  the  portion  whicli  pasMeorer  below  100^«  Thia 
diHiillate,  consisting  of  benzene  and  monohromobenzene  or  phenylic  bromide,  is  mixed 
ill  a  retort  with  an  excess  of  sodium  cut  into  thin  slices;  the  retort  is  left  to  stand  for 
21  hours  in  cold  water;  and  the  product  dirtilled  off  The  distillute  is  easily  resolved 
by  one  rectification  into  benzene  find  pur^^  pb<'uyl,  which  immcdiAtpIy  ^oUdifien,  It  i^ 
important  that  the  mixture  of  beuiene  und  ph<*nylic  bromide  b*^  coTiipleti  ly  dehydraTM 
before  treating  it  with  sodium,  other* i"*^-  the  hyiirogfU  evolved  from  the  water  witl 
unite  with  the  ua^cont  phenyl  and  convert  a  portion  of  it  into  bemeene.  A  mixtum 
of  pure  phenylic  bromide  with  nn  equal  volume  of  anhydrous  ether  may  atao  be  used 
inatead  of  the  mixture  of  phenylic  bromide  and  benxpne^  but  it  is  leaa  advanttigeous, 

3.  Phenyl  ia  also  produced,  together  with  benzene  and  other  products^  by  the  action 
of  alcoholic  potash  on  nitrate  of  azopbenylamine  (p,  432) : 

2C*H*N'     ^     CH-O       -       C"H^*     4     C*H*0     +     N'. 


Au>]>KenfU 


AkoboL 


Ftaeofl. 


Aldehfde. 


On  heating  the  mixture  in  a  retort,  benzene  |>assi«  otat  with  the  alcohol  and  aAer< 
wards  the  phenyl,  which  condfuors  in  the  receiver  as  a  crystalline  mase.  and  may  be 
purified  by  repeated  OTataUlsAtion  from  alcohol.  (Or i est,  Phil  Trana.  1864  [3] 
6P2.) 

4.  Together  with  other  products,  by  heating  sulphate  of  diaBobenaidine  (p^  412) 
with  alcohol    (Griefs.) 

Phenyl  dystAlliaet  from  alcohol  in  iridescent,  nacreous  seniles  whieh  melt  at  69^  and 
sublime  at  a  higher  temperature  (List  and  Limpricht);  in  shining  lamin«  melting 
at  70'5o  (Fittig),  70*=  (Gricse),  and  boiling  betweeji  239*'  and  240^  fFittig).  It 
givee  by  analysis  9376  per  cent  carbon  and  6*25  hydrogea  (List  and  Limpricht) ; 
93  24  carbon  and  6  65  hydrogen  (Fittig), the  forronlaC^'H**  requiring &3 -51  ctirlxm  and 
64  9  hydrogen.* 

It  is  converted  by  bromine,  with  evolution  of  hydrobromic  acid,  into  bromophenyl, 
CH'Br',  and  by  fuming  nitric  acid  into  nitrophenyl,  C''H'(NO»)», 

The  formation  of  these  compounds  shows  that  the  formnU  of  phenyl  in  the  free  state 
is  not  C'H',  but  C'-H'* ;  for  if  it  were  C*H*.  that  of  bromophcnyl  would  be  C*H*Br,  and 

•  Ut\  it;d  Umpr*rt»t  wMRHirfl  lo  their  prml<iet  lh#  formuU  C'^ir.  whkli  however  d««s  not  i«nte  w 
m*  W  withthelt  fti}«ly»ii  mt,  th«t  uf  plw^yl,  C'*H^**  r«qulKni  94'«l  p*r  c«ni,  C.  sii<l  *HI«  H. 
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that  of  Bitrophenyl,  CH^NO*) ;  but  these  formule  ue  inadnuMibl^v  beeause  the  sum  of 
the  hydrogen-  and  bromine-atoms  in  the  one  case  and  of  the  hydrogen-  and  nitrogra- 
atoms  in  the  other  is  uneven.  In  this  respect  then  phenprl  in  the  free  state  agrees  with  tb  a 
other  so-called  alcohol-radicles,  methyl,  ethyl,  &;c  Fittu  howerer  regards  the  compound 
C'*H'*,  obtained  as  above,  as  bearing  only  a  distant  relationship  to  the  radicle  of  the 
phenyl-componnds,  and  accordingly  designates  it  by  a  different  name,  via.  di phenyl, 
on  the  ground  that  the  compounds  formed  flom  it  by  the  action  of  bromine  and  nitric 
acid  do  not  belong  to  the  same  series  as  phenjUc  alcohol  and  its  derivativea.  In  tl^ 
respect  however  phenyl  does  not  difl^  essentfally  from  methyl,  ethyl,  and  their  homo- 
logues,  inasmuch  aa  Base  of  these  bodies  are  found  to  vield,  by  combination  or  substifti- 
tion,  compounds  belonging  to  the  same  series  as  the  alcohol  from  which  ther  are 
supposed  to  be  derived :  methyl,  C*H.\  for  example,  when  treated  with  chlorine  vielde, 
not  methylic  chloride,  CHH}1,  but  ethyUe  ehloviae,  C'H'Gl,  and  moBochlorinated  ethy- 
lie  chloride,  CH*C1',  a  compound  related  to  methyl,  CH*,  exactly  in  the  same  manner 
as  dibromophenyl,.C'*H*Bi*,  is  related  to  phenyl,  C*H**.  If,  as  Sdiorlemmer^s  ex- 
periments seem  to  show,  all  the  so-called  slcohol-radiclee  in  the  free  state  are  really 
hydrides,  the  so-called  phenyl  or  diphenyl  must  be  regaided  aa  the  hydride  of  the 
radicle  C«H». 

mromophetMjI*  C'*H"Br*.  Dibramodiphenyi.  (Fittig,  Ann.  C9i.  Pharm.  esxxii. 
204.)— This  compound  is  produced : — 1.  By  saturating  phenyl  with  excess  of  bromine 
under  water  till  it  forms  a  doughy  mass,  removing  the  excess  of  bromine  by  washing 
with  soda-ley  and  crvstallising  the  now  solid  product  from  boiling  benxene  (Fit tig). 
— 2.  By  heating  perbromide  <^  diazobenzidine  (p.  412)  with  carlwnate  of  sodium,  or 
boiling  it  wiUi  Scohol  (Griess): 

C'«H«N«.H»Br».Br*  -  C»«H«Bi»  +  N«  +  Br*. 
II  lorms  eoncei^ric  groups  of  nither  Lvrge  eokorleMi  prisna  hBviag  »  splendid  lustre 
and  strong  refracting  ^wer,  iisolable  in  waier  and  in  coU  tUtoiol,  sparingly  soluble  in 
boiling  alcohol,  easily  m  henmmf.  It  melts  at  164**  to  a  eolouriesa  liuBid  which  may  be 
cooled  below  150°  without  solidifying ;  at  a  higher  temperature  it  distils  without  de- 
composition. It  ia  not  attacked  by  aic<^olie  potash  or  potassio  aoetate,  ctbu  after  pro- 
lonfl^  boiling,  and  therefoM  does  not  exhibit  the  eharaeters  of  bromide  of  ehrysene, 
G'^H'^r* ;  neither  can  this  hydrocarbon  be  separated  from  it  by  the  action  of  sodium. 

CbloropbenyL  C**H*C1*.  Dichlorodiphcnyl.^  Produced  by  heating  the  chlopo- 
platinate  of  diazobenzidine  (p.  412)  in  a  retort,  with  4  to  6  times  its  weight  of  sodic 
CHrlx>nate.  A  copious  evolution  of  gas  then  takes  place,  and  chloiophenyl  distils  over 
as  an  oily  body  which  solidifies  to  a  white  mass  in  the  neck  of  the  retort^  and  may  be 
purified  by  rocrystallisation  from  boiling  alcohol : 

C»«HW.HK;RPtCl*     -     C>*H«C1«  +   a«  +  Pt  +  N*. 
It  crystttUiges  in  white,  usually  well-developed  prisms^  insoluble  in  waitr,  sparingly 
soluble  in  alcohol  even  at  the  boiling  heat,  but  readily  soluble  in  ether.     It  melts  at 
148®  to  a  yellowish  oH,  which  can  be  distilled  without  decomposition.    (Ori ess,  Phi!. 
Trans.  1864,  Pt  iii.  p.  T30.) 

Kltropbenyl.  C'*H^NO»)».  Dinitrodiphenyl  (Fittig,  Ann.  Ch.  Pharm.  cxxir. 
275.) — A  solation  of  phenyl  in  fuming  nitric  acia  solidifies  to  a  mass  of  needle-shaped 
crystals  consisting  chiefly  of  this  compound.  It  is  purified  by  filtering  the  liquid 
through  gun-cotton,  washing  the  remaining  crystalline  mass  with  water,  boilinff  it  with 
small  quantities  of  aleoho^  as  long  as  Uie  liquid  is  coloured  yellow  thereby,  and 
crsytallising  the  white  mass  five  or  six  times  fW>m  alcohol,  taking  care  that  a  small 
portion  remains  each  time  undissolved.  When  thus  purified  it  crystallises  in  long 
colourless  needles,  which  melt  at  213°  and  decompose,  with  separation  of  charcoal,  nt 
a  Htronger  heat.  It  is  quite  insoluble  in  water,  and  very  sparingly  soluble  in  alcohol. 
By  covering  it  with  alcohol  and  sulphide  of  ammonium,  and  passing  sulphydrie  add 
gas  through  the  liquid  till  the  whole  of  the.  nitrophenyl  is  disf^>lvea,  it  is  eoBv«*Tted 
into  amidonitrophenyl  C"H"(NH»XNO»),  and  amidophenyl  C'»H«(NIP)», 
which  is  identical  with  Zinin's  benziaine  (i.  544 X  the  former  or  the  hitter  pre- 
dominating according  as  the  decomposition  takes  place  in  a  cold  or  a  hot  solution. 
These  two  bases  are  easily  ftepnrat4Hl  from  one  another,  as  the  latter  only  \»  soluble 
in  hot  water,  alcohol  or  hydrochloric  acid,  and  is  almobt  wholly  precipitated  fWnn  these 
solutions  by  sulphuric  acid. 

Itonitrophcnyl,  C'*H'(NO*)'. — Tliis  compound,  formed,  simultaneously  with  the 
nitrophenyl  al)Ove  described,  by  the  action  of  niming  nitric  add  on  phenyl,  remains  in 
the  muther-liquor  after  the  latter  has  crystallised  out.  On  mixing  the  acid  filtrate  with 
water,  a  t«oft  yellowish- white  mass  separates,  which  by  repoati'd  crystallisation  from 
alcohol,  may  be  resolved  into  liquid  nitrobenzene  and  crystalline  isodinitiophenyl. 
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Th«  latter  b  inaoliiUA  14  KttliPi  msUt  toluble  in  llot  uhokol.  It  ia  ditdsgiiUbed  ^m 
nitrotilieajl  by  m«hiog  iit  %  rnnob  fow^r  teiDp«T«tiir«L.  vis.  at  936^,  ajid  by  fDrmiag 
with  iv^nciDg  Agent*  two  bftae*  difliirijkg  in  propntiee  from  the  two  jiul  described, 
though  agTveing  with  ihem  LQ  «Dmpoiiition.     (Fiitigr  l^-  <^^) 

Sf^dOQiatropbanjl.  C"H«Br«(KO*)»  Bihromodimtf^iphengl  (Pit tip.  Ann, 
Ch.  Pharm.  cxxxii.  206.  )-^BK>tticiphenyl,  g«tly  Keat^  with  fuming  nitric  acid,  dii- 
soItm  with  toiBewbat  stuong  peartion,  andaftemfewmiiinteet  the  whole  solidifit's  lo  nptilp 
of  fine  tiMdIa-sllftMd  orystius  oit\m  oomponiid,  whsdi,  aHer  waaking  with  wat4«r,  mnybo 
erjftftlUied  from  hot  b«Dzen<^  It  i*  paviert^  iaaolable  in  waUr^  rery  ^ipiirLugly  soluble 
in  eJWAoi  «Tea  at  Iha  boiling  h«iit»  nore  ei«0y  in  hoi  hm^tn^i  whence  it  <*ryttAlhie8  in 
gnlendid  iUghtly  y«Uow  axillary  n««dles,  often  an  incli  Xoaa.  It  U  very  much  Uko 
dmitro'phenyl  in  external  appuanince,  and  ctoinot  he  vokliii«4.'4  without  decompocitiQii. 

BoMU  produetd  by  rtductUm  of  th*  prtceding  KitrO'Cantpoundjf. 
AAiaoptMnyl,   C"H^'N*   -   C"H«(NH»)^  or  Bttasidln*.  ^^*^,'^'  |N«.^Thii 

eompound  in  obtained  by  evaporatiikg  the  Aolution  of  uitropheuyl  uftpr  prolnitgMl  treat- 
meat  with  ffolphydric  add,  ai  abore  described,  dissolving  the  r<*sidue  in  dilute  hydio- 
chtoric  acid,  and  pireeipitatnig  with  sulphuric  acid.  The  «ulpliate  tbu&  •separated  ib 
dfcouipofled  by  boding  with  ammonia^  and  the  fT*ee  bnsH  b  puHfliHl  by  tv-eoliitioa  in 
)»git  water,  predpittition  with  tnljphurio  acid  and  Kepiiratiou  by  ainmunia,  and  finally^ 
recryiftiilliMKl  frofo  hot  water.  It  cryBtaIli*fe(i  in  ciuiu>urlefc8  uLining  acalea  which  melt 
at  118*  (not  at  108°  a«  genemUy  BtAted)^  i^Fittij;,  Ann,  Ch.  Phaim.  cxxiv,  27fi.) 

Ainl<loaltraplienyItC''H'<'NHl»»C»*H%XH»XNO»)  •  ^"^^J^*-**^{n,    im  ob- 

litiDt'd  by  pviiporMhng  the  nlov.  '^      .\  flolution  of  nitropbenyl  tifter  treatment 

witli  Bulphy^lric  iicid.  and  boilii  hje  with  water  till  the  r^ultin|f  solution 

no  longer  givct*  a  pre«ipitatie  (ot  ^,  ..^ j  with  inlphuHc  ncid.      The  ri^sidual  ami- 

dunitmpbenyl  is  difisolr«d  m  modetateiy  dilute  hydrcM^lorie  acid,  the  liqoid  ia  Ultcrad 
t0  Bepumte  iulphur.  then  preq|^l|kM  by  «.mmonia»  and  the  bulky  red  floeks  thoi 
obti^i)^  Al^  W«whed  with  water  vid  diatKiviHl  in  hot  akohol.  On  adding  hot  water 
to  the  alcohulie  M)]ution  till  it  begins  tonliow  tisbidity,  amidoaitropht'nyl  aepamtea  aa 
a  ciTstallina  powder,  which  is  purified  by  soTttral  repi'titionb  uf  Lhb  treatment,  and 
finally  recryatallised  from  hot  alcohoL  It  forms  j>niall,  brigbt-rvd,  needlv-ahaped 
cryatala,  melta  at  about  160°,  roktiliiiea  with  partial  dc^compoftitton  at  a  hi^er  t«aK 
peratnre,  dimolTee  sparingly  in  tcatrr^  but  easily  nnd  with  red  colour  in  boiling 
fiicohoL  Ita  aotntion  in  hot  strong  hfdrochUfric  acid  is  nearly*  eoloarles*.  but  turns 
r^*d  on  nmliiffi  and  dcposiU  the  &e4  biiM  agttin  when  enaporated.  The  piuttnum* 
suit,  C^*n*»N^*.H*Cl*Ft"Cl\  ia  a  flocculent,  very  easily  JccomposiUo  precipitate, 
(Fit  tig,  i(M\  tit) 

Bromatnldoptieayl  or  Bromotwiixtdliie,  C^^^'Br^*. — Tbia  biise  cannot  be 
prepared  by  nilucin^  nitrobromophenyl  with  bulphide  of  amraonmmT  this  reaction 
yieldtiig  nothing  but  brown  reainoua  producta  insoluble  in  hvdrocJiloric  acid«  But 
whan  the  nitro-cum pound  ia  heated  wttb  tin  and  atrong  hydrochloric  acid,  it  disaotrea 
after  some  time,  and  on  diluting  the  solution  with  water,  and  filtering,  the  filtmte  de« 
poMita,  after  a  while,  hard  nodular  groupa  of  cryirtals  consisting  of  4  compound  of  hydro- 
ehlomle  of  bromobenxidiiie  with  stazmoua  diloride  ;  and  thib  when  boiled  with  dilute 
aqneoot  Mnmonia  yielda  bromobeuBtdSna  as  a  fuintly  yellow  oil,  which  soUdifles  to  a 
gnitiBOV*  maas  on  oooling,  and  may  be  acnorat^d  &om  stannouii  oxide  by  solution  in 
alcohol,  whence  it  separates  in  bemiaphertcal  groupa  of  small  hard  cfyataht,  very  much 
like  flOgftf-randy,  but  alwtf^ya  hurtng  a  yellow  or  brown  colour  ariaing  from  {partial 
oxidatioo  taking  pLice  in  the  alcoholic  solution.  It  is  intioluble  in  water,  mehs  ut  89° 
anddaoompoaesHt  higher  tempcrature««  with  erolutionof  hy^lrobromic  acid  and  separo' 
tion  of  much  charconl.     It  in  a  much  weaker  bu^ie  than  benzitline. 

HvdroclUoraU  ^fbrotnabtimitliHc  is  ubtnined  in  i^mall  colourless  prisma  on  diasobring 
the  base  in  dilute  hydrochloric  acid  and  mixing  the  aojution  with  atroiii^  hydrochlorie 
acid.  It  ia  partiuLlly  deoompo«K'd  by  solution  iu  waier.  and  apf^eara  also  to  Iomj  a  portion  of 
its  acid  on  mere  tgcpoaure  to  the  air.  Ammoniu  added  to  the  solution  throws  down 
bromobenxidine  a«  a  pure  white  amorphona  precipitate.  Thc^  rhlom^pfaliuate  is  a  brown 
amorobous  precipitate  which  cannot  be  punfSed  by  reiryhtallisiitioo.  The  MidpknU  ia 
•olnhle  in  water;  dilute  sulphuric  acid  does  not  fertn  any  precipitate  in  a  solution  of 
the  hydroehlomte.     (Fit tig,  Ann.  Ch.  Fharm.  cxxxii.  207.) 

*  Tlio  lUtcnient  f*iumJ  io  mon  M^oujJa  of  Cbemittrjr,  «id*t  p«jkp  Mi  »oJ.  i.  of  Uii«  work,  th**  !>•'>' 
tldnrttt  4i^«lti  nl   IOH\  apprar*  tn  h^ive  ori|g4i}a,t«diii  4mii|<rUtt  In  JElnin^t  |<a|i«f  (J.  \*t,  Ci>«ju.  laiti 
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A  bodr  isomeric  with  btomobensidine  (probablj  bromide  of  uobeDsene),  is  olitained 
by  the  direct  action  of  bromine  on  azobencene,  CH'^N'.  This  pfodnet  is  spsriBf^y 
solable  in  alcohol  and  ether ;  crystallisefl  from  alcohol  in  needles  luiTiiig  m  finnt  jn&w 
ooloor  and  golden  lustre ;  melts  at  abont  206^,  and  sublimes  in  needles.  When  healed 
with  nitric  acid  of  specific  gravity  1*42,  it  dissolves  oompletelT,  and  the  solatioo  on 
cooling  deposits  the  compound  C>'H^NO')N^r'  in  straw-jelW  ncedlesj,  which  are 
Ypry  soluble  in  alcohol,  and  melt  at  about  169^  to  a  Uqvid  whieh  soon  boils  and  dseoB- 
poses  at  a  higher  temperature.    (A.  Werigo,  Ann.  Un.  Phazm.  eszzr.  178.) 

BtasobaasldiBe,  C**H<N«  -  (^"^*)*|n*.    T^trojtod^km^  (0riea%FhiL 

Trans.  1864,  Pt.  iii.  p.  719.) — ^A  base  obtained  as  a  nitrate  bj  the  aetioo  of  nitiow 
acid  on  nitrate  of  bensidine : 

C»»H»«N«  +  2NH0*     -     C»«H«N«  +  4H«0. 

When  nitrous  add  vapour  is  passed  through  an  alcoholic  solution  of  nitzata  of  ben- 
sidine, a  brown  amorphous  body  separates  m  considerable  quantity  (from  aa  aqvaoas 
Bolution  only  traces  are  deposited) ;  and  on  mixing  the  filtrate  with  twice  its  Torame  of 
vtrong  alcohol  and  adding  etho;  nitrate  of  diasobensidine  i»  precipitmted  in  mioote 
crjHtals,  which  may  be  purified  by  dissolving  them  in  a  very  small  quAntity  of  wafer, 
uiid  reprecipitating  with  alcohol  and  ether. 

Nitrate  of  Diatobengidine,  C"H«N«.2NH0»,  crystallises  in  white  or  alij^tly 
velluw  needles,  easily  soluble  in  uaUer^  lees  soluble  in  aleakoi^  insoluble  in  etker.  When 
heated  they  explode  with  -violence.  The  aqueous  solution  left  in  a  cold  place  gmdnsllr 
undergoes  spontaiicous  deoumposition,  and  ou  heating  it,  nitrogon  is  evolved,  and 

diphenyl-alcohol  (or  rather  xenylenic  alcohol)  C'«H»«0«  •   ^^]5*^[o", 

is  deposited  in  white  crystals,  together  with  a  brown  amorphous  substance: 

C>*H«N«.2NH0«  +   2HK)     -     C"H"0«  +   2yH0*  +  N«. 

(See  XxKTLENic  Alcohols.) 

Perhromide  of  DiazoUngidine,  Gi*H'N*.2HBr.Br*,  is  predpititrdoa  addii^ 
bromine-water  to  an  aqueous  solution  of  the  nitrate,  in  round  reddiah  ayatala»  which 
must  be  washed  on  a  filter  with  water,  and  quickly  dried  over  ofl  of  vitriol  and  qmck- 
lime.  It  is  very  unstable,  gradually  giving  off  bromine  even  at  oidin«nr  temperataree. 
It  is  also  decomposed,  with  evolution  of  gas,  by  solution  in  alcohol.  iMted  with  sor- 
honateof$odium^'\tf^yt^  off  bromine  and  nitrogen,  and  leaves  bromophenyl(p.410/: 

C>«HW.2HBr3r«     -     C»«H«Br«  +   Br*  +   N*. 

By  aqueous  amimama  it  ii  converted  into  bromide  of  ammonium  and  tetrasodi- 
phenyfimide: 

C»»HW.2HBr.Br«»   +  8NH»     -     (^*^^*)*'|n«   ♦    fiNH^Br^ 

PerbroBlde.  TetrasodiplMnyl* 

imide. 

The  tetrasodiphenylimide  is  deposited  in  ciystalt,  and  by  repeated  ctyataUiMtioD 
from  strong  alcohol  may  be  obtained  in  small,  very  brilliant,  white  or  yellowiah  plates^ 
insoluble  in  water,  very  sparing^  soluble  in  cold,  easily  in  booling  alcohol,  modefately 
in  ether.  It  melts  at  127^  to  a  yellow  oil,  which  is  dec(miposed  with  al^t  ei  '  ' 
at  a  higher  temperature.  It  is  neutral  to  test-naper,  does  not  combine  with  i 
alkalis,  is  not  altered  bv  boiling  with  strong  hydrochlorie  add,  or  with  aqi 
alcoholic  potash,  but  is  decomposed  by  nitric  or  by  strong  sulphuric  acid. 

Platinochloride  of  Diasobensidine,  C»«H«N*.2HCLPtKJl*,  is  pirecipitatad 
by  platinic  chloride  from  a  solution  of  the  nitrate  or  sulphate,  in  light  yellow,  vay 
small  narrow  plates,  or  from  very  dilute  solutions  in  small  elonsated,  well-fbnned  hex- 
agonal plat<*8.  It  is  almost  insoluble  in  water,  alcohol  and  ether.  Exposure  to  light 
during  drj'ing  causes  the  crystals  to  turn  brown.  Heated  with  carbtmaie  of  sodium  it 
givns  off  nitrogen  and  chlorine,  together  with  chlorophenyl  (p.  410)  which  pasaea 
over  as  an  oil.  and  solidifies  as  a  white  mass  in  the  neck  of  the  retort : 

C"H«N*.2HClJ>ta«     =     C'«H«C1«  +  Pt  +   CI*  +   N«. 

Sulphate  of  Diasobensidine,  C'*H«N*.3SH*0*.--0n  mixing  a  concentrated 
aqueous  solution  of  the  nitrate  with  cold  sulphuric  acid,  pveviously  diluted  with  ita 
own  bulk  of  water,  and  then  adding  btrong  alcohol,  this  salt  sepazatea  either  as  a 
white  crystalline  powder,  or  in  white  needles ;  if  alcohol  does  not  preci|ntate  it  com- 
pletely, ether  muift  be  added.    It  is  very  soluble  in  water,  and  explodes  when  heated. 

Ad  V'^'iSiifeiiV^i^^C*'^"**^''"'^  ******  ****  compound  may  be  rfg^rdcd  as  the  bromide  of  aUtrsloadc 
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1trii(4*d  with  alcohfd^  it  b  nol«nt}y  <ie<'oinpo»e4,  givini^oif  uitrogen,  sulphuric  acid  and 
nld^h^de,  and  yielding  wliiU'  crj«taU  of  phenyl  (p.  410) : 

2<e'H*N\38H»0')   +    4C*H*0     -     2C'«H»*  +   4C»H*0   +   K»  +   eSH*0\ 
SulphAt*  of  OUm>-  Alcohol.  Flb«DyU  Ald9b|4o. 

On  besting  •  loltition  of  the  folphftte  in  %  small  qtiABtity  of  oil  of  vitnol,  a  violent 
^rolutio^  of  nitrogen  tnket  oUuse,  imd  a  browD  liquid  i«  formra  cootaLniDg  atrisulpbo* 
and  A  t«trftialpho-icia : 

C«H-3i*   +   3SHK}*     «     C«H'3SH«0*    4-   N*, 
C'^H-N*   +   4SHK)*     -     C'»H^4SH'0*   +   NV 

On  boiling  the  brown  liquid  with  thirty  tim««  \\a  ToJume  of  water^  Mturating  with 
eiLrbonate  of  b&rinm,  evapomting  the  filtrate  to  drynesa  orer  the  water-b«th«  and  ez- 
haaiitiiig  the  rrsidae  seTend  times  with  water,  the  barinm-talt  of  the  tmulpbo-aGid 
dijiBolvee  whil4^  tbat  of  the  tetrasnlpho-acid  remains  behind.   (See  Sulpeijbic  ETmsa,) 

Dlaaobeiisldiiie*Aalll&e      or    IllAS«i^]^lieii|rlfiii«-diptieii7l-tatr»itilii«a 


C«*H*N«     -     C«H*N\2C*H*?^     * 


Ttttazodi^hiti  if  i-ii  m  iJi-JHn  'ot. 


<^TbiB  eompound  sf^paratet  on  adding  aniLioe  to  aqueoua  nitmtA  of  diuobeuzidinr, 
aa  a  yellow  cTyKtalline  Dia»s,  which  may  be  purifit'd  by  repeated  waahiag  with  alcohol : 

C*»H«N\2NHO'   +    4C»ffN     -     C**H*'N«   -f   2(CTrN.XH0«), 
It  ia  inaduble  in   WKti^r,   and  rery  apaHngly  aoluhl«  even    in  boiling  alcohol  imd 
eth«r,  from  whieh  howeTer  it  ■eparates  in  Unce- shaped  cry«talfl^  generally  united  in 
stellate  ^^^mpa.     It  eixplodeia  when  heated^  and  decompoeca,  with  eTolatioo  of  nitrogim^ 
when  boiled  with  min<*nil  acid&     (Griese.) 

PKXn^  BSOMSOa  of.  CH^fir.  See  KoMonBOiioiniixsirBt  under  P&bxtl, 
Hybridb  of  (p.  4141 

FSKHTXi,  cHlaOmzaB  OF*  C^HH.  See  MoHOcHLoaoBiaiBifs;  under  PhxittIh 

Hydkidb  or  (p,  4141 

FBaam.,  CTAVIOV  of.  C^'.CN,  or  Btntonitrilt,  C'H*N.— Alre^  d*?- 
wribed  under  the  latter  name  (i.  563).— Mendius  haa  «hown  (Ann,  Ck  Pharm. 
I'xxi.  129  ;  J&hreab,  1862,  p.  324),  that  when  treated  with  hydrochloric  acid  aud  granu- 
lated nDc,  it  is  eoDTerted^  by  the  action  of  the  uaaoent  hydrogen  thereby  erolved,  in'^' 
a  base  CH*N,  isomeric  witli  benz}'liLmiQe  (toluidine),  methyLiniline^  and  lutidiue,  but 
diffenng  in  ita  propertiea  from  all  three.  Thia  base  ts  an  oil  lighter  than  water,  having 
nn  aromatic  not  uupleasant  odour^  boiling  between  182'S^  and  187'^^,  soluble  in  water, 
miwoible  in  all  propurtions  with  alcohol  aud  ether.  The  aqueoaa  solution  becomea 
turbid  at  the  heat  of  the  hand,  from  separation  of  a  portion  of  the  diasolred  oil  It  is 
not  coloured  by  thloride  of  lime  ;  when  evaporated  with  nitric  •ri^  it  einit»  the  odour 
of  bitter  almond  oiL  When  ezpoeed  to  the  air  it  is  quickly  conTertM  uilo  small  shin- 
ing needles  of  the  carbonate*  It  forms  thick  white  fumeii  with  hyflrrichloric  acid.  The 
kydrockl&ratr,  C'H*N.HCU  i»  infusible,  sublimable,  easily  soluble  in  water  and  alcohol* 
insoluble  in  ether,  and  cryst^illisea  in  rather  large  fsquare  plati^p.  The  chktroaurat*  crys- 
taUises  in  long  yellow  needles;  the  chlopomercumte  fi^m  alcohol  in  radiate  groopa  of 
npfdlea ;  the  ckloroplatinaU,  2C'H"NCLPt"Cl*,  in  very  thin  pUtta. 

FSBWTXn  HTl>^iLTS  OF.     See  I'^icifOL  (p.  289). 

FSBMT^  HXBSXSB  OF.  CH^H. — Syn.  with  BairzRim,  under  whieh  naota 
it  ha«  been  already  deambod,  together  with  aereral  of  its  deriratirea  (i.  541).  We 
have  here  to  notice  seferal  new  derimtivea  of  benzene,  and  some  additional  obserTationa 
on  those  already  deacribed. 

Aio^  and  Am%do*btnM€n§». 

Aniline  or  roooophenyLamine,  CH'K*  is  regarded  by  Griess  aa  imidobensene 
C*n*(NH*),  and  by  the  action  of  nitrous  acid  on  aniline  and  its  salts,  compounds  are 
formed  containing  th»>  huMes  L^H*N*  and  C^^H**N*,  The  former  is  regarded  by  Griess 
as  diazobf-nseue,  thnt  in,  m  formed  fr*om  l>ensene,  C*H*y  by  the  substitution  of  2  atnnia 
of  nitrogrn  for  2  at.  hydrugt>n;  the  latter  as  a  componnd  of  diasobenxens  with  amtdo- 
benaene  (aniline)    =.    C*H*N*.eHtNH').     The  compound  CH*N'  may  however  also 

be  Horded  as   aaophenylamiue         ti*         E^'f  that  as  nionophenylamine    having 

3  at.  hydrogen  replaced  by  I  at.  nitrogen;  and  the  compound  C'*H"N*,  in  like  manner 

as  aiodiphenyl-diamine      K"'     >N^    Viewed   in    this  light  they  will  be  described. 


togrthCT  with  their  bromo-,  chloro-,  and  nitro-defivatives,  under  Fiuunnjkiriinta. 
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Bromobenzenea. 

]lKiMiotoroinebeiiseB««  C*H^Br.— This  compoand,  obtained  by  the  action  of  bro- 
mine  on  benzene  (i.  642),  appears  to  be  identical  with  bromide  of  phenyl  prodoced  by 
the  action  of  bromide  of  phosphoroB  on  phenoL  Fittig's  mode  of  preparing  it  from 
benzene  has  been  already  giren  nnder  Phxntl  (p.  409).  To  teparatd  it  from  un- 
altered benzene,  the  mixture  of  the  two,  obtained  as  abore,  is  rectified,  and  the  poidon 
which  distils  between  152°  and  164^'  is  collected  apart  Biche  (Ann.  Ch.  Pharm. 
cxxi.  357),  by  distilling  120  pts.  of  phenol  with  90  pts.  bromide  of  phosphoras,  ob- 
tained an  oily  distillate  having  a  sweetish  taste  Uke  that  of  chlorobenzene,  boiling 
between  158°  and  166^,  and  containing  somewhat  less  carbon  than  that  required  by 
the  formula  C*H*C1 ;  but  it  was  evidenUy  impure. 

Monobromobenzene  or  bromide  of  phenyl  is  not  attacked  by  causticpotash,  cranide 
of  potassium  or  acetate  of  silver ;  with  sodium  it  yields  phenyl,  C'*H*',  according  to 
Fit  tig,  benzene  according  to  Riehe ;  but  the  production  of  benzene  probably  arose 
itom  the  presenee  of  moisture  (p.  409). 

]>lbroittobaiixeiie«  CH^Br*,  is  obtained,  mixed  however  with  tribromobenzene, 
by  the  action  of  bromine  in  excess  on  benzene  (Couper,  t  643).  A  purer  piodnet  is 
obtained  by  heating  the  bromoplatinate  or  the  perbromide  of  azobromophenylammoninm 
(see  Phbntiaminbs,  p.  437),  either  alone,  or  better  with  carbonate  of  sodium: 

2((^H«BrN=.2flBr).PtBr*      -      2C«H«Bi»     +     Pt     +     N«     -»-     Bf«. 
Bromoplatln«t«.  Dibroino» 

benxpne. 

C«H<BrN«Br>       -        CT£*Br«     +     N«     4-     Br«. 
PiTbromide.  Dibromo- 

bensone. 

A  Still  better  method  is  to  decompose  the  perbromide  with  alcohol ;  the  decom- 
position is  complete  after  a  few  minutes'  boiling,  and  if  too  much  alcohol  has  not  been 
used,  a  large  portion  of  the  dibromobeneene  separates  at  onee  in  aystals ;  themiiaind«>r 
is  precipitatca  on  addition  of  water  as  thick  oil,  which  soon  solidifies  to  a  eiystalline 
mass.  After  washins  with  a  little  alcohol  and  pressure  between  bibalons  paper,  this 
mass,  together  with  the  crystals  first  precipitated,  is  subjected  to  distillation ;  dibromo- 
beozene  then  distils  over  as  a  colourless  oU,  whidi  speedily  aolidifiaa. 

Dihromobenzcnp  crystallises  from  ether  in  rectangular  prisms  or  small  nlatea  (Q  r  i  e  s  s), 
oblique  prisms  (Couper);  melt«  at  89°  (Couper,  Griess),  ana  boils  at  219° 
(Couper).     It  has  an  aromatic  odour.     (Griess.) 

TiibromobenxeBe,  C'H'Br',  has  bee«i  already  described  (L  643). 

TetralNroiaobeasene«C*Il'Br^,haBrec«ntl7  been  obtained  by  BieheandB^rard 
(Ann.  Cb.  Pharm.  cxxxiii.  51^  as  follows : — Dibromobenzene  ia  prepared  by  exposing 
benzene  to  the  a^-tion  of  bromme  in  a  lon^-nocked  flask,  so  that  no  bromine  may  be 
lost,  and  the  resulting  ci^'btaUine  mass  is  heated  with  ezeesa  of  bromine  to  150°  in 
sealed  tubes  till  the  tubes  become  filled  with  small  oiyetals.  These^  which  eooaiai  of 
tetrabromobenzene,  are  separated,  by  leorvstallisatioa  fiN>m  aloohol  ia  whiek  they  are 
but  slightly  soluble,  from  undeoomposed  dibromobensene  which  diasolvee  easily  in 
that  liquid.  Tetrabromobenzene  forms  beautiAil,  silky,  very  white  orystals^  tolidifiee 
from  fusion  at  about  160°,  and  volatilises  in  flooka. 

The  bromobenzenoe  are  attacked  by  fuming  nitric  acid,  yielding  the  ooneipoBding 
nitrubromobenzenes  (p.  405). 

Chlorobeneenes. 

XoBoolUorobaBsaiie.  C*H*C1. — This  compound,  produeed  by  the  actioo  of 
chlorine  or  chloride  of  iodine  on  benzene  (Hugo  Miiller,  Chem.  8oe.  J.  xv.  41 ; 
Fi  ttig,  Ann.  Ch.  Pharm.  cxxxiii.  49X  appears  to  be  identical  with  oblaiide  of  phenyl, 
obtained  by  the  action  of  pentachloride  of  phosphorus  on  dlienoL  (Laurent  and 
Oerhardt,  Ann.  Ch.  Pharm.  Ixxv.  79;  Williamson  and  Scrugham,  Chem.  Soc 
Qn.  J.  vii  238;  Riche,  Ann.  Ch.  Pharm.  cxxi.  367.) 

Prfparation.  1.  From  Btnzene, — Benzene  absorbs  a  small  quantity  of  chlorine,  and 
if  it  beexpoeed  to  light  or  heated  to  the  boiling  point,  hydrochbrioadd  is  slowly  evolved, 
and  two  series  of  products  are  obtained,  viz.  chlorides  of  benzene  C*H*C1*,  C*H*Cl*, 
C»H«Cir  and  chlurobenzenes  C«H»Cl,  C«H«CP,  C«II»C1»,  the  former  being  produced  in 
larger  quantities  than  the  latter.  But  when  chlorine  is  passed  into  benzene  contain- 
ing iodine  in  mlntion,  a  much  more  copious  evolution  of  hydrogen  takes  place,  and 
chlorobenzene,  CH^Cl,  is  produced  in  much  larger  quantity,  toother  with  the  oth**r 
two  substitution-products  just  mentioned;  if  the  chlorine  is  in  excess,  a  beautifully 
crystallised  compound  is  likewise  formed.     (Hugo Miiller.) 

2.  From  Phtncl. — When  2  at.  pentachloride  of  phosphorus  are  added  by  small  por- 
tions to  6  at.  phenol,  a  violent  action  takes  place  at  first,  great  heat  being  produo*ii 
and  hydrochloric  acid  evolved ;  but  this  action  soon  ceases  and  it  becomes  necessary  to 
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hi*ftt  I  ho  mixture*  If  it  br  tiu<n  dytttlled  ttpwiLnlii  till  U  ha»  Dearij  caased  to  gire  off 
tiydrHjehlorie  acid,  And  th«  dktiUato  subsequeiitlj  collected,  About  I  of  the  irhole  dktil* 
over  b*lciw  240<*,  and  thp  tcrojiemtttfo  Unan  impidly  rises  mbove  the  range  of  the  mer- 
cufial  thermometef.  The  dwlUUte  coDeded  below  2iO*>  is  a  limpid  colourleae  liquid, 
which  wUeo  muhed  irich  htit  w^tw  Mid  itibtoqiiontly  wiih  |iolMh,  yieUIs  &  thidi  oil 
which  settles  to  the  bottom  of  thA  vew(*l ;  ana  oo  vubtDittin^  this  oil  to  fractioiuil 
di^iUatioD,  coUecttug  tpurt  the  portioD  which  p«Mo«  oy«  Jit  13S**  to  138^*,  chloride  of 
phenyl  is  obtained^  nearljr  pure  but  in  Bmall  quantity.  The  bmwn  liquid  which  distils 
aboT«  the  range  of  the  thermonietor  ia  phoq)hatc  of  phenyl,  and  coustitutrs  hy  fkr  the 
lai^lieat  portion  of  the  product*  When  an  eitoeas  of  chlonde  of  phosphorus  ia  uaed  tn 
Ih^  prt* paraiion,  the  qanntitjr  of  phenjriie  diloride  obtained  appeam  to  bo  itill  stnaUor 
thnn  with  the  above  proportiona. 

Chloride  of  phecjl  (obtained  bj  the  second  process)  is  a  colouHeaa  mobile  liquid, 
boiling  at  136^  (W.  and  &.),  ai  137^  (Biehe).  Aecoiniing  to  Laurent  and  Oerhardt, 
it  is  converted  hj  water,  and  mote  quicklj  by  aqueous  potash,  into  phenol ; 

Om*Ci     +     H"0       •       Ha     ^^     OH«0; 
but  according  to  Riche  (Ann,  Ch.  Pharm.  ciix.  2.56).  it  ia  not  attacked  by  potash, 
not  even  whem  kaatedinlll  aloobolio  potash  in  a  sealed  tube:  heoc«  he  regnrda  the 
compound  obt^unod  as  above,  not  as  chloride  of  phruyl,  but  a^  monochloroWnaene. 

Purv  cblurobenzene  prepared  by  Hiiller's  pruccaa  is  likewise,  according  to  Fitting 
(Ann.  Ch.  Pharni.  cxxxtii.  6U),  perfectly  indifferent  to  the  action  of  alcoholic  potaah^ 
uot  yielding  a  trace  of  phetK>l  or  of  chloride  of  potassium,  even  when  heated  with  it  for 
iM'veml  houw.  On  the  other  hand,  Church  (Chem.  8oc  J.  iri.  78),  by  heating 
berie<Mie  with  hydrochloric  scid  and  acid  ehroraate  of  jpotassiutn,  obtained  a  distillate 
wnLiiininp,it»  chit^f  product,  the  compound  C'*H*C1'  or  C'^*CIHC1,  which  when  heated 
wirh  strong  alcoholic  potash  yielded  phenol;  but  as  the  chlorinated  compound  used  in 
this  eiLperunetit  was  the  crudu  product  of  the  action  of  nascent  chlorine  on  benaejtei 
which  nad  not  been  eubmitted  to  any  process  of  parification,  it  Is  by  no  means  certain 
that  the  phrnol  thus  obtainod  reiuly  resulted  from  the  decomposition  of  pheuylio 
chloride  or  cblorobenxone.  The  same  crude  diHtillate  washed  with  aqueous  potash  and 
r^'  *-'^  '  ■M'^^lded  phenylic  ch^  **  '  -'  ■  '  •• '  •  Itstilled  OTcr  eodium-aroalg^n  left  a 
I  lining  phenyl,  t  r  with  a  aroall  quantity  of  a  yeUow 

11^  iv:)dy,  probably  dir^  the  distillate  oontained,  together  with 

iiiiiiHt.'rcJ  benzene,  a  bydrocarbuu  boiling  at  91'^,  and  likewise  having  the  composition 
Ln{\     (CburchO 

Pure  cblorobenwne  is  not  attacked  by  acetate  of  silver,  by  an  alcoholic  solution  of 
potasaic  acetate,  or  by  ammonia.  Heated  with  todium  it  yields  benzene  (Riche), 
probably  arising  from  a  trace  ot  moisture  (see  page  409 )u 

Ptclilgnihmi»<w,  CH^Cf,  ia  obtained  by  beating  the  chloropktinate  ot  aao< 
chlorophenylamine,  2(MI*ClN*,HCl).PtCi',  with  carbonate  of  sodium,  and  aystalliwa 
in  long  needles  or  elongated  fbur-aidpd  plates,  haying  the  same  peculiar  aromatic 
odour  as  dibromobenzene.     (G-riess,  PhlL  Trans.,  1864,  [S].  705.) 

TrlelUorotieiisens,  C^^Cl",  has  been  already  described  (i,  5iZ). 

Ht^dnM^ratc  cjf  trichiorobtnzenf,  CH^Q*  »  C«H"C113HC1,  heated  with  icetate  of 
silver,  yields  compounds  resembling  the  glucosides  in  their  power  of  reducing  cupriu 
oxide  in  ulkaltne  solution.     (Eosenstiebt^  Jahresb.  1862,  p.  48L) 

Ctiloro1>rotiiot»eiiB«ae«  C*H*ClBr,  is  obtained  by  beating  the  chloroplatinate  of 
ttJk^brumoheDjlmine  nnth  earbonate  of  sodium: 

2<C^^cN^HCl)RCP     -     2C*H*ClBr     +     Pt     +     CI*     +     N*, 

The  crystals  which  oondense  in  the  ntM^k  of  the  retort  may  be  purified  by  pressing 
them  between  filter-paper,  distilling  a  second  timet  uid  recrystalliaing  from  alooboL 

CMofobromobtuseDe  diasblres  rath  or  slowly  in  akobot,  but  easily  in  ether,  and  erya* 
talliaeii  from  a  hot  saturated  alcoholic  solution  on  cooling,  or  from  the  ethereal  solution 
by  evaporation,  in  white  needles  or  plates  baring  a  peculiar  odour  like  that  of  benxene. 
(&riess,  Phil  Trans.  Ift6i.  [3],  702.) 

SSonoloaotioiivane  or  Todlde  iimiaiiyl.— 8crugbam.  by  treating  phenol  with 
iodine  aud  phosphorus,  obtaiue*!  a  Ikjiiid  which,  ufter  treatmuat  with  potash  and  r»clifi- 
cation,  boilni  at  260^,  and  wa**  found  to  contain  iodine.  TIuh  liquid  was  pn^umi'd  to 
be  iodide  cuf  phenyl,  but  tbe  qutintity  obtained  wjis  not  suMiLuent  for  a  sjitisfac^ory 
investigation  (Chem.  Soc.  J,  xiii.  244).  Several  other  chemiata  hare  attempted 
the  prepanition  of  phenylic  iodide,  with  no  better  sucoeas. 

Sromlodobenaeno,  C*H*Brr,  formed  by  boiling  the  perbromide  of  ssoiodophenyl- 
ammonium  (perbromide  of  diazoiodobenaene)  C*H*IN*.Br*,  with  alcohol,  aystaUiMB 
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ftom  ether  or  alcohol  in  laige  white  plates  which  are  Tolatile  witliout  deoompontka. 
(Griesfl.) 

Nitrobensenea, 

XoBO-  and  ]M-nitrobaam«ii«  have  been  alioadj  deecribed  (i.  64S  ;  it.  59},    Th» 

former  is  converted  by  sodium-amalgam  into  aeobensene  (i.  477) : 

2C^»(N0«)     +     H«      -       C»«H'«N»     +     4HH). 
Nitrobenseoe.  Asobeasent. 

Part  of  the  asobenxene,  however,  takes  np  2  at  hydrogen  more,  and  is  oonTCSted  iato 
benzidine.   (Werigo,  Ann.  Ch.  Pharm.  cxzxv.  176.) 

WltrobromobaiiBaiiet  CH\NO')Br,  is  produced  by  the  action  of  Ibming  nitzie 
acid  on  monobromobenzene  (C  on  per,  see  L  643).    When  treated  with  reduei 
it  yields  bromaniline,  CH*BrK.    ▲  nitro-bromobensene  having  exactly 
corapoflition  and  properties,  is  produced  by^  heatii^g  bramoplatinate  of  fi  t 
phenylamine  (obtained  from  /3  nitraniline)*  with  carbonate  of  sodiiim : 

2[C^"(N0«)N«.HBr]R»^Br*  -  2C^\N0«)Br  +  N*  +  Pt  +  Bi*; 
or  by  heating  the  perbromide  of  /3  aionitiophenylammoninm  with  alcohol ; 

(>H«(NO«)N«Br«  -  C«H*(NO«)Br  +  N«  +  Br». 
It  melts  at  126^t  an<i  crystallises  in  long  white  needles  (Griess,  FhiL  Traiw.  1864, 
[3],  712).  An  isomeric  compound  distinguished  as  a  nitrobromobensene  is  obteinod  is 
like  manner  from  the  perbromide  of  a  azonitrophenylammonium.  It  crystallises  in 
rhombic  prisms  which  melt  at  56°  (Griess).  a  and  /3  nitrobcomobensene  tnstad 
with  sulphide  of  ammonium,  yield  respectively  a  and  /3  bromauiline.    (Griess.) 

MttrodibromobeBBSBSy  C*H*(NO*)Br',  is  obtained  by  the  action  of  fkuniz^  nitne 
acid  on  dibromobenzene.  Wlien  heated  with  alcoholic  sulphide  of  smmo&inm  it  jields 
dibromaniline.     (Richeand  B^rard,  Ann.  Ch.  Phann.  ffTTZiii.  51.) 

WItrotetrabromobsnseiie,  C*H(NO')Br*,  is  a  aystaUine  pcoduet  obtsinod  hj 
ths  action  of  fuming  nitric  acid  on  tetrabromobenzene.    (Riche  uid  B^rsrd.) 

Wltroohlorobenxeiiat  C*HXN0')C1,  produced  by  boiling  monochlocobenseao  with 
strong  nitric  acid,  crystalliBes  in  bng  needles,  melts  at  78^  and  soh'diftes  tt  74^.  It 
dissolves  sparingly  in  wattTf  easily  in  hot  alcohol  and  in  r-tker.  By  suMide  of  aw- 
monium  and  other  reducing  agents  it  is  converted  into  chloraniline.  (Kiche^  Ann. 
Ch.  Pharm.  cxzi.  357.) 

BlnitrodictolorobsiiaeBe,  CH"(N0')'C1,  is  formed  by  the  action  oi  psnUb- 
chloride  of  phosphorus  on  dinitrophenic  add,  perhaps  thus : 

C«H^NO«)«|q     +     PC1»      «       C«H»(NO«)«a     +     PCIK)     +      HCfL 

The  resulting  yellowish  liquid,  decanted  on  cooling  from  the  excess  of  chknids  sf  phos- 
phorus, solidifies  in  a  few  days  to  a  crystalline  mass  which  may  be  washed  with  cold 
and  dissolved  in  hot  alcohol  The  alcoholic  solution  becomes  milky  on  cooling,  and 
deposits  the  compound  as  a  yellow  powder,  which  after  a  few  days  solidifies  in  needles. 
(Laurent  and  Gerhardt,  Ann.  Ch.  Pharm.  Ixxv.  79.) 

TrlnltrootalorobeBxeaev  TrlottropbeBjlie  eliloride«  or  dilaropissTlt 
C«H*(N0»)*C1.— This  compound  is  obtained  by  the  action  of  1  at.  pentaehkvide  of 
phosphorus  on  1  at  picric  acid : 

C«H»(NO«)«0  -I-  Pa»  -  C«H«(N0«)«C1  +  Pa»0  +  HCL 
The  two  bodies  act  violently  on  each  other  at  first,  and  copious  fumes  of  hydrodilorie 
acid  are  evolved.  As  soon  as  this  action  ceases,  and  oxychloride  of  phospboms  begins 
to  pass  over,  the  retort  must  be  removed  from  the  fire,  because  the  chloropicryl  would 
be  decomposed  by  frirther  heating,  and  a  resinous  substance  formed :  hence  the  chloro- 
pi<»yl  cannot  be  completely  purified  from  oxychloride  of  phoR>honis  by  distillaHon. 
It  is  a  yellow,  solid  body  having  an  agreeable  odour.  Water  deoompoaea  it^  fbrming 
hydrochloric  and  picric  acids.  It  dissolves  in  alcohol  and  Id  ether.  Carbonate  of  am- 
monium converts  it  into  picramide  {q.  v.).    (Pisani,  Ann.  Ch.  Pharm.  xciL  826.) 

VBBVTXn  ZOBZBB  or*     See  Iodobrkzenb,  p.  415. 

TCOnmb,  OXZHB  or.    (C«H*)'0.— This  compound  appears  to  be  fbrmed  by 

heating  chloride  of  phenyl  with  phenate  of  sodium :  C*HH}1   -i-   C*H*NaO   —  NsQ 

*  •-nitranilinf  is  the  haw  produced  bf  the  action  of  »u1phide  of  amnonium  on  dlnltrobMitoBC : 
^-nitraniline  is  the  Isomeric  compound  obtained  bj  distilling  certain  aitratrd  phoDjIamMss  vita 
potash  (see  Phlnyl^minss)  This  is  the  mode  of  duiiiictiou  proposed  bjr  Hoftnami*  «ad  gmmrMf 
adfipted.  In  Orlesa'*  paper,  howerer.  abore  referred  to,  the  meaning  or  the  prefixes  a  and  fi  is  revereed. 

t  Arcordlng  to  Couper,  nitrobromobensene  prei«ared  bj  the  action  of  nitric  add  on  bensena.  m^ts 
bf  low  9QP :  but  Griess  has  shown  that  the  product  thus  obtained  melts  at  exactlj  tiie  sane  polM  asfhat 
prepared  fiom  the  plaUuum.»alt  of  a-asonitruphenj  lamine. 
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■#-  {(^WfO  :  tliefonnatton  of  chloride  of  sodiufn  WMob^wred,  but  no  diBtillit*  waa  ob- 
UilMd(8crughani).  Lift  and  LimoTicbt  (Ann.  Ch.Phann^xc  209),  bjsubjectbg 
bensoftte  of  copper  to  dij  di^tiUaHoo,  obtained,  amongst  other  productn,  a  coloarlcfis  an, 
boiling  at  2$0%  and  jiclding  by  analysia  84*36—84 '60  per  cent  carhon  and  3'99 
bydrogeo,  numben  agreeing  nearly  with  the  oompottition  of  pheojUc  oxld«,  which  re- 
quirea  84*70  per  cent  can>oD«  6*88  bjdrogeDt  and  10*42  oxygen.^  Tbia  oil  had  an 
agreeable  odour  of  geramuma,  waa  insoluble  in  watrr^  aparingl?  iolnble  in  alcohol,  Tery 
eoluble  in  etbf<r.  u  waa  not  decorapoied  by  alcoholic  potaah«  but  when  healed  with 
strong  ffulphuHc  add  it  yielded  a  white  cryiJtalline  body  baling  Teiy  nearly  the  cum- 
poaition  of  phenyl,  CH"  (p.  409), 

PBcnXH  SirXFSZIIBO  or.  Protovutphide,  CH^*S,  (Stenhoase, 
Proe.  Koy,  Soc  xir.  3oL ; — Thi^  eumpound,  or  a  body  iaomeric  with  it,  ts  obtained  by 
the  dry  (fiatilUtion  of  anlphobenzobite  of  Bodium,  C*Ja*NaSO*.  When  thia  luilt,  in  the 
form  of  dry  powder  and  in  quantity  not  exceeding  25^30  gnuaniei^  was  heated  in  a 
colder  iladc,  an  oily  body  ooTered  with  a  laynr  of  water  eondenaed  in  the  reeeiver,  and 
a  cxmaiderable  quantity  of  carbonic  and  aalphmoua  anhydndea  woa  evolved,  while 
oarbonaceotts  matter  and  carbonate  of  ■odium  reniaiiied  behind.  The  crude  oil  began 
to  boil  Ht  aboQt  80^^  between  which  temperature  and  110*^,  water  and  bensene  paased 
orer.  The  boiling  point  then  rose  quiduy  to  290°,  at  which  temperature  the  greater 
portion  of  the  liquia  diatilled  OTer,  lesTing  a  black  tarry  residue ;  and  this  when  more 
strongly  heated  ^are  a  further  quantity  of  an  oily  body  which,  when  rectified,  yielded 
the  Biibetance  boiling  at  about  290*^,  and  abore  300°  a  liquid  which  after  standing  for 
some  weeks  deposited  a  few  crystalii* 

Ths  oil  boiling  between  290^  and  300^,  which  amounted  to  about  two-thirds  the 
weight  of  the  crude  oil,  yielded  on  rectification  an  oil  boiling  rerj  constantly  at  292  5^^ 
and  coDtuining,  after  further  rectiflcaUoti  in  a  current  of  nydrogen^  77'12  per  cent, 
carbon,  5*38  hydrogen,  ami  17 '4 9  sulphur  (mean),  agreeing  nearly  with  the  formula 
C*=H'*S,  which  reqairt*B  77 '41  C,  fi'38  H,  and  17'20  £ 

Sulphide  of  phenyl  i«  nearly  colourless,  with  only  a  very  fiiint  yellow  tinge,  and  has 
an  aromatic  but  slightly  alliaceous  odour.  It  ha£i  a  high  refiuctire  power,  specific 
TOTity  109,  and  bofla  at  202*5*^.  It  is  insoluble  in  wat^,  teiy  soluble  in  hot  apirit^ 
from  which  it  partially  sepimites  on  cooling,  and  is  miscible  in  all  proportions  with 
ether,  hensene,  and  txuphide  of  carhon.  Its  alcoholic  solution  mixed  with  piatinic  cAfo- 
Hdi  gires  a  slight  fiocculent  urectpitate,  which  on  standing  resolvee  itself  iolTo  a  red- 
dish-coloured oiL  Nitrate  qfHtver  and  mereHric  chhride  giro  no  precipitate.  It  dja> 
solTfs  sparingly  in  cold  stiong  sulphur ie  aeid^  forming  a  rea  solation;  but  on  raising  the 
temperature  the  whole  dissoWea,  isrminff  a  greenish- black  liquid,  which  becomes  colour* 
less  when  largely  diluted  with  water,  aira  on  neutraliMitiun  with  chalk  yields  an  organic 
calcium -salL  The  solution  of  the  oil  in  atrong  sulphuric  acid  blackens  and  gives  off 
sulphurous  anhydride  when  very  strongly  heated.  It  is  not  acted  upon  by  solutions  of 
the  alkalis,  either  aqueous  or  alcoholic,  but  is  decomposed  by  heating  with  solid  potash. 

Sulphide  of  phenyl  heated  with  htrong  nitrk  otid^  or  with  add  chromaie  of  potassium 
and  diluto  sulphuric  actd,  is  converted  into  a  cryBralline  substance  having  the  oompo* 
sition  of  Milacherlich's  sulphobcnzene,  C*'H'*SO',  but  dificring  from  it  gr««tty 
both  in  chemical  and  in  physic^  properties;  hence  for  distinction  called  sulpho* 
bensolene  {q.  v.), 

Disvtpkidf,  C'»H'^».  (C.  Vogt,  Ann.  Ch.  Phnrm.  aix,  142.)--This  compound 
is  produced  &oro  phenylic  sulphydnite  or  phenyl-mercaptan ;  1.  By  oxidatiou  with 
nitnc  acid: 

2(C^*)HS   +   HNO»     -r     (C*H»)*S»  +  KO*  +  HK), 

When  phenyl-mercaptan  is  gently  heated  with  nitric  acid  of  spedUe  grarity  1*2  in  a 
retort  connected  with  tht^  beuk  of  a  Liebig'a  condenser  till  red  fumea  begin  to  etcape, 
the  action  goes  on  of  itself  without  further  heating,  and  at  its  termination,  the  oil,  which 
at  first  fioota  on  the  top  of  the  liquid,  sinks  to  the  bottom,  and  solidifies  on  cooling  to  a 
crystalline  mass  which,  when  washed  with  water  and  dissolved  in  boiling  alcohol,  yields 
by  ipontaneons  eraporation  needle^shAped  crystals  of  disulphide  of  phenyl — 2,  A  solu- 
tion of  phenylic  mercaptan  in  alcoholic  ammonia,  left  to  CTaporate  spontaneously  at 
ordinar)!'  tempi' rattxr^s  in  a  wide  cjlindrieal  vessel  half  filled  wiui  it|  aUo  yields  cr}'stala 
of  ihf*  disiilphide. — 3.  A  small  quantity  of  this  compound  is  obtained  in  the  preparatiou 
of  phenjl'mencaptan. 

Disulpbide  of  phenyl  is  obtained  by  the  fin»t  method  in  long  white  shining  needles  ;  by 
the  second  in  beautiful  regularly  developed  crystals  half  an  inch  long,  and  having  the  form 
of  orthorhombic  prisms  witb  truncation  of  the  macrodiagonal  and  brachydiagonal 
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lateral  edges,  and  terminated  by  a  mmj^  dome.  It  haa  a  fidnt  not  impleiiMinfc  odoar, 
is  iosoluble  in  water,  but  easily  soluUe  in  alcohol  and  eiker;  melts  at  60^  ton  jvnovish' 
oil,  which  when  left  at  rest  sometimes  does  not  solidify  tUl  cooled  to  26^.  Thofogh  hat 
slightly  TolatUe,  it  distils  without  decomposition  at  a  somewhat  high  tempeatnre. 
Nascent  hudroaen  evolved  by  cine  and  hydioehlorie  add,  ooBTerCs  it  into  phenyl-ir— 
captan.  By  tne  prolonged  action  of  nitrie  acid,  it  is  converted  into  pbenylsalphii 
acid,  CH-SO". 

VBSVTZm  SVIiFBTBSATB  OF.      C*H^     -     ^^|s.     Pken^mereaptan 

{Yogtj  loo,  eit.);  Beneylic  Sulphydrate,  or  Benzylio  Jf^rcapAm  (Kolbe). — Piodiioed 
by  the  action  of  nascent  hydrogen  on  solphophenylic  chloride: 

C^»SOHn  +  H«     -     C«H«S  +  Ha  +  2H«0. 

It  is  prepared  by  pouring  dilute  sulphuric  add  upon  zinc  in  a  eapaeuraa  flaak,  and 
adding  sulphophenylie  chloride  as  soon  as  the  evolution  of  hydrogen  becomes  rapid, 
ti^ine  care  that  the  zinc  projects  considerably  above  the  oily  liquid  at  the  botton.  On 
distilung  die  liquid  after  twenty-four  hours,  the  phenylie  sulphydrate  passes  oxmg  with 
the  aqueous  vapour,  and  collects  as  an  oil  in  the  receiver.  Tne  residual  saline  solution 
contains  a  small  quantity  of  phenylic  disnlphide.  When  large  qoantities  are  operated 
on,  it  is  best  to  subject  the  ou  to  a  second  treatment  with  zinc  and  snlphurie  add. 

Phenylic  sulphydrate  is  a  colourless,  mobile,  strongly  refracting,  oily  liquid,  having 
an  intensely  disagreeable  odour.  Specific  gravity  1*078  at  14°.  Boiling  pcnnt  about 
166°.  It  bums  with  a  bright  white  flame.  When  placed  on  the  skin  it  prodnees  a 
burning  pain ;  its  vapour  attacks  the  eyes  and  produces  ^ddiness.  It  is  not  miseibla 
with  water,  but  nev^theless  imparts  its  odour  thereto ;  it  diseolTes  easilj  in  aicokoi, 
ether,  benzene  and  sulphide  qf  carbon.  It  dissolves  sulphur  with  yeUowish,  and  iodim 
with  red-brown  colour. 


PhenyUsvlphides  or  Phenyl-mereaptides. — Phenylic  sulphydrate,  like  the  < 
ing  etbylic  compound  (ii.  547  X  can  exchange  its  typic  hydroeen  for  metals. 

The  cupric  salt,  C'*H'*Cu'^,  is  predpitated  as  a  pale  yel£)w  powder  on  mixing  the 
alcoholic  solutions  of  phenylic  sulphydrate  and  cupnc  acetate.  The  Uadsalt^ 
C'lI'^Ph'^S*,  obtained  in  like  manner,  is  a  yellow  crystalline  body,  whieh  has  a  silky 
lustre  when  dry,  becomes  dnnabar-red  at  120°,  yellow  again  at  20<i^,  melts  above  230^ 
to  a  red  liquid,  and  solidifies  again  to  a  yellow  mass  on  cooling. 

Mercury-salt, C"H'*Hg'*S*. — ^Phenyl-mercaptanacts  very  violenthr  on  mercarie  oxide; 
when  a  drop  of  it  is  let  fall  on  the  dry  oxide,  great  heat  is  produced  and  the  whols 
mass  is  scattered  about,  and  even  the  dilute  alcoholic  solution  beeovnes  TSfy  hot  in  eon* 
tact  with  mercuric  oxide.  The  mercuric  phenylsnlphide  produced  by  this  xeaetioB 
crystallises  from  alcohol  in  white  capillary  needles,  having  a  silky  histre  when  dby. 
On  mixing  the  alcoholic  solutions  of  mercuric  chloride  and  phenyl-mevo^tan,  tiis 
double  salt,  CH^'H^f  aHg^CP,  is  produced,  and  crystallises  from  a  boiling  aleoholie 
solution  on  cooling  in  white  lamin». 

Phenyl^phide  of  Silver,  C*H*AgS,  is  precipitated  as  a  pale  yeUow  efyslallinspov- 
der  on  mixing  the  idcoholic  solutions  of  pnenyl-mercaptan  and  nitrate  of  silrer.  ' — '~ 
and  platinic  chlorides  form  brown  precipitates. 

The  sodium-salt,  C*H*NaS,  is  formed,  with  evolution  of  hydrogen,  on  adding  i 
to  phenyl-mercaptan,  and  remains  as  a  white  saline  mass  on  e^mlling  the  excess  of  ths 
mercaptan.  Carbonic  anhydride  passed  into  the  alcoholic  solution  of  »bia  salt  fomis 
the  compound  C*H^NaO*S,  just  as  salicylate  of  sodium,  CH^NaO",  is  fonned  team 
phenate  of  sodium,  C*H*NaO. 

»BBWTZl.^a.<»TAXI»B  or  AceianUide,  C*H'NO»((>H*)(C'HH))HN.  (Ger- 
hardt,  Ann.  Ch.  Pharm.  Izxxvii.  ld4.)~Produced  by  the  action  of  aniline  nponaestit 
anhydride  or  chloride  of  acetyl : 

OHH)»       +     2Cra'N     -       2C«H»N0  +     HH), 
C^«0C1    +     C«H»N      -      C«H»NO     +     HCL 

It  crystallises  in  colourless  shininjg  laminae,  melts  at  112°,  and  solidifies  in  a  erys- 
talline  mass  on  cooling;  distils  without  decomposition.  Sparing^  soluble  in  eold, 
moderately  soluble  in  hot  water,  also  in  alcohol  and  ether.  It  is  scarcely  acted  upon  by 
boiling  potash-ley,  but  fused  hydrate  of  potassium  decomposes  it  immediately,  fonnii^ 
aniline  and  acetate  of  potassium. 

Phenylacetamide  treated  with  (fwitin«  vields  mono-  and  di-bromophenylaeet- 
amide  according  to  the  proportions  used;  similarly  with  chlorine  (Hills,  Fh>c.  Bey. 
Soc  X.  589.— Qriess,  Ann.  Ch.  Pharm.  cxxi.  257).  Wi^  fuming  nitruf  acid  it  yielos 
nitrophenylacetamide.     (Hofmann,  Proc.  Roy.  Soc  x.  689.) 

LOOWZTAICZBBS.     See  AcoNlTic  Acio  (i.  55). 
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Jniiic  OfCids.-^Aimc  fteid»  biiTiiig  the  hjdrog^n  mor« 
or  Urn  niptaoad  bj  phAojI^  and  contaming  the  elements  of  anilma  Aod  apoljbasic  add 


C*H 


le  acid. 


H*  ) 
H    VN 
H    J 

Anillnie. 


H  U 

AatUne. 


Succtiile 
add. 


io.- 


H«0. 


io.   - 


citric  ■dd. 


^    H  J    ^ 


.    (C^OTj  _ 


H- 


JIHK>. 


2S20. 


iMMHif  th*  «l«iiieiit»  of  waUr :  e.g. 

Pttetir  f  ucci  Dtmit 
■eld. 

H 

l*tMny>kltriBle  acid. 

H»(C*H»V 

H 

DlphcDjplcicniDlc 

ftCld, 

Th«y  ar^  produeed  pither  by  diw«t  elimmiilioo  of  water  from  salts  of  aoiJiiie,  or  bj 
heating  aniline  with  excess  of  the  correispoDdlog  acids,  or  by  heating  the  correspondia|f 
phenylimiden  with  aouecma  ammonia  (see  Amic  Acum^  L  167).  The  tadividual  pheajU 
amic  acidii  are  dcserioed  in  oooncK^tioii  with  the  oocrotponding  prinuury  amie  acids  (aed 
CAsaufic  ActD,  i.  751  ;  Cithjc  Acid,  Amipbs  of,  i.  1000;  Oxamic  Aod^  it.  281). 

FSXimuUttXIIBS  or  JL1IX&Z9S9*  Amides  in  which  }  of  the  hydrogen  is 
replacBd  by  phenyl.  They  contain  the  elemeotA  of  neutral  salts  of  aniline  minus  1,  2, 
or  S  at.  water,  According  oathe  acid  is  monolMiafo,  dibssic  or  tnbafric  i  «.  y. 


H     * 

(CWO'/'> 

(c^H')*  yip 

Fhenyl-iaccin* 


Benioftt*  o/Anlllae. 


C*H«0«.2C*H^      -     2H^ 


iJkirc^ruiC0  of  tniUo*. 


N'       - 


CUr*tcofuilUii«* 


-     3HU 


(CHH)*)") 

H"      } 
Pbearl-citrunlde. 

They  are  formed  bj  diy  distillation  of  the  anUine-salta,  or  by  the  aetion  of  acid  anby^ 
drives,  or  chlorides  of  acid-radiclefl^  on  aniline. 

PaMMTUMiDas  or  Anils. — Tertiary  mon amides  in  which  2  at.  H  are  replaced  bj 
a  diatomic  add-radide,  and  thf  remaining  atom  by  phenyl.  They  are  produced 
from  add  salta  of  aniline  by  elimination  of  2  nt.  water,  and  may  be  regarded  as  aniline^ 
in  which  2  at  H  are  replaoed  by  a  diatomic  radide :  e.  g. 

^^^W^  \^       =       C*H«0*.C^^     -     2HM). 


PhenTl-mcclelni  ld«. 


Add  fuorlnAU 
or«nUlnc. 


Heated  with  aqueous  ammonia,  they  taie  np  1  at, 
corresponding  phenylamic  acids ;  t.  g. 

C'H'NO*      +     H»0       - 
Fbei)fl>»uceiul]iilldft. 


water  and  are  coarerted  into  the 

Phenj  Uf  uccliULinte 


FSSMY&AamniS*    Organic  bases  deriyed  from  ammonia  by  thesubetitub'on  of 
one  or  more  atoms  of  phenyl  for  an  equiyalent  quantity  of  hydrogen. 

A*  Vhanyl-iKioikAiiiliiea* 

HSonophenylMDiiMorAiillliM.   C*H'N   ->     ijM^*    CrystaUinf,  Kynnol,  Bin- 

eidam,  Phfnamidr,  Amid^htnasf. — Regarded  by  Oriess  as  amid^beiisfw,  CH^NIP), 
by  L.  Gmelin  as  C'H^X.H^     (Undrerdorben,  Pogg,  Ann.  riii.  397. — Runge,  ifrtd, 
*   "    '-'  ■■    ---■  — Fr"  "        ■  ~  "  "    -^' 


3E3txi.  65,  513  ;  xxxil  331.^ 


Chem.  3K.  453;  xn-rii  153;  xxviiL 


^ritzsche,  J.   pr, 
202.— Zinin,  tA»rf.  xxrii.  149;  nxvi,  98.— Hofmann.  Ann,  Ch.  Pharm    xlvii.  31 
liii.8;  Ivii.  26Ji;  bm.  129;  Ixrii.  61,  129;  kx.  129;  Imiiv.  117;  Ixxr,  356.— /?/porl! oil 
Chemical  Products  and  Processes  in  the  Ini^maUcnat  EtkikiHtm  rf  1^62,  p.  123t^ 
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Mosprstt  and  Hofmsnn,  Ann.  Ch.  Phann.  iiu.  221;  Itu.  210. — ^Laurent,  CSonpl. 
rend.  zriL  1366;  Rev.  scient  zviii.  278,  280.— Gerhardt^  J.  Plumi.  [8]  iz.  401; 
X.  6.— Laurent  and  GArhardt^  Ann.  Cb.  Phya.  [3]  zziv.  163. — Oin*  zvSM.— 
Gerh.  iil  79.) 

History. — ^Aniline  was  diaoovered  in  1826  br  Unyerdorben,  who  obtained  it  ftatu 
indigo  and  called  it  crystalline^  on  account  of  tne  facility  with  which  its  aaka  aarame  the 
Clystalline  form  :  the  name  aniline  is  derived  from  anil,  a  Portusneae  name  of  the  indigo 
plant.  Aniline  has  been  especially  studied  by  Hofmann,  Fritaache^  Ziniiip  and 
Gerhardt,  who  have  obtained  from  it  a  laige  number  of  oompoonda  and  deziTatiVM. 
For  some  time,  however,  it  remained  an  object  of  purely  scientific  interest^  and  was  not 
applied  to  any  technical  purpose;  but  within  the  last  ten  years  it  has  aeqoired  grsat 
industrial  importance,  and  is  now  manufrtctured  in  enormoua  quantitiefl^  on  aooonnt  of 
the  splendid  dyes  which  it  is  capable  of  yielding. 

Formatum. — ^Aniline  is  produced  in  a  great  number  of  reactions:  1.  TTy  TinaHng 
phenol  with  ammonia  in  a  sealed  tube  for  a  fortnight  or  three  weeks  (Laurent): 
C^«0     +     NH«      =      (XB^     +     H«0. 

2.  From  nitrobeniene  by  the  reducing  action  :  a.  Of  sulphydrie  acid  in  ximwice 
of  alcohol  and  ammonia  (Zinin): 

C^»NO«     +     8HW      -      C«H^     +     2H"0     +     S»; 
$,  Of  zinc,  in  presence  of  hydrochloric  add  (Hofmann) : 

C*H»NO«     +     H«      -       CHTN     +     2HH); 
y.  Of  ferrous  acetate ; 

C^«NO«     +     6FeO     +     H«0       -      C«HTT     +     SFeH)*; 
ferrous  sulphate,  oxalate,  and  chloride  do  not  exert  any  redudnj;  action  on  nitrobenaene 
(B^champ,  Ann.  Ch.  Phys.  [8]  xlii  186).-»8.  Of  a  hot  solution  of  aneniooa  add  in 
caustic  soda  (Wohler,  Aim.  Ch.  Pharm.  cii.  127) : 

2C«H»N0«     +     3As«0«     +     2H«0       «       2C^'N     +     SAsK)"; 

c.  Together  with  azobenzene  and  oxalic  acid,  by  distilling  nitrobenaene  with  alooliolie 
potash: 

2C«H«N0»  +  C«H«0  +  2KH0     -    C^'N  +  C«H»N   +  C«K«0«   +  2H»0; 

(.  According  to  Letheby  (Chem.  Soc  J.  xri.  161)  nitrobenaene  ia  oonTexted  into 
aniline  in  the  stomach. 

8.  By  the  dry  distillation  of  the  isomeric  compounds  pheny.l-earbamie  acid 
(Fritzsche),  salicylamide  and  nitrotoluene  (hydride  of  nitxobenaojl)  (Hof- 
mann  and  Muspratt) : 

c»H^o«     -     cm^  +  C0«. 

4.  By  the  action  of  phosphoric  anhydride,  chloride  of  zinc,  or  hydiodilorie  acid  on 
diphenylcarbamide  and  diphenyl-sulphocarbamide  (H  o f  m  a  n  n,  Pkoa  IU7.  Soe.  is.  274): 

C»»ff«N«0      «      C^fl'N     +     CWSO. 

Dipbeayl-cartw-  Aniline.  Pbeoylle 

mldc  qranate. 

C>*ff*N«S       «       Cm^     +     C'H*NS. 

DlplMDjI-ralpbo-  Aniline.        Phenjilc  ral]dio- 

carbamlde.  cyanate. 

5.  By  the  distillation  of  azozybenzene.    (Zinin,  L  479.) 

6.  By  distillinff  indigo  |>^  se  (Unverdorben),  or  witli  very  strong  aqoeooa 
potash  (Fritzsche);  also,  by  distilling  isatin  with  potash  (Hofmann) : 

C«H»NO     +     4KH0     +     HK)       =       C«H^     +     2K»CO»     +     H«. 
Indiga 

C«H*NO«    +     4KH0  -       C^'N     +     2KKX)«     +     H». 

iMtln. 

7.  Aniline  is  found  among  the  products  of  the  distillation  of  coal  (Range);  of 
peat  (Vohl,  J.  Pharm.  [3]  xxxvL  319)  ;  and  of  bones  (Anderson). 

According  to  P  hip  son,  certain  fimgi  of  the  senus  BoUiua  {B.  eyaneseens  and  R. 
lvridtu\  the  tissue  of  which  acquires  a  transient  uue  colour  when  triturated  in  contact 
with  the  air,  contain  aniline. 

Preparation. — 1.  From  Nitrobenune, — Of  the  various  modes  of  oonrerting  nitro- 
benzene into  aniline,  the  reduction  bj  fSerrous  acetate  is  the  only  one  that  is  now  used 
as  a  practical  method  of  preparation.    It  is  by  this  method  indeed  that  the  lai^  quaaj 


MONOPHKNYLAMINE  OR  ANILINE. 


■121 


> 


tttita  of  aniline  rpqnirtHl  for  the  production  of  aniline  colours  are  prepared  Tho  tiitro- 
bmiPtie  is  mixf^l  with  nnetxc  ndd  in  ea.Ht.iroii  re«»<>K  and  ca«t-iton  tnniiigB  or  filings 
AM  wtry  gruduaJly  udd^^d,  cnr«  being  takc'n  ibat  ihe  heat  produced  by  the  reaction  doea 
DOt  two  too  bigli.  £quiil  weights  uf  the  threo  BalMtatioea  afo  Yerj  conTenient  pro- 
poitiona.  The  mixture  la  loon  converted  into  a  aolid  or  temt^id  mass,  coneiating 
principally  of  ferroua  acetate  and  acetate  of  aniline.  This  ia  diatilled,  either  alont  or 
with  addition  of  lime,  in  large  oaat-tron  C}dinder8,  the  maas  being  gmduallj  raised  to  a 
red  beat.  The  distillate  may  rarj  in  compoeitioUt  but  it  generally  consiata  of  acetone, 
atuliDf*,  uaaltcred  nitrobensene,  and  other  producta  arinng  from  tlie  impnriliea  of  the 
nitrubenz^ne.  If  the  iron  and  acetic  acid  are  used  in  great  excefla,  the  aeoompoeition, 
aa  obeerved  by  Sc h e u  r e  r-  K e s t  n er,  may  go  too  Jar,  ao  as  to  reproduce  bena«ne^  with 
airoultaQeoua  eTolaiiou  of  ammonia : 

3C«HT*r   ^  Fe'   ^   3H«0     »     ZCm*  +   3NH-   +   FtH>f, 

The  crude  aniline  mixton  is  redistilled,  and  the  aniline  obtAmed  snfBciently  pure  fof 
mHnufactanng  purposea^  by  ooUecting  the  portions  diiftiUing  between  17*5'^  und  190^. 
It  may  be  further  purified  by  distillation  with  potjinh,  and  subsequent  roctiHctition. 

Acconling  to  A.  K  r em  e r  ( J*  pf.  Chem.  xc.  266),  nit robon Bene  may  be  nd vunta^eoualy 
converted  into  auiline  by  meaJia  of  xinc-dust  and  w«ter,  without  the  aid  of  an  acid : 

C^'CNO*)   +  Zn»  +   HKJ     =     CnSTH  +   ZZa-Q. 

Trom  2  fo  2|  pt«.  of  einc-du.Ht  (the  product  containing  from  80  to  95  per  cent,  of  the  metal 
which  paasea  over  it  in  thv  redaction  of  rinoore  at  thi*  commencement  of  the  distil* 
latiao),  are  hetitM  with  f>  pts.  water  and  1  pt  nitrobenzene  in  a  returt  with  a  conden* 
MiDjj^  tube  directrd  upwrirdn,  a  gentle  heat  being  iippU«Kl  at  first,  and  afterwarda  raised 
to  the  boiling  point.  When  the  transformation  is  complete  (which  may  be  known  by 
the  perfect  solubility  of  the  product  in  dilute  hydrochlonc  acid),  the  aniline  (amounting 
to  63—^66  per  oenL  of  the  nitrobenzene)  ia  distiUed  off  with  water.  The  redaction  may 
iJiso  be  e^ectedf  though  much  more  slowly,  by  iron  reduced  with  hydrogen. 

2.  From  Coal-tar, — Aniline  exists  ready  formed  in  coal-tar  oil»  but  mostly  in 
small  quantity,  not  exceeding  1  per  cent.,  so  that  its  separation  cannot  be  advan- 
tageously  performed,  excepting  when  very  large  quantities  (from  1000  to  20l]0  lbs.)  ara 
to  be  operated  on.  The  coal*tar  oil  is  shaken  up  in  carboya  with  strong  hydrochlofio 
acid ;  and  the  watery  layer  below  the  oil  is  remoTed  with  a  syphon,  filtered  through  coafM 
paper  and  distilled  with  excess  of  slaked  lime  in  a  copper  stili  The  distillate  thua 
obtained  is  a  mixture  of  ammonia,  pyridine*  picoline,  aniline,  leucoline  (coftl-tar  chino- 
line,  ill.  5B3)  and  other  basea  nearly  allied  to  the  last,  the  three  first  mentioned  baaea, 
or  t  lie  others^  predominating  acoording  as  a  more  or  less  Tolatile  coal-tar  oil  has  beeo 
usi4.  The  so-called  "dead  oil'*  which  sinks  in  wmt«r(i.  1038)yields  when  thus  treated 
scarcely  anything  but  aDiline  and  leucoline  bases;  and  from  this  mixture  the  aniline 
may  be  separated  by  the  prooeas  described  undor  Chtnolii«x  (i.  67U)* 

3.  From  Indigo, — Pulrertaed  indigo  is  introduced  into  rery  strong  aqueous  potash 
oontained  in  a  retort;  the  reciting  brown  maaa  is  heated  »lb  long  as  ammoniacal  water 
and  a  brown  oil  pass  over  with  intumescence ;  and  the  oil  is  separated  by  distillation 
into  a  brown  resinous  residue,  and  a  colourless  distillate  of  anilinei  amounting  to  20 
per  cent  of  the  indigo.    (F  r  i  t  s  s  c  b  e. ) 

iVop#rtief.— Aniline  is  a  transparent,  colourless,  mobile,  oily  liquid,  baring  a  faint 
rinooR,  not  nnpleasant  odour,  and  an  aromatic  burning  ta^te.  It  retaiui^  its  mobility  at 
20°^  but  Bolidtfies  at  the  temperature  of  a  mixture  of  ether  and  solid  carbonic  acid.  It 
boils  at  182^(Hofmann).  Specific  gravity  -  1020  at  le""  (Hofmann),  1028 
(Fritssche),  Vapour-density,  obs,  =>  3-210;  calc.  (2  vol)  =*  3'234.  Index  of 
re&action  —  r$77  (Hofmann).  It  is  a  non-condm-tor  of  electricity.  Its  Tapour 
bvims  with  a  bright  but  smoky  fiame.  It  exerts  a  deleterious  aetion  on  the  animal 
organism:  half  a  gramme  mixed  with  1^  grm.  of  water  and  sprinkled  into  the  month 
of  a  rabbity  prodooed  stzong  cramps,  then  laborions  breathini::,  \i^m  of  strength,  dilated 
pupils,  and  inflammation  ofthe  mucous  membrane  of  the  mouth  ;  when  dropt  into  thf< 
eye,  it  does  not  dilate  the  pupil  ( H  o  f  m  a  n  n).  According  to  8 1*  h  u  c  h  a  r d  t  ( Jahresb. 
186L  p.  495),  ^gs  immersed  in  water  containing  i  pt.  in  8000  of  aniline,  die  in  two 
or  three  hours.  Eight  drops  killed  a  frtg  in  a  quarter  of  an  hour,  and  thr*-?  i^rops 
(ipplicd  to  a  wound  in  the  back,  caused  deuth  in  two  hours.  A  duse  of  60  to  100  drops 
killed  rabbits  in  four  to  six  hours.  According  to  Wohler  and  Frerichs  (Ann.  Cli, 
Pharm.  Ixv.  34.3),  aniline  does  not  exert  any  poisomms  action  upon  dogs.  The  aqueous 
solution  kills  leeches,  and  parta  of  planta  immersed  In  it^     (Runge.) 

Aniline  disaolves  in  all  proportions  in  Hh^,  alcohul^  woodMtrii,  (uaeioti*,  mlphid^  0/ 
carbon  and  mt4^  both  fixed  and  volatile.  It  is  sUghtly  solubl'*  in  UMi^r,  and  likewise 
lakes  up  a  small  i|uantity  of  that  liquid.     Th*'  Hqucont  solntion  hau  an  extremely  weak 
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alkaline  reaction,  afibcting  only  the  most  delicate  test-papers ;  it  does  not  blue 
litmus  or  redden  turmeric,  but  it  changes  the  Tiolet  colour  of  dahlias  to  green, 
dissolyes  sulphur  abundantly ;  also  phosphorus ,  camphor  and  oolophony,lmt  not  i 

XI  or  caoutchouc  It  produces  a  bright  Tiolet-blne  colour  with  chloride  of  Ume  and 
r  hi/pochlorites^  blue  with  sulphuric  acid  and  acid  chromaU  of  potassium,  and  xeds 
of  various  depth  and  brightness  when  heated  with  Utrachloride  of  earAoM,  stanmie 
chloride^  arsenic  acid^  fumina  nitric  acid,  mercuric  nitrate,  and  some  other  salts. 
It  imparts  a  deep  yellow  colour  to  pine-wood  and  elder  pith,  a  chancier  howerer 
likewise  exhibited,  though  in  a  less  degree,  by  other  bases,  namely  oonine,  cinnamine, 
leucoline  and  naphthylamine. 

The  aqueous  solution  of  aniline  precipitates  the  bases  from  ferroos,  ferric,  sine^  and 
aluminium  salts.  With  platinic  and  palladious  chlorides  it  forms  y^JLow  doable  ssJts ; 
with  chloride  of  gold  a  red-brown  double  salt ;  with  mercuric,  antimonie  and  stannic 
chlorides,  white  double  salts.  It  forms  with  infusion  of  galls  a  brownish-yellow  foe- 
culent  precipitate,  soluble  in  alcohol  and  in  hot  water,  and  coagulates  albamuDU 

Dicompositions. — 1.  When  aniline-vapour  is  passed  through  a  red-hot  glnss  tube, 
charcoal  is  deposited,  ammonia  and  hydrocyanic  acid  are  given  ofi^  and  a  brown  liqnid 
condenses  in  the  receiver,  which,  after  the  undecomposed  aniline  has  been  satnrated 
with  an  acid,  yields  by  distillation,  bensene  boiling  at  80^,  and  bensonitrile  (cyanide 
of  phenyl)  boiling  at  190^ — 195°.  The  formation  of  the  latter  is  probably  due  to  the 
action  of  the  hy£ocyanic  acid  on  another  portion  of  the  aniline,  (>H'N  +  CNH  -• 
C^H'N  +  NH*.  A  small  quantity  of  an  indifferent  crystalline  substance,  andanoQy 
base  of  high  boiling  point  are  likewise  found  among  the  products  of  the  deoompositioa. 
(Hofmann,  Proc.  Koy.  Soc.  xiL  383.) 

2.  When  exposed  to  the  air,  it  turns  yellow,  red  and  brown,  and  forms  a  xesin 
which  dissolves  with  yellow  colour  in  water,  the  change  taking  place  more  qnickfy  as 
the  temperature  is  higher :  hence  in  distilling  aniline  it  is  neoesBary  either  to  ose 
a  brisk  fire,  or  to  pass  a  stream  of  hydrogen  or  carbonic  anhydride  thioogh  the 
apparatus. 

3.  Aniline  treated  with  dilute  sulphuric  acid  and  peroxide  of  masi0ane»e,  jields  a 
small  quantity  of  quiuone  together  with  ammonia: 

CWV  +   0«     -     C«H<0»  +   NH«. 

The  greater  part  of  the  aniline  appears  however  to  undergo  a  ftirther  deeom^od;don 
(Hofmann,  Proc.  Koy.  Soc  xiii.  4).  The  formation  of  ammonia  in  this  reaction  was 
also  observed  by  Matthiessen  {ibid.  iz.  637). 

4.  Aniline  takes  fire  in  contact  with  chromic  anhydride  (CrO"),  and  bnma  with  a 
bright  flame  and  agreeable  odour,  leaving  a  residue  of  green  oiromie  sesqmozide»  CtK)*. 
(Hofmann.) 

5.  An  aqueous  solution  of  chromic  acid  forms  with  aniline  or  its  salts,  a  green,  Une, 
or  black  precipitate,  according  to  the  concentration  of  the  solution  (Fritzsche). 
Aniline  or  an  aniline-salt  moistened  on  a  porcelain  dish  with  a  few  drops  of  sulpkmic 
acid  and  solution  of  potassic  chromate^  produces  a  bright  but  transient  blue  eolorBtioB 
(Beissenhirtz,  Ann.  Ch.  Pharm.  IxxxviL  376).  On  this  reaction  is  founded  the 
preparation  of  mauve,  or  aniline-purple  discovered  by  Perkin  (see  AppendxK 
to  this  article). 

6.  With  solutions  of  alkaline  hypochlorites,  chloride  of  lime,  (at  A-g^i^pl^  anilioe 
exhibits  a^  deep  violet-purple  coloration  gradually  passing  into  dingy  red  (Bnngei 
This  reaction  affords  a  very  delicate  test  for  aniline ;  it  is  likewise  ezhibitea,  though 
still  more  transiently,  by  aniline-salts.  The  purple  colour  is  not  altered  by  alkaUs; 
acids  change  it  to  red. 

7.  A  solution  of  aniline  in  dilute  sulphuric  acid  is  easily  decomposed  by  the  eledrie 
current ;  and  if  a  drop  of  the  solution  be  laid  on  a  pirce  of  platinum  foil  connected  with 
the  positive  pole  of  a  small  Grove's  battery  (one  pair  is  sufiident),  and  the  n^ative 
terminal  also  dipped  into  it,  the  liquid  immediately  assumes  a  fine  blue  colour  hang- 
ing to  violet  and  red,  the  colours  being  very  bright  in  strong  solutions,  and  afibrding  a 
very  delicate  test  for  aniline.  The  colouring  matter  is  ultimately  deposited  on  the 
platinum  foil  as  a  blackish-brown  powder,  insoluble  in  water,  alcohol,  ether,  and  am- 
monia, but  soluble,  with  blue,  green  or  violet  colour,  in  strong  sulphuric  add,  i^enee 
it  is  predpitated  hj  water  as  a  dingy  green  powder ;  it  is  partially  decolorised  by  iv> 
dudng  ap^nts.    (H.  Letheb^,  Chem.  Soc.  J.  xvi.  161.)    - 

8.  Aniline  treated  with  a  mixture  of  potassic  chlorate  and  hydrochloric  acid  forms  a 
red  resinous  substance  containing  trichlorophenic  acid  and  perchloroqninone, 
from  which  the  former  may  be  dissolved  out  by  boiling  alcohoL 

9.  Aniline  is  decomposed  bj  nitrie  acid^  and  when  evaporated  at  100®,  leaves  a  brown- 
blsck  residue  (Runge).    It  is  immediately  reddened  by  strong  nitric  ac^  (Zinin). 


MONOPHENVL AMINE  OE  ANILINE. 


423 


II  NOquinw  ft  tnotient  blue  and  green  colour  by  trsatme&t  with  BtroDg  nitric  Acid 
(Fritssche%  With  a  smuli  quantitj  of  fbmiofr  nitric  acid,  it.  immediately  fbniu  • 
d«ep  azure-blue  miztore,  which  whea  rcry  (dighttj  warmed,  turns  ^cUow,  becomes  hot, 
giree  off  gaa  with  riolenoe,  then  aesamee  a  ecajrlet.  colour  continiuilljr  increasing  in 
brig htaeia,  and  depoiita  piericacid(Hofmann).  Aniline  s  disaolr  ed  in  moderately 
etroof  nitric  acid,  tikewiee  paaeee  into  spoat&ocous  ebitUlfcioa  on  the  application  of  a 
gentle  heat»  Ki^es  off  nitroui  TapourSi  and  when  that  action  eeaaee^  is  found  to  be  com- 
Terted  into  picric  acid  (Hofmatin  and  Muspratt): 

CnSTN     +     6NHO«       «      C«H'(NO*)«0     +     4NH0*     ^     3H=0. 

ICitde  acid  heated  with  excess  of  aniline,  or  nitnito  of  anilioe  heated  with  aniline  to 
150o_ieQo  Pjjp  gevcml  hours,  forms  a  beautiful  violot*r#Hi  Fubatonoe^  which  it  one  of  the 
Tarietiea  of  aniline-red«  A  similar  colouring  matter  is  obtained  by  heating  aniline  with 
mtrturie  or  ttureurou*  nitrate^  with  nitraU  of  Uad,  nitrate  o/nloer^  arstnic  acid^ 
gtannic  ckltnidt^  aniimonic  nitrate^  and  a  rariety  of  other  in  Its.  All  these  red  colours 
hare  been  shown  by  Hofinaan  to  conaiit  ofTarioua  salla  ofrosaniline^  C"H**N'  (see 
Appendix  to  this  article). 

10.  Nitrotu  acid  acts  upon  aniltne  in  Tariooa  ways  acoording  to  the  manner  in  which 
the  two  bodies  are  brought  together :  «*  When  hydrochlorate  of  aniline  is  treated  with 
nitrite  of  tiltftr  or  nitrite  of  votatfium^  nitrogen  ia  evolred  and  phenol  is  formed, 
a  metallic  chbnde  and  water  (T.  a  Hunt,  Sill.  Am.  J.  [2]  viil  372.— 


togethiT  with 
Hofmann,  Chem, 


Soc.  J.  iii*  232) : 

C*H'N,HC1     +     AgNO«       .       C»H«0     +     AgQ     ^^     H*0     +     IT'. 

According  to  Hunt,  phenol  ia  likewise  obtained  when  nitric  oxide  is  paased  inte  ft 
dilute  aqueous  solution  of  nitrate  of  aniline  r 

C«H'N      +      HN'O*       -       C^«0     +     H*0     +     K* ; 

but  aecordin^  to  H  o  f  m  a  n  n,  the  whole  or  the  greater  part  of  the  phenol  thus  produced 
isoQATeiled  into  monooitrophenol  by  the  free  nitric  acid  present 

Aooordtng  to  Ma  tt h lessen,  howerer (Proc.  Boy.  Soc.  ix.  1 18),  the  action  (akei  plftOft 
by  two  stages,  the  imiline  in  the  first  instance  reacting  merely  with  water,  to  produce 
ammonia  and  phenol: 

C»H'N     +     H*0       -       H"N     +     C^'O. 

while  in  the  second  stage,  the  ammonia  and  nitrous  acid  act  on  one  another  so  as  to 
form  water  and  ftee  mtrogent  H»N  +  HNO'  =  2H*0  -♦-  N",  and  the  phenol  is 
concerted  by  the  free  nitric  acid  into  nltrophenoL 

In  like  manner  u  solution  of  nitrate  of  amylaniline  is  oonTerted  by  mtrcms  acid  into 
amy  lam  inland  phenol,  the  action  in  this,  as  in  the  fbrmer  case,  consist  ing  in  arephice- 
ment  of  phenyl  by  hydrogen  t 

AiDjI<miUac.  Amjlaffiliit.  PheooL 

and  the  amylamino  being  subsequently  converted  by  the  same  mode  of  BCtioti  into 
Hmmouia  and  amy  lie  alcohol.  Similar  renctions  take  place  under  the  influence  of 
iniric  acid^  of  peroxide  of  manganese  and  sidj>huric  acid^  o{  potOHie  pmtnanffanate^  and 
of  catulic  potath.     (Matt  hies  sen.) 

0.  Nitrous  acid  passed  into  an  aicokolic  solution  of  aniline  conTerta  it  into  aso- 
d iph eny Miami ne^  C'*H^'N\  ft  bilie  fbimed  from  a  double  molecule  of  aniUne, 
C"^H'*N*  by  the  substitution  of  I  ftt  nitrogen  for  3  at,  hydrogen : 

2CH^     +     HND»       -       C»H»'N"     +     2H*0. 

Similar  reactions  take  place  with  the  bromo*.  chloro*  and  nitro-phenylatnines,  and  with 
nil  the  homologues  of  aniline,  the  general  e^juation  for  the  reaction  being : 

20H»»-*N     +     HNO*       -       oH»-'*N»     ^     2H»0 

(Qrif  ss,  Ann.  Ch.  Phann.  cxiii.  334;  snppi  i.  100).  When  nitrous  add  is  passed 
iritii  a  mixture  of  aniline  with  about  four  times  it j  rolume  of  alcohol,  the  axodipbenyU 
diamine  firnt  produced  i*  ultimately  conrerted  into  asophenylamine  (or  diamido- 
bcnaenc),  C-M*N»  -  (C-H*N'-)N: 

C»Hi»N»     ^     NHO«       -       2C«H*K'     +     2H»0. 

tL  Chlorine  pea  passed  throiigh  dry  aniline,  conrerts  it,  with  great  rise  of  tempera^ 
ture  and  evolution  of  hydtt>ehtoric  add,  into  a  bWk  viscid  tar,  which  stops  up  the  gas- 
di  livery  t^ibe.    If,  in  order  to  prevent  this  act-id  tut,  the  chlorine  be  passed  through 
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uniline  mixed  with  wat«r,  or  diBSolved  in  hydrochloric  acid  or  in  algobol,  Um  Uqoid, 
which  aasomes  first  a  Uae,  then  a  black  ooloor,  deposits  a  black  tar,  whid^  oo  oooliiig 
solidifies  into  a  brittle  resin ;  and  this  resin  distilled  with  a  small  qaantitj  of  water, 
yields  trichloraniline,  afterwards  liquefies,  leaves  a  residue  of  charcoal,  and  gtres 
off  hydrochloric  acid  and  trichlorophenic  acid  in  the  form  of  a  yellow  oflSnuivs 
oil  which  crystallises  on  cooling  (Hofmann) : 

C^'N   +  a*     «     C«H«C1«N  +  3HC1; 
TrichloraiiiUoe. 
and: 

C^'N  +  a*  +   HH)     «     OH»a»0  +   2Ha   ♦   NH*C1. 

Trtcblorouhmic 

Trichloraniline  appears  also  to  be  formed  when  aniline  is  distilled  with  hydrochloric 
acid  and  peroxide  of  manganese.     (Hofmann.) 

12.  Bromine  forms  with  anhydrous  aniline,  with  great  evolution  of  heat,  a  htown 
solution,  which,  if  the  quantity  of  bromine  is  sufficient,  solidifies  to  a  mixture  of  findy 
crystalline  tribromaniline  and  hydrobromic  acid  (Fritssche). — Bromine-water 
added  to  aniline  dissolved  in  hydrochloric  acid,  forms  a  considerable  quantity  of  hydro- 
bromic add,  and  a  precipitate  of  tribromaniline  which  quickly  becomoa  crystal- 
line; the  same  substance  is  deposited,  after  boiling  aniline  witk  exoeaa  of  hydrobiomie 
add,  in  the  form  of  a  daric  coloured  oil  which  crystallises  on  cooling  (Hofmann). — 
13.  The  dark  brown  solution  of  iodine  in  aniline,  the  formation  of  which  is  attended  with 
great  rise  of  temperature,  soon  deposits  long  needles  of  hydriodate  of  aniline 
(Fritssche,  Hofmann),  while  the  mother-liquor  retains,  together  with  a  portion  of 
this  salt  and  f^  iodine,  an  ioduretted  brown  amorphous  resin,  together  with  hydrio- 
date of  iodaniline: 

OH'N  +   P     =     OH^IN.HI. 

14.  Cyanogen  acts  differently  from  chlorine,  bromine  and  iodine,  not  remoying  a 
portion  of  the  hydrogen  and  taking  itsplace,  but  uniting  directly  with  the  anilinev  and 
forming  the  compound  OH^Cy  —  C^'N*,  called  cyananiline,  which  is  also  basic 
and  forms  salts  with  adds. 

15.  The  bromidee  and  iodides  of  the  alcohol-radiclea  heated  with  aniline  give  rise  to 
substitution-products  in  which  one  or  two  of  the  typical  hydrogen-atoms  of  the  aniline  are 
replaced  by  alcohol-radides,  e.  g.  ethylaniline  (C*H*X^H*)HN,  diamylaniline 
(C^H»)(C»H")«N,  methyl-ethyl-aniline  (C«H»)(CH»XO'H»)N.  ITieee  compounds 
are  bases  like  aniline  itself:  those  in  which  the  whole  of  the  hydrogen  is  replaced  by 
alcohol-radicles  unite  with  the  alcoholic  iodides,  forming  iodides  of  bases  belonsicg  to 


the  ammonium-type;  thus  diethylaniline  with  iodide  of  ethyl  forms  the  iodide  of 
triethyl-phenylammonium  (C«H»XC«H»)«NI.    (Hofmann.) 

16.  Anihne  heated  with  bromide  of  ethylene  yields,  besides  hydiobromate  of  aniline^ 
the  hydrobromates  of  three  bases,  having  the  same  percentage  composition  C^*N.H^, 
and  separable  by  their  different  decrees  of  solubility  in  alcohol,  the  first  being 
soluble  in  cold  alcohol ;  the  second,  which  forms  the  chief  part  of  the  product,  being 
insoluble  in  cold,  but  soluble  in  boiling  alcohol ;  the  third,  insoluble  in  alcohol  even 
at  the  boiling  heat.    Their  formation  is  represented  by  the  equation : 

2C«H'N  +   C«H«Br»     «     OH-N.HBr  +  C»Hni.HBr. 

The  second  of  these  bases  is  shown,  by  its  reactions  with  bromide  of  ethylene,  iodide  of 

inethyl,&c.,toconsistofdiethylene-diphenyl-diamine,C'*H**N'  —  /nsm^[^; 

the  first  is  probably  ethylene-phenylamineC*H*N,  and  the  third,  trie thylene- 
triphenyl-triamine  C^H*^*.  Bromide  of  ethylene,  heated  with  a  large  excera  of 
BDiune,  forms  ethylene-diphenyl-diamine,  according  to  the  equation  4C^'N   -i- 

C»H«Bi»    -    (C«H»)nN»  +   2(C^TT.HBr).    (Hofmann,  Proc.  Roy.  Soc  ix.  277; 

z.  104).  The  formation  of  a  base  having  the  composition  OH»N,  by  the  action  of 
dilorine  on  chloride  of  ethylene,  had  previously  been  observed  by  Natanson  (Ann. 
Ch.  Pharm.  xcviii.  202). 

17.  Aldehyde  (oxide  of  ethyliden^  CH^O)  acts  upon  aniline  in  a  similar  manner, 
producing  two  compounds  isomeric  with  the  ethylene-bases  just  mentioned,  but  differing 
from  them  in  properties,  and  rdated  to  them  in  the  same  manner  as  aldehyde  to  oxide 
of  ethylene,  that  is  to  say,  containing  ethylidene  instead  of  ethylene,  '^th  vaUrakU- 
kyde,<Bnanthol,  bensoic  aldehyde  (bitter  almond  oil)  and  other  aldehydes,  analogous 
reactions  are  produced,  resulting,  however,  in  eadi  ease,  in  the  formation  of  only  one 
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a>mi>ot]ad  Kimlogoii«  to  the  preceding,  nftmelj  a  compoimd  eonuimiig  2  ttC  of  tbe 
Alddoydo^nidicle,  the  geneml  equatioa  of  the  foaetioo  bcniig: 


«re(N] 


C-H-0 


-  (25r/ji 


With  acetofut  or  kriortf  do  such  reaction  tiJEM  place  (H.  Schifl^  Ami,  CkPhann. 
SappL  iii.  342).     See  PmiirrL-inAiiiKM. 

18.  Anilin©  heat«d  with  an  equal  volume  of  ehiimiform  to  180°— 190**  in  a  sealed 

t  lib©,  yields  hydrochlorwto  uf  fo  r  rn  v  J  -d  i  p  L  £  ny  I  -  d  i  a  m  i  n  e  (C"H')*  vK\together  with 

H     j 
hytlTwblomt**  of  unUiiie  (HofrnHnn^  loc,  eit,)  : 

4C*H'N   4   CUCl*     ^     C"U*-N\HCl   +   2(C*H^,Ha). 

19.  Trlrachforide  rf  carbon  heat«Hl  with  three  timee  ita  Totmne  of  aniline  for  about 
Ihirty  lioiiTH  to  170°— 18n<^  yiel<k  a  bUckish  mass  paitly  §oliibIe  in  water*  From  the 
aqni'ouA  noltitinQ,  potaetb  Aifpanit^^B  an  oily  precipitate  which  when  distilled  with  poUiah 

S>es  off  a  considfrablo  quantity  of  unaltered  aniliuf',  whilst  a  viscid  oil  remaina 
ibind  and  gradually  Bolidifics  to  a  crystalline  mioB,  which  when  washed  with  cold 
alcobol  and  crystatlised  two  or  three  times  from  boiling  alcohol,  yields  a  perfectly  white 
ctyetalline  body  eonjisting  of  carbotriphenyltriamino  C"H^\  whilst  th« 
alcobol  retain  fl  in  solution  a  substance  of  a  magniUcent  crimaon  colour.  The  forma* 
tion  of  carbotriphenyltriiunine  is  repvesented  by  the  equation ; 

C     > 
6C*H'N    f   CCV     «     (C?«H*)^tN*   4   3(C«H^\HCI)     +     Ha 
H'     J 

The  portion  of  the  black  mass  which  is  insoluble  in  water,  dissolfefl  alaofl  entlfd^ 
in  dilute  hydrochloric  acid^  from  which  it  is  precipitated  by  alkalis  as  Mi  aaiorpbouv 
pink  or  dingy  precipitate  soluble  in  alcohol  with  a  rich  crimson  colour.  The  ^reate:r 
portion  of  this  body  consists  of  tbe  same  colouring  principle  which  aceompanies  the 
white  crystalline  substance*    (Hofmann,  Proc.  Hoy.  Soe.  i^.  28i.J 

20.  With  ckloriiU  of  carb(m^  (phosgene  gss)  aniline  yields  a  mistnre  of  hydrochlo* 
rule  of  aniline  and  diphenylcarbamide,  perhaps  thus: 

8C*H^N   4   COa*     =     (CO)''(C*H»)»H'N*   +   C^'N.HCl   4   HCL 

21.  Dry  gaseous  cfdoridt  of  cyanogen  converts  anhydrous  aniline  intomolanilino; 
with  an  aqueous  solution  of  the  gaSi  aniline  forms  phenyl  carbamide  (Hofmann): 

CNCl     - 


Atitiitis. 


^  CNCl  +  HK)    - 


HydrrHlilofAte 
oTnifLiumilU}, 


(COr(C*H»)»H»N»  + 

Phpnijl-Mrt>* 
imlde. 


C«H*N.HCl 

Hjr(lroch1or«t« 
of  AJoilUie. 


Dry  chloride  of  cyotK^en  PAfM^  through  an  ethereal  solution  of  aniline  cooled  with 
ii*e,  fonot  eyauilide  0*5*0^,  and  hydrochlorate  of  aniline  (Cahonrs  and  Oloea, 
Compt  rend  xxzTiii.  354): 

2C^'N  4-   CyCl     -     C*H*CyN   +   C'H'N.HCL 

22.  Brmnidc  of  cyanogen  acta  upon  aniline  like  rolatile  chloride  of  cyanogen,  form- 
ing hydrobroraate  of  melaniline,  and  [in  presence  of  water?]  a  small 
quantity  of  nhenyUcarbamido  (Hofmann). — IX  Iodide  of  cyanogen  forms  with 
aniline:  iodanilioe,  a  brown  product  containing  iodine,  and  hydrocyanic  acid 
(Hofmann).— 24.  When  persulphocyanic  acid  (p.  374)  is  heated  with  anhydrous 
aniline,  the  mixture  mi^lts,  and  solidifies  on  cooling  into  a  mais  which  dissolres  in  boiling 
aictjhol  and  I't  her,  and  when  boiled  with  water  oontaining  a  little  potash,  leayes  a  residua 
of  snlpbtir,  mid  yieldit  a  filtnite  from  which  hydrochloric  acid  precipitates*  together 
with  sulphur.  cr\KtalUne  tholes  which  disaolre  in  bolliog  alcohol  and  etJaar.  (Laurent 
and  Gerbardt,"' Ann.  Ch.  Fhys.  [3]  xxiv.  198,) 

25.  Wiib  oxt/chlurtde  qf  phvsipAffrtts^  anhydrous  aniline  forms  triphenyl>phos-> 
phamide  and  hydrochlorate  of  auiline  ; 

(por 

6(C'H'.mN)   +   P0C1>     ^     3(C^'N.Ha)  +  {OH*)« 

H«     , 

With  9ftIphoehhrtd$  of  pko^pkoru*,  a  whits  mass  is  formed  containing  hydrochlorato 


}., 
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of  annine  and  ptobaUy    triphenyl-sulphophoiphamide,    (T8y(C^B^yV^BPm 
(Schiff;  Ann.  CL  Fharm.  ci.  299.) 

26.  Chloride  of  benzovl  conTerta  aniline  into  a  mixture  of  hydroehloraie  of  aniliM 
and  phonyl-benzamide,  (C'HK)XC«H*)HN.  In  like  nuuuier  with  the  dikndai 
of  ctf 7;/^,  cinnamyl,  and  anisyl,  aniline  jielda  phenyl-camylamide^  phenjl-rinnainidB^ 
and  phenyl-anisamide. 

27.  With  sulphophenylic  chloride,  C*H'S0H}1,  it  forms  phenyl-snlphophenylft- 

mine,  C*H"SO<>N,  or  thiophenylamic  acid,    (SO)*  Vq  (Chiossa  and  Biffi. 

Gerhardfs  Tratti,  iii.  981): 

C^^,C«H»S0«C1      -       C»«H"NSO«     +     HCL 

28.  Strong  iulphurie  acid  oonverta  aniline  into  phenjrl-svlphamie  seid, 
CH'NSO*,  which  when  heat«d  with  excess  of  ftimmff  si^phune  acid,  yields  phenyl- 
disulphamic  acid,  C*H^SH)*  (Buckton  and  Hofmann,  COiem.  See.  J.  is.  SeOi 
26.  Vnth  pkoepkorie  anhydride  it  ^rpeais  to  form  phenyl-phosphamie  aeid, 

OH*NP0*  -  (PO)"'>Q  (Ann.  Ch.  Fharm.  cm.  168).     27.  Heated  with  ymm 

organic  acids,  it  also  forms  the  corresponding  phenylamic  acids  (p.  419).  ^^^ 

29.  With  cyanic  acid,  aniline  formsphenjl-carbamide,  (CO)''(G*H*)H^  or 
diphenyl-carbamide  (CO)''(C*H*)'H*N*,  according  to  the  drauiiBtaiieee  of  the 
reaction  (i.  755).  

30.  With  sulphide  of  carbon  it  forms  phenjl-snlphocarbamide,  (CS)r(C*H^ 
H'^N'  (Hofmann,  i.  766).  The  same  compound  is  produced  bj  tJMtJlling  a  mixtoie 
ofanilin<',  sulphuric  acid,  and  snlphocjunate  of  potassium.  According  to  Crosslej 
(Chem.  News,  iv.  196^  a  mixture  of  aniline  and  sulphide  of  carbon  is  oooTtnted  in  a 
few  days,  with  evolution  of  sulphuretted  hydrogen,  into  a  cream-coloured  httj  sobataaee, 
which  on  addition  of  fuming  nitric  add  yields  a  dirty  brown  and  a  <*"infOB  eonpoond. 

31.  A  solution  of  aniline  and  qwnone  in  a  large  quantity  of  boiling  aloohol  deposits 
cn-stals  of  diphenyl-quinoyl-diamide,  while  hydroqninone  nnaina  in 
solution : 

(C*H»)»  ) 
2C^»N     ♦      aC^K)«      -       (OHWfJ-N*     +     2C^«0«. 

H»      ) 
Aulllne.  Quinone.  Dipheoyl-qoinoyl*         HjdroiiatnoDe. 

dUmkle. 

32.  With  j>«rrA/oroj^'n<m«(chloranil),  aniline  forms  di  phenyl-dichloroqninoyl- 
d  i  am  i  de  and  hydrochlorate  of  aniline : 

(C«H»)»   ) 
4(>HTT     -f     (Xa«0«       -       ((X!1«0«)"[n«     +     2(C^»N.HC1). 

(Hofmann,  Proc.  Boy.  Soc  xiiL  4).  This  latter  reaction  was  first  stndied  bj  Hease 
(Ann.  Ch.  Pharm.  cxiy.  292^  who  regarded  the  amide  produced  in  it  aa  dichloro* 

quinoyl-pentaphenylpentamide,(C^»)»(C«(S«0«)«H«N». 

Balta  of  Aniline.    These  salts  may  be  regarded  either  as  eomponnds  of  amliBS 

with  acids,  or  of  phenyl-ammonium,  C*H^,  with  acid  xadicdea:  a^a.  C^'N.HCl  « 
O'll'NCl.  They  are  all  soluble  in  water  and  alcohol,  and  most  of  them  crystallite 
with  great  facility:  hence  the  name  crystalline,  originidly  applied  to  aniline.  Aniline 
salts  are  mostly  colourless,  but  turn  red  when  exposed  to  the  air,  especifilly  if  they  are 
moist,  acquiring  at  the  same  time  a  faint  odour.  With  hypochlorite  of  calcimn  and 
chromic  acid  they  exhibit  the  colour-reactions  already  described  (p.  422),  and  when 
mixed  with  an  acid,  colour  firwood  and  elder-pith  deep  yellow. 

Acetate  of  Aniline  is  unciystallisable. 

The  brom hydrate  or  hydrobromate,  CH'N.HBr,  forms  well-defined  crystals 
usually  having  a  riolet  tince,  and  somewhat  less  soluble  than  the  hydrochlorate.  It 
may  be  sublimed  without  decomposition. 

The  butyrate  19  siu  oily  salt, sparingly  soluble  in  water. 

Carbonate  of  Aniline  does  not  appear  to  exist 

Chlorhydrate  or  Hydrochlorate  of  Aniline,  C^'N.HCl  or  C^H'Nd,  fenna 
needles  very  soluble  in  water  and  alcohol,  and  capable  of  subliming  without  deecnnpo- 
sition.  It  forms  with  trichloride  of  gold  a  yellow  precipitate  which  quicUjr  turns  brown; 
with  platinic  chloride  in  cold  concentrated  solutions,  an  orange-yellow  ciyBtalline  pulp ; 
and  in  dilute  or  warm  solutions,  beautiful  yellow  needles  of  the  chloioplatuiate. 
2C»H''NCl.Pt"Cl*.  ^ 
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CitraUo/AniUnt,  C-H'N.C«H*0^ 


Of     C»H^ 


y- 


-As  slcoiiolic  Boltttaon  of 


1  aL  eitrie  sdd  mixed  with  1  nt.  Aniline  ooDtAmin^  a  small  qnantity  of  wUer,  dries  up, 
in  rmcno  orer  oil  of  vitriol,  to  a  Ti*cid  brown-red  maw,  in  which  oryatiila  bogin  to  ap- 
pear afier  a  whtk,  ultimatelj  filling  the  entire  mafli.  Thi  -  *  i«:  i  rri<lxict  is 
triturated  with  a  umAll  qnantity  of  alcohol,  the  liquid  «qu«ejt<  in  en,  tlie 

rtoidtie  diiaoWed  in  strong  alcohol,  and  the  solutioa  If^fl  o\*^r  o  i  crjHtjU- 

lises.  It  forms  slender  needles  united  in  rounded  groups,  melting  at  a  t»niptimture  a 
lilUo  below  100®  Vfry  soluble  in  alcohol,  and  still  more  in  wat«r,  lleat^  lo  a  t*^m- 
pemtiire  between  140*  Jind  ldO°,  itgiTes  off  water  and  yields  citninille  a4>id  (i.  100), 

The  dibstfie  iind  tribasic  citnites  of  aniliae  do  not  upppAr  to  cryst:Llli£4\  (Pcbal, 
Ann.  Ch.  Phnrm.  btmL  9h) 

Ft uostiicaie  of  AniiittM  appeara  to  be  produced  by  th*"  dir«M;t  combination  of  ani- 
I'me  with  t'vondf^  of  silicon,  93  pts.  of  aniline^  absorbing  63*3  yl^.  of  tbe  gas,  and  formine 
a  slightly  yf  How  mtiss  which  may  be  sablimed,  dissolTes  ^pannglj  in  boiling  alcohol,  and 
la  deposited  therefrum  in  small  shining  laminate  Wiit<»r  rl^^ompoites  il^  s^^pamting 
gt'latinonft  silica.  When  moistened  with  ammoaiji,  heatf^l,  and  calcined,  it  leaves  but 
a  very  slight  residne  of  silica.  Laurent  and  Dolbos  (Ann,  Ch,  Phys»  [3]  xxii.  lOlX 
who  prnpared  this  compound,  ngaided  it  as  phinyl-flao<siliGamide  or  Hoosiiicanilide. 

litdh^dratt  or  Hfdriodatt  of  Aniline,  C^H'NI«  forms  oeedlfv  Tciy  soluble  in 
Wiitf^r  nnd  alcohol,  leas  soluble  in  ether. 

Mr  Hit  ate  of  Aniline.  Aqueous  aniline  forms  with  aqueouK  mcUitic  acida  turbid 
liquid  whicli  gradually  deposits  scales  resembling  benzoic  acid.  These  crystals  dissolve 
eaiiily  in  water,  also  in  hot  alcohol,  but  tha  salt  no  longt^r  crystallises  therefrom*  It 
turn*  yellow  at  106°  and  givea  off  aniline.     It  appeara  to  be  an  acid  sail,  C*H(C*H*N)0*. 

yitratf  of  Aniline^  C'H'N.NHD',  separates  after  some  time  from  a  mixture  of 
auiliiieand  dilut*^  nitric  acid,  in  concentric  needles,  which  may  be  purified  by  pressure 
bi'i  Ween  foldfi  of  biboloua  papr.  The  mother-liquor  is  red,  and  an  efilorescenee  having 
a  tine  blue  colour  fbrms  on  the  Bid«^  of  the  buiD.  Tbe  crystals  do  not  suffer  any  losii 
of  wi;ight  at  loO^;  at  tt  somewhut  higher  temperature,  the  salt  snblimes  unaltered,  but 
at  190*"  water  is  given  off,  together  with  a  tarry  liquid  from  which  nitraniline  may  be 
cxtractrd  by  hydrochloric  acid  (Bdchamp,  Compt.  rend.  Ui.  C60): 

CH'N.NHO*       =       H*0     +     C*H*(NO»)N. 

The  salt  heated  with  aniline  is  converted  into  nitrate  of  rosaniline  (see  Artnnrum  to 
pEncYLunxna.  Witb  aqueous  chloride  of  iodine  contain ijjg  a  flight  excesa  of  iodine, 
it  yields  a  bluish-green  Drecipitate,  quickly  turning  black,  and  ctintiiining  (a)  a  nub- 
slance  solubb  in  sulphide  of  carbon,  *ind  crystallising  tliert*fpom  in  nearly  c*^lourleae 
needles  containing  16*7  per  cent,  carbon,  I  07  bydrogon,  B6  23  iodine,  3"22  nitrogen, 
and  13*82  oxygen;  {6)  a  purpHsb  substance  cryfctalliMng  in  laminse,  insoluble  in  sul< 
phide  of  carbon ;  and  (c)  a  dark-coloured  amorphous  body.  Tbe  same  products  Are 
obtained  bv  the  action  of  chloride  of  iodine  on  the  oxalatei  and  probably  also  on  otber 
salts  of  aniline,     (Stenhonse,  Chcm.  Soc,  J.  xriL  328/) 

Oxalate  of  Aniline,  2C«H^K.CH»0^  =  C-^C*H'N)»0«.— A  boiling  alcoholic  solu- 
tion of  oxalic  acid  saturated  with  aniline,  yields  a  magma  of  crystak  which  may  be 
purified  by  washing  with  alcohol^  and  pressure  between  p«per«  From  a  hot  eatumted 
Aqueciis  solution,  the  ealt  crystaliiseii  in  stellate  groups  of  oblique  rbomboi'dal  prismjt. 
It  is  anhydrous,  moderately  soluble  in  hot  water,  sparingly  soluble  in  alcohol,  insoluble 
in  f*ther.  The  aqueous  solution  becomes  acid  spontaneouslpr  und  deposits  a  brown 
powder  on  exposure  to  the  air.  When  heated  rather  strongly,  it  gives  off  aniline,  water, 
earbonic  oicidi^  uud  cHrbonic  anhydride,  and  leates  a  Rsidue  containing  diphenyloxamtde 
and  phcnyl'furiimmide  (p.  28-5). 

AccorJiujr  to  Piriii  (Ciraento,  ii.  30a)  perfectly  pure  oxalate  of  iinitino  maybe  heated 
in  the  oiMiith  W'twten  160°  und  IBO^  without  fufiion  and  ^4thoiit  pmttotioii  of 
phewyl-fijnnaniide,  the  rtx^idne,  which  i»  perfectly  white  and  cryE^tatline,  ooninstintt 
wholly  of  diplifnyloxuTOide;  but  oxalate  of  aniline  in  a  leas  pure  state  yields  phenyl 
forroamide  as  wtll  as  diph<^nyloxamide. 

Pkinyloxamaif  or  Oxanilate  of  Aniline  {titiA\  C«H<(C*H«N)Na».C«H^O».— 
This  salt  is  obtained  by  frequent  recTystallisiition  of  the  brown  crrstaii!!  which  are  de- 
posited from  the  suliition  of  the  crude  product  of  the  action  of  oxalic  acid  upon  aniline 
in  boiling  watrr.  ft  retains  a  Irown  tinge  even  after  repeated  crystiLlliaation,  and 
forms  confiiaiHl,  often  intorlacrd  needles,  desfituto  of  luiHre,  sparingly  soluble  in  cold 
water,  eajnly  in  boiling  w^tcr.  When  heated  it  gives  off  aniline  and  tbe  products  of 
decomposition  of  phenyloxiimic  acid.  The  solution  mixed  with  hydrochloric  acid  does 
UiA  deposit  phenyloxamic  acid 
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Phrnylsulj^kamate  or  Sulphanilate  of  Aniiine,  geparaleg  from  a ■olplaqp  of 
pbenylsulphainie  acid  in  water  containing  aniline,  the  liquid  fint  howeror  depontai^ 
nnalrc^red  phenylsnlphamic  acid.  _«^««,-,w^ 

Phosphatet   of  Aniline.— a.  Orthopkoaphaies.—a.  DianOie,  C^ll"K*PO«    « 

TO"    ^ 
(C*H«N)HO'.— Ckmeentnted  phosphoric  acid  snpenatnrated  with  aniline^  miHiiHLm 

H  j 
inim(>diatelT  in  a  white  crystalline  mass,  which,  after  being  pressed,  dissdlTed  in  a  ham 
quantity  of  boiling  alcohol,  strained  through  a  hot  filter,  and  cooled,  yields  fleah-ecdonfwl, 
nacreous,  inodorous  laminae,  which  slightly  redden  litmus ;  they  must  be  pressed  be- 
tween paper  and  dried  on  a  warm  tile.  At  100^  they  turn  red  and  give  offaniUne; 
melt  at  a  stronger  heat,  and  finally  leave  metaphoephoric  acid  (oolourea,  aeooiding  to 
Gerhardtybythe  carbonisation  of  a  small  quantify  of  aniline)  while  the  aniline  fola- 
tilises.  They  dissolve  readily  in  water  and  ether,  sparin^y  in  cold  aloc^d,  but  so 
abundantly  in  hot  aJcohol,  tliat  the  liquid  solidifies  on  ooo&ng.  (£.  C.  Kicholton, 
Ann.  Ch.  Pharm.  liz.  218.) 

(PO)-) 

/9.  Mowhaniiie,  C«H>*NPO«  «  C*H^  VO*.— The  squeooa  sdlntum  of  the  mK  a 

H«  3 
mixed  with  phosphoric  acid  till  it  no  bnger  precipitates  chloride  of  berinni,  yields^  in 
a  few  hours,  after  evaporation  over  the  water-bath,  iriiite  sill^  needleo^  wmch  nunt 
bo  cooled  with  ether  and  dried  on  a  warm  tile ;  they  turn  red  in  the  air,  and  dissnlia 
readily  in  water,  alcohol  and  ether ;  in  water,  however,  the  salt  a  is  fbrmed  at  tihe 
same  time.    (Nicholson.) 


(PK)^') 
-(C«H^)«>OM 


b.  Pyrophosphate,  C»»H'«N«PK)'.HK)-(C«H^)«>O^HH3.--Coneentiatediiyioi)lioo- 

phoric  acid  obtained  by  decomposing  pyrophosphate  of  lead  with  sulphnzetted  hydrogen 
forms  with  excess  of  aniline,  a  gelatinous  hardening  precipitate  which  is  a  niztors  of 
tetninilic  and  dianilic  salt  The  former  cannot  be  prepared  in  the  pore  stefo^  but  the 
dianiiic  salt  is  obtained  by  heatins  the  mixture  till  solution  takes  place,  n^emtantii^ 
with  acid,  and  evaporating  over  the  water-bath,  as  a  mass  of  needle-di^ed  crystals 
which  must  be  pressed  between  paper,  washed  with  ether,  and  dried  in  vaieno.  The 
8ilky  needles  resemble  sulphate  of  quinine,  are  strongly  acid,  turn  red  on  enosnre  to 
the  air,  both  in  the  solid  state  and  in  solution,  and  are  soluble  in  water,  but  quite 
insoluble  in  alcohol  and  ether.    (Nicholson.) 

Mitaphoaphate,  C*H>NPO*  »  ^^i^|o.— The  concentrated  solution  of  gjkdal  phos- 
phoric acid  added  in  larse  excess  to  aniline  or  to  its  solution  in  aloohol  or  ether,  throws 
down  a  white  jelly,  which  must  be  washed  on  the  filter  with  eUier  till  the  odour  of 
aniline  disappears,  and  dried  in  vacuo  over  oil  of  vitriol.  It  is  a  white  sinior{diODS 
mass,  which  reddens  litmus,  becomes  glutinous  and  rose-coloured  on  ezpoenre  to  the 
air,  and  dissolves  in  water,  but  is  quite  insoluble  in  aloohol  and  ether.  The  aqneoos 
solution  is  altered,  by  boiling  in  consequence  of  the  formation  of  orthophoephorie 
add ;  it  dissolves  metaphosphate  of  silver,  but  afterwards  turns  red  on  boilings  the 
silver-salt  being  partly  nduced.    (Nicholson.) 

Pier  ate  of  Aniline. — ^The  lemon-yellow  precipitate  which  an  excess  of  of  aloh 
holic  picric  acid  forms  with  aniline,  dissolves  in  boiling  alcohol  and  rryntnlliire  on 
cooling. 

Pyrotartrate  of  Aniline  is  a  crystallisable  salt^  the  solution  of  which  dnesi^ 
to  a  brown  syrup. 

Succinate  of  Aniline  forms  thin  oblique  rectangular  prisms  of  a  pale  zoaeookoe. 

Sulphate  of  Aniline,  (C*H"N)*SO^ — A  mixture  of  aniline  and  snlphnrie add 
immediately  solidfies  to  a  crystalline  pulp  which  must  be  pressed  and  patmed  fay  re- 
crystallisation.  The  salt  is  easily  soluble  in  water,  less  soluble  in  dilute  alcohol,  stiU 
less  in  absolute  alcohol,  insoluble  in  ether.  An  alcoholic  sohition  satorated  at  the 
boiling  heat  solidifies  on  cooling.  It  ma^  be  heated  to  100^  without  alteration.  Whw 
carefully  raised  to  a  higher  temperature,  it  gives  oflf  water  and  aniline,  and  is  converted 
into  phenylsluphamic  acid.  At  a  still  higher  temperature,  it  suffers  fbrther  decompo- 
sition, gives  off  sulphurous  anhydride  and  sulphite  of  aniline,  and  leaves  charcoaL 

Sulphite  of  Aniline  is  obtained  as  a  radiate  crystalline  mass,  by  treating  aniline 
with  sulphurous  anhydride  (  ?  moist). 

5tt/^  Ao6cn^o/a<«  or  flfu//»Aoi)A«ny/a<«o/i<nt7ia<,C*fl«(C^HW)SO«,  obtained 
by  dropping  aniline  into  a  hot  solution  of  sulphobenaolic  add  {a,  e.),  crratallises  in 
long  silky  needles  arranged  in  stellate  groups,  and  generally  exhibittng  a  reddish  tint 
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Thtff  melt  tt  20P,  and  the  AuM^d  aalt  solidtfleff  in  •  >t(^Itat«  cr}^talliiie  muss ;  it 
sublimes  below  the  meltitig  potot  in  colourl««i  emtata.  Dbioke^  readily  in  wa«>T 
and  alcohol,  iparingly  in  ether.    (Oericko,  Ann.  OLPhiirin.  e.  217.) 

Suiphoc^anaie  of  Aniline^  CH'N.CNHS. — ^Aqueous  HulpbocTanic  acid  satnr- 
at«d  with  aniline  depositft  oo  eTapocatioiit  red  oUj  diopt  which  graduallj  soLidifj  tn 
the  crjutalline  form.  The  cryetalline  mass  melta  when  gwtly  heated  ;  then  g^ree  off 
■olphnretted  hydrogen  and  tmlphide  of  aramDniom,  with  Tioleot  ebullition ;  and  when 
more  itronglj  neat^  jieldK  an  oity  distillate  of  sulphide  of  carbon  and  inilpbide  of 
anuaoniom  together  with  diphenyUidphocarbamide,  and  learefl  a  pale  reainoua residue: 
2(C«H^N.CNHS)       =       C"H'«N»S     +     CN»H*S. 

Din  h«niyitulpho-         Sulpboc]rAQNt« 
c^irbdtnide.  uf  Airmoniucn. 

But  the  latter  is  farther  ^esolT4^d  at  the  eiTen  temperature  into  sulphide  of  carbon,  sul- 
phide of  iiminoQium,  and  a  residiie  of  meilouc,  to  which  howerer  an  aoiline^ompound 
adheres.    (Laurent  and  Oerhardt.) 

Tartrate  '?/ ^ m i / 1 a «.— AqueouR  tartaric  acid  solidifies  in  contact  with  aniline. 
The  salt  crystallifiea  from  hot  water  in  needles.     (Hofmann.) 

OompoundM  of  Aniline  with  MtUdlie  Sait*, — Aniline  unites  directly  with  a  con- 


siderable number  of  metallic  salts  forming  compounds  which  m^  be  regarded  as  ehlo* 
rides^  sulphatei,  &c,,  of  phen jlammoniums  contain] ngpetals.  Gerhard t^bj  treating 
aniEne  with  mercuric  chloride,  obtained  the  salt  2C^^.Hg*Cl'  or  C*'H»*Hg''N'.Cl% 


and  a  similar  compound  with  chloride  of  palladium.  More  recently  this  claAs  of  com- 
pounds has  been  examined  by  H.  Schiff  {Ann.  Ch.  Phsrm.  cxxr,  360 ;  exx\rii.  337.^ 
BulL  8od.  Chira.  ?.  66),  who  has  prepared  a  consideraHo  number  of  them.  They  may  be 
represented  by  the  general  formula : 

in  which  W*^  denotes  an  n-atomic  metal,  and  X  a  monatomic  salt-radide,  such  aa 
CI,  NO",  &C.,  X^  being  of  course  replaceable  by  X",  X*  by  X"\  &c.  *.  g. : 

Sulphate  of  ZincodiphcnvlHiiammomum,  2C*H'N.Zn'Cl*    =  (C*H*)*H*Zn'^».a*, 

Chloride  of  Sribity-tripbenyl-triammonium.  3C*H'N.Sb"a"  -  (C*H*/H^Sb''l**.CP, 

CMoride  of  Stannico^tetwphenyUetramO  ^q^^t^  ^^i.q,  „  (C*Hn*H"Sn'*N*  CI* 

moDium,                                               I  *  \         /                 »      • 

These  salts  are  colottrles^,  permanent  in  the  air»  aud  crystallise  well.     Some  of  them 
are  soluble  JQ  wat«r ;  some  may  be  fused^  sublimed,  or  distilled  without  decomposition. 
For  the  descriptton  of  the  indiTidual  compounds,  see  FEMNrLAUMotrtuui. 

SuBSTITUTIOX'DBKITaTTTBS   OF  AkILIKB. 

The  deriTatiTes  of  monophenylamioe  or  aniline,     |,,  \  N,  may  be  arranged  in  two 

well-deflned  groups,  namely,  1.  Those  whirh  are  formed  by  substitution  of  bromine, 
chlorine,  cyttnog«?n,  iodine,  nitrogen  or  nitrj'l   for  one  or  more   atoms  of  hydrogen 

belonging  to  the  phenyl- radicle  CH*;  e.g*  bromanilirif,       „,     [N»   dinitranUinft 

H»        {^* 
2.  Those  which  are  formed   by  substitution  of  alcohol-radicles  or  add-radictet 

C*HM 
for  the  eitra^radical  or  typic  hydrogen,  e.ff,  etkyianUine,  C*H'fN,  phenyJacrtamid^^ 

H*) 
C*H*  ) 

(?h»oIn.&c, 
n  ( 

I,    PaniTATiTBa  or  Aitilixb  vobmmd  bt   bbpiacbiomt  op  Htdbogbh  witwk  tsb 

PmkktL'KA  nicuE. 

The  radical  hydrogen  of  aniline  may  be  replaced,  to  the  extent  of  1,  2,  or  3  afom» 
by  chlorine,  bromine,  or  nitrj'L  The  trichlonv  and  tribromo-compouiwii  are  formid 
by  the  direct  action  of  chlorine  or  bromine  on  aniline ;  those  containing  only  1  or  2 
at.  chlorine  or  bromine,  a«i  well  as  the  nitro- com  pounds,  are  not  obtained  directly  from 
aniline.  These  substitution -compounds  are  It-ss  basic  in  proportion  to  the  numlxT  of 
hydrogpn*atom8  wplacKL  Mono*  and  di^bromo-phenylamino  are  basic;  so  likewise 
ar«*  the  raonochlorinated  and  mononitn>compounds ;  hut  the  tribromo^^  dichlom-, 
tricliloro-,  dinitro-  and  Irinitro-phenylamines  are  ueutral.    One  atom  of  radical  hydrogen 
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in  aniline  mav  also  be  nplaced  by  iodine,  and  by  cyanogen.  lodophenylawinfii  O^Urixf,' 
if  obtained  by  the  direct  action  of  iodine  on  aniline;  and  eyanophenylaauBs  or 
cyanilide,  C'H'N*  -  C*H'(CN)N,  by  that  of  chloride  of  cyanogen  on  an  ethereal  Khrtiai 
of  aniline  cooled  by  ice.    iodophenylamine  is  basic ;  cyanojmenybunine  is  neatnJL 

In  connection  with  the  last-mentioned  compound  must  also  be  meotionad  a  ban 
called  eyananiline,  produced  by  the  direct  action  of  cyanogen  on  anilina^  and  eoa- 
taininff  C^H'N'  -^  CH'N.Chr,  that  is  to  say,  the  elements  of  cyanogen  and  anOiae 
united  witboat  elimination  of  hydrogen. 

There  is  also  a  group  of  compounds  called  asophenylamines  in  wlueh  1  at- 
nitrogen  takes  the  place  of  3  at.  hydrogen. 

The  monochloro-,  bromo-,  and  nitro-phenylamines  are  susceptible  of  two  laomene 
modifications. 

1.  Agophenyiamines, 

These  are  bases  produced  by  the  action  of  nitrous  add  on  aniline,  and  on  tlw 
bromo-,  chloro-,  io<lo-,  and  nitro-phenylamines  above  mentioned,  and  deriTaUe  tbae- 
firom  by  the  subntitution  of  1  at.  nitrogen  for  3  at  hydrogen.  They  ma^  aim  be  ze- 
garded  as  formed  from  benzene,  C'H*.  and  its  deriratiTes,  bromobenxene^  nitrobemrni^ 
&c.,by  the  substitution  of  1  at.  nitrogen  for  1  at.  hydrogen ;  and  this  is  the  Tiewof  dieir 
constitution  entertained  by  Griess,  by  whom  they  hare  all  been  diaeoyered  and 
investigated  (PhiL  Trans.  1864,  Pt.  iii.  p.  667). 

AsoplMiiylainine*  or  Asaniline,  C*H«N*  -  ^^^|n,     or    JHtunbmaem, 

^     [• — This  base  is  obtained  as  a  nitrate:  1.  By  the  action  of  nitxau aoid on 

nitrate  of  aniline : 

C^'N     +     NHO«       -       C«H<N»     +     2HK). 


Nitrate  of  aniline  ground  to  a  paste  with  water  is  submitted  to  the  action  of  i 
acid  gas  in  a  vessel  external ly  cooled  so  as  to  prevent  the  temperatnze  rUang  abore 
30^.  The  salt  then  gradually  dissolves,  and  as  soon  as  it  has  all  oisappeazedt  the  eola- 
tion is  filtered  to  remove  traces  of  a  brown  resin,  then  mixed  with  8  ycL  ationg  alco- 
hol, and  ether  is  added  to  precipitate  the  nitrate  of  azophenylamine.  The  neeipitated 
crystals  are  separated  from  the  mother-liquor  by  filtzation,  and  deeoloirised  dj  ■olvtion 
in  cold  dilute  alcohol,  and  reprecipitation  with  ether. 

2.  By  the  action  of  nitrous  acid  on  azodiphenyldiamine,     K^     >K*,  diaaolTed  in 

H     3 
ether  and  mixed  with  nitric  acid : 

C"H"N»     +     NHO»     +     2NH0»       -      2((ra«N«.NH0n      +     2H^. 
Aiodiphenyl-  Nitrate  of  uopheofl- 

dUmlne.  amlDe. 

8.  By  the  direct  action  of  nitrous  acid  on  aniline  mixed  with  4  voL  alcohol,  in  wliidi 
case  it  is  probable  that  azodiphenyldiamine  is  first  formed  (p.  460)  and  then  ooniatsd 
into  nitrate  of  aaophenylamine  as  above. 

4.  Byf  the  action  of  nitrous  acid  on  nitrate  of  ethylaniline  : 

C^«(C^*)N.NHO«     +     NHO*      ==      <>H*N«.NHO«     +     C*H«0     +     HK). 

A  very  concentrated  solution  of  nitrate  of  azophenylamine  mixed  with  very  atroog 
caustic  potash  and  evaporated  over  the  water-bath,  yields  a  compound  of  aaopheny- 
lamine  with  potash,  C*H*N*.KHO ;  and  the  aqueous  solution  of  this  compoond  mixed 
with  acetic  acid,  deposits  azophenylamine  as  a  thick  yellow  oil,  having  a  peculiar 
odour,  and  remarkable  for  its  extreme  instability.  It  soon  begins  to  give  ctlt  mtipgoi, 
and  is  rapidly  converted  into  a  bro^-nish-red  substance ;  the  decomposition  ie  attended 
with  considerable  rise  of  temperature,  which,  when  large  quantities  are  concerned,  may 
give  rise  to  dangerous  explosions.  Ether  dissolves  it  instantly,  with  violent  entdntiMi 
of  gas,  and  forms  a  red  solution. 

CoicpoiTinM  OF  AzopBBNTLAMTKB. — Azophenylamiue  unites  both  with  acid%  and 
with  other  bases  organic  and  inorganic ;  but  the  compounds  are  beet  obtained  by 
indirect  methods. 

Bromine-compounds. — ^The  hydrobromatf,  C^*5*.HBr,  is  produced,  together 
with  tribromaniline,  by  the  action  of  bromine  on  azodiphenyldiamine,  aa  shown  by 
the  equation : 

Ci«H»»N«  +  Br*     -     C«H«N».HBr  +  C^<BrW  +   2HBr. 

*  The  tenn  asophenjUmioe  was  applied  bf  Qerhardt  to  Zlnin*a  aemlbe  n sidaai.  0>H*M*  z  bm  tUi 
J^LJx"^  "*•  compwrflonof  tmidophenyUmlne,  C«H*<NfI*)N,  or  of  pheayUiie.diaaUe, 


AZOPITENTLAMINE. 


431 


Ob  Aii^kig  tn  ethereal  iolutmn  of  bromind  by  dfopi  to  &  modemtelj  strong  soltition 
of  tiod]|)beoyUli amine,  a  crysUlline  precipiUte  of  bydrobromste  of  asopfapDjUminn 
ia  prodneed,  while  tribrotnaQiim'?'  nsmainfl  m  aolation.  The  cryitalfl  maat  he  qnicklf 
wA»ibed  with  ether  and  dried  oxer  oil  of  vitriol 

Hydrobromrire  of  azopbeajrlamtne  cry^taUisM  in  whit«  naer^out  tealet  <Maily  solubto 
in  tfHiirr,  U^am  Kolubb  in  atcohoi,  ittioluble  tn  ttker.  The  nolutiotis  hare  a  itrong  acid 
rractirvn.  Th*"  *alt  te  very  tinjftable,  deeompOfLng  spontaneonely  with  a  peculiar  odonrf 
and  exploding  with  rioleoce  by  heat,  iHcHoti  or  prcasriro.  Tb<*  aqtijpoiia  nsliitloii  ti'Mted 
with  moist  ckfoHfle  of  gitiy^r  yii*lds  bromide  of  ailrer  and  hydrochJorat«  of  aaophenyl- 
amine  or  chloride  of  aj:opheoyInminoniiiiit. 

Brom&piutinaie,  2(C*H*N*  H  Br  iPfBf*.— Obtained  aa  an  iniwluble  wddiah-yellow 
pri*eipitiite  on  mixing  platintc  bromide  with  a^ueoot  nitrate  of  azophenybuniDe,  It  \n 
dreonipO!»ed  by  hoating  with  carbonate  of  aodium,  in  the  same  manner  as  the  chloro* 
plattnate  (I'l^/ra)  yielding  bromobensone.  _ 

F§rhnmid4  qf  A£Qphgnylamuumium,Gm'^^S^^  «   ^^^^P**^  {nBt".  — Thia  com- 

poond,  probably  analogoua  in  constitution  to  the  tri- iodide  of  tetretbylammonitim,  ia 
ppodncea  by  the  action  of  bromine  on  nitrate  of  a^ophenrlamine.  On  adding  a  limall 
qimntity  of  bromine-water  to  an  aqneotw  solution  of  the  nftrate,  a  whit«  cryntaUine  pre- 
eipittate  of  tribnumophenic  add  is  tUfdal'      '  I,  owinfi;  to  the  presence  of  a  amall 

^nftnlity  of  phenol  forratd  frt)m  the  i\  n  of  the  nitrate  by  water.     On  r»- 

mOTing  thia  precipitate  as  quickly  a^  pj^  ,,  ,  ....1  itdding  a  large  exceas  of  brrimine- 
wmtcr  to  tho  filtrate,  perbn^mideof  assophenyiammoniura  sepAratet  aa  a  brownish -red  orl, 
which  wben  aeparated  from  the  mother-liquor  quickly  eolidifiea  in  a  cvy atalline  masji ; 
it  may  be  purified  by  washing  with  ether,  or  by  diaaolvuig  it  in  cold  alcohol,  leaving 
the  lolutioa  to  evaporate  HpontAneonaly  in  ahalkw  veaaMi^  and  than  waihing  thii 
reaidue  with  a  little  ether  to  remuve  an  oily  product  of  deoompoeitlon. 

Perbroniiilc  of  azophenylommonium  cirstaJliaes  in  yellow  plutea  msoloble  in  wnier, 
rather  difTicultly  soluble  in  aU^hol^  insofnble  in  ether.  It  ia  comparatively  alable  in 
the  dry  state,  but  dpconifioseii  quickly  in  alcoholic  solution.  When  heated  it  gives  oflf 
bromine  and  nitrogen  and  ia  converted  into  broniobenceoe : 

CH»N^i*     »     C*H*Br  +  N»  +  Br*. 

In  decomposing  large  qtmntitics  of  the  perbromide  in  thia  manner,  it  should  be 
mixed  with  carbonate  of  Bodium,  otherwise  u  violent  exploffion  ia  likely  to  oecur. 
Bromobenaene  is  likewise  formed  on  heating  the  perbromide  with  alcohol,  and  aeparatea 
as  a  heavy  oil  on  adding  water  to  the  solution. 

With  aqoeous  ammonia  the  perbromide  yields  azophenylene-diamine  (dlaco- 
benxolimide  of  Grieaa)  and  bromide  of  ammonium  : 


4NH' 


Ai(vph«nfkne*<llan)iie« 


8NH«Br, 


P«rbr(xmld& 

CAfor I n« -(JO wtp 0  If  ni*.— The  kydrockloraU  i»  obtained  by  treating  an  aqueous 
solution  of  the  nitrate  with  moist  chloride  of  silver, 

Chloroaurat^,  C*H*N'.IICl.AuCl^  — ObUtined  on  adding  trichloride  of  gold  to  an 
aqueous  solution  of  the  nitrate,  as  a  li^ht  yellow  cjystaliine  precipitate  initotuble  in 
water^  but  soluble  in  alcohol,  from  which  it  dYfltaUiseB,  on  cooling,  in  smeill  golden 
yellow  pla!4?^:  it  cannot  however  be  rec^staUised  without  losa,  and  is  completely 
decomposed  by  continued  boiling  with  alcohoL 

Suipk^dric  acid  gas  paased  through  water  in  which  this  gold-salt  is  suspended^  con- 
verta  it  into  trisulphi^  of  gold,  and  a  volatile  oily  Hqaid  isomeric  with  phenyl- 
mercaptan  (p,  418.): 


This  liquid  has  an  odour  of  mercaptAn«  but  is  not  precipitated  by  acetate  of  lead  or 
nitrate  of  silver.  A  small  portion  of  the  azophenylamino  nndergoea  at  tlie  aame  time 
a  different  decomposition,  resulting  in  the  formation  of  aniline : 

Snlphydric  acid  passed  orer  th»?  gold-«alt  spread  in  a  thin  layer  over  the  inside  of  a 
glass  tube,  dr«>mt>ose8  it  into  hydrochloric  add,  trisulphide  of  gold  and  ajcopheoyl- 
amine ;  the  decomposition  of  larger  quantitjVs  is  attended  with  explosion. 

Ckicropiatinatr,  2(C*H  'N*kHCI  ).Pt<' CI*.— Precipitated  on  adding  platinic  cliloride  to 
a  rather  ooneentntted  woltttiim  of  the  nitrate,  in  f  ne  yellow  prisms  almost  iosolubk  in 
alcohol  aid  eiher.     Th^y  Are  moderately  stable,  but  when  kept  for  some  time  acquir* 
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A  brownish  colour,  And  are  gndaiilly  bnt  completely  d«!ompo«ed.  The  Mlt  dcfls* 
grates  when  heated,  bat  if  mixeil  with  a  larpre  excess  of  carbonate*  of  sodimn,  burhm, 
calcium,  icc^  and  heated  in  a  sand-bath,  it  is  quickly  decomposed  into  chlorobenmi^ 
metallic  platinum,  chlorine,  and  nitrogen  : 

2(c«Hw.Ha)Pt"a*   =   2C^»ci  +  pt  +  a«  +  N«. 

Nitrate  of  Azophenylamine,  C«H«N«.NHO«.— This  salt^  the  pre|>aratiott  of 
which  has  been  abeady  described,  crystallises  in  long  white  needles  very  soluble  in 
watfTf  less  soluble  in  alcohol^  almost  insoluble  in  ether,  and  in  hemene.  It  mav  be 
dried  without  alteration  over  oil  of  vitriol.  When  heated  even  below  100°,  it  explodes 
with  fearful  violence,  far  surpassing  that  of  fulminatine  mercury  or  iodide  of  nitrqgen. 
The  explosion  of  a  gramme  of  it  causes  a  concussion  like  that  produced  by  firing  a 
pistol;  a  somewhat  larger  quantity  exploded  on  an  iron  slab  several  lines  thick 
smashed  it  to  atoms.  Faction,  pressure  and  percussion  also  cause  it  to  explode.  The 
smallest  particles  of  it  accidentally  dropped  on  the  floor  of  a  room,  and  trodden  upoa 
when  dry,  give  rise  to  a  series  of  explosions  attended  with  flashes  of  light. 

Nitrate  of  azophenylamine  is  resolred  by  boiling  with  water,  into  phenol^  nitric  add 
and  free  nitrogen : 

C^W.NHO*     +     H^       «       C^H)     +     NHO»     +     N«. 

By  distillation  with  alcohol,  it  is  resolved  into  dinitrophenie  acid,  benaene^  and 
afdehyde,  together  with  water  and  free  nitrogen : 

2(C«I'N».NH0")  +  C«HH)     -     C^<(NO«)*0   +  C«H«  +  CFHH)   +   HK)  +  IP. 

A  cold  aqueous  solution  of  the  nitrate  left  in  rontact  with  levigated  earbcmate  qf 
barium,  slowlv  gives  off  nitrogen  and  is  converted,  after  some  daya,  into  a  mjxtars  oi 
two  compounds  of  aaophenvlamine  with  phenol :  viz.  C"H"N*0  ■■  C^H*N*.OH*0  and 
C"H"N*0  -  2C«HW.C«H«0  (vid,  inf.),  the  mode  of  their  formation  being  as  foUowi : 

2C«HW  +  H«0  -  C'«1I"N*0  +  N« 
3C^*N»  4.  H«0  -  C'»H»«N«0  +  N». 
On  mixing  very  concentrated  aqueous  nitrate  of  azophenylamine  and  caugUe  potmsk^ 
a  compound  of  azophenylamine  with  potassic  hydrate,  C*H*N*.KHO,  is  pcodneed ;  but 
on  mixing  dilute  aqueous  solutions  of  the  two  bodies,  a  yellow  liquid  is  obtained,  which 
has  a  peculiar  odour,  soon  begins  to  give  off  nitrogen,  and  deposits  a  xeddiah-bEQiwii 
substance  having  the  composition  C^B'^N'O : 

4C«H*N«  +  H«0  -  C«*H»"N«0  +  N«. 
The  reaction  is  veiv  slow  at  common  temperatures,  but  takes  place  qni^y  on  hsatinff 
the  liquid,  the  reddish-brown  substance  being  then  separated  as  a  reainons  aemiflml 
mass,  quite  insoluble  in  water,  only  slightly  soluble  m  alcohol,  even  at  the  boiliii^ 
heat,  but  easily  soluble  in  ether,  and  remaining  as  a  resin  on  evaporating  the  ether. 
Its  powder  is  strongly  electric  When  boiled  with  nitric  acid,  it  yields  a  ydkwidi 
crystalline  body. 

Alcoholic  potash  added  to  the  aqueous  nitrate  of  azophenylamine  produces  a  mors 
complicated  reaction,  yielding  benzene  and  phenyl,  inad<fition  to  tne  reddish-brown 
substance: 

C^W      +     C«HH)       =3       cm*     +     C«H<0     4      N«. 

AiophenjU  Alcohol.  Beniene.  Aldehyde, 

•mine. 

2C^*N«     +     C«H«0       -      C»«H"    +     C«H*0     +      N«. 
Phenyl. 
On  heating  the  liquid  in  a  retort^  the  benzene  passes  over  with  the  alcohol  and  may  bs 
separated  by  addition  of  water,  while  the  phenyl,  being  less  volatile,  distils  over  sftv 
the  alcohol  and  crystallises  in  the  receiver.     It  melts  at  70^,  and  resembles  in  eroy 
respect  the  phenyl  obtained  by  Fit  tig  (p.  409). 

Dilute  aqueous  ammonia  added  to  an  aqueous  solution  of  nitrate  of  azophenylamine, 
forms  a  brown  mass  separable  by  alcohol  into  an  easily  soluble  and  a  sparin^y  solnUs 
m...  i.x  _.._fj._.-.  1  _..i^  XI.  J       TT..vT.r>         *       'bythei    ■ 


portion.     The  latter  is  identical  with  the  compound  O'^H^NH),  produced  by  t 

of  potash;  the  former  is  asodiphenyl-diamine,  O'H^N*,  produced  as  shown  by 
the  equation : 

2(C^*N«.NH0»)  +  3NH«     =     C»«ff»N«  +  2(NH^NO«). 

With  bromine,  nitrate  of  azophenylamine  yields  perbromide  of  asophenyl 

With  auric  and  platinic  chlorides,  it  forma  precipitates  of  the  chloroaorate  and  cUon)- 
platinate  of  azophenylamine. 
With  aniline  m  aqueous  solution  it  forms  azodiphenyl-diamine  and  nitrate  of  ftmEss : 
C«HW.NHO»     +     2C«H'N       .      C»«H»W     +     CTBTO.NHO*, 
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In  like  m&tinef  with  bremanilmt  it  jieldi  bronutfodipboojIdiAiDiiK^,  C^'H'*BrK";  and 
wieh  rtaplUky(armnt^  it  formi  txi>xuipbtbjl-pheiijl-diiiiiiuio  (see  PnsMTL-ouMurBS*  p. 
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0#yA#fi^amal«  of  Asopktnvtamine,  C**H"NK>*    -    C»H*N*.C'H^NO»,  or 

AMophtnyl'4)xy6mMamic  aeid,  { CHK) )"  >q  ,  — JOtazobensol-amidobeiitiHe  acid  (  Q  r  i  e  8  »), 

— Obtftined  by  mijdiig  ftn  &qu<?ou8  •olution  o{  I  &t.  nilrftte  of  ajBophenyl&iDiDe  with  2  at 
ozybenonuc  «cid,  »epiimtii)g  as  a  yellow  crystalline  precipitate,  tlie  etbere&l  tiolutioo  of 
whiefa  depoeite  yellow  cryatab,  bo  be  purified  by  waiibing  with  cold  water : 

C^HW.imO*     +     2C'H'N0»       «       C"H'*N"0»       +     CTH'NO'.NHO*. 

NUrate  of  /kfo*  OK|beatamfc  Oijbfnumale  of  Nltr»te  of  Oxf bcntuoSc 

phrnifltminmm  sctdL  Asoph«D|l«aiine«  axid* 

A  Ibmui  imaU  iodistiiict  plates  or  crystalline  grains,  n«arly  insoluble  in  wai^,  Tnrj 
•paringty  Bolnble  in  alcohol,  easily  soluble  in  ether.  Heated  on  Dlatinuni-foil,  it  melta 
and  is  rapidly  d(MK>mpoaed,  with  Tiolent  erolntion  of  gas.  Cold  dilute  mineral  acid* 
act  upon  it  but  Blowly,  but  deoompoee  it  speedily  with  aid  of  heat,  Acttio  acid  even 
when  highly  concentrat^Ml  hae  no  action  upon  it  in  the  cold,  but  deatroya  it  when  heated. 
Solutions  of  amm&nia^  potash,  tkXid  carbonate  qf  potassium  diMolre  it  readily,  with 
jeUow  eolour. 

Atophenyl-oxybenwiroic  acid  etihibita,  with  bases,  tho  bfrhariomr  of  a  diboiic  aeid, 
nnMng  with  thora  in  two  preparationi.  All  ite  salts  lire  comparatively  stable:  those 
which  are  soluble  in  water,  the  potaseiunt-salt  for  example,  will  even  bear  recrystal- 
liaation.     With  the  oxides  of  silver  and  barittm  it  forms  in»oluble  precipitot**. 

like  most  amic  acids  il  exhibits  basic  as  well  as  acid  chamctors.  On  mixing  its 
othereel  eolation  with  an  alcoholic  solution  of  platinic  chloride,  a  ckioropfatinatit 
C"H"NK)*  2HCLPt"Cl*,  ie  precipiuted  in  small  indistinct  yeliowish-white  plates, 

Aaophenylamine  forms  similur  compounds  with  paraojt^ben^amic  add  (p.  *S52\ 
oxifontsamic  aeid,  &c,,  which  are  obtained  in  like  manner  by  acting  on  nitrate  of 
msopheuylamine  with  the  respective  acids. 

Phenatts  of  Asopkenylamine, — Two  of  these  compounds,  containing  respect- 
iTely  the  elements  of  1  and  2  at  azopbeoybimiDe  with  1  at.  phenol,  are  prodticea,  as 
already  obeerred  (p.  432),  by  the  action  of  carbonate  of  barium  on  a  oold  aqueous  solulton 
of  nitrate  of  aaopneoylaaaxDe.  Nitrogen  is  then  slowly  evolved,  and  a  reddish-brown 
masa  is  formed,  oonsisting  of  the  two  compounds  just  mentioned  together  with  the  exeesi 
of  carbonate  of  barinm ;  and  on  flUtering  off  the  solution  contaming  nitrate  of  barium, 
r^'moving  the  excess  of  carbonate  b^  hydrochloric  acid,  and  treating  the  residue  with 
cold  alcohol,  the  compound  containing  the  larger  proportion  of  phenol  dissolves  out, 
while  the  more  baeic  compound  remains  for  the  most  part  undiseolired. 

Monoazimh^ylamk Phcnaie,C'm'*^^0  *  Q*W'W,C^^O,orAjfodiphenylafnic  acid, 

H*        (O' — ^^  purify  this  compound,  the  alcoholic  solution  obtained  as  abore  is 

erapointed,  the  residue  is  treated  with  ammonia,  and  the  deep  jf*llow  solution  aiWr 
being  ftlt4;red,  is  decotnpoeed  with  hydrochloric  acid.  •  Ajtodiph^^nylamic  ucid  is  then 
precipitated  in  crystals  which  mar  be  further  purified  by  repeated  cryt<tiillisation  from 
weak  spirit.  It  is  almost  insolnlue  in  cold  wat^^  slightly  soluble  in  boiling  water,  from 
whidi  it  ci^Btallisefl  on  cooling  in  small  but  welf  formed  riiomblc  prisma  of  a  fine 
yellow  colour  with  a  tinge  of  yiolet.  From  alcohol  and  ether  (in  which  it  dissolves 
very  eaaily)  it  usually  crystallises  in  brittle  brownish-yellow  nodulcB.  It  melts  at 
148*^  to  a  Drown ish-y allow  oil  which  cannot  bo  volatili&od  without  decomposition,  but 
is  destroyed  at  a  higher  temperature,  with  formation  of  yellow  vapour. 

This  compound  possesses  slight  acid  properties,  and  forms  saline  compounds  with 
certain  meialB,  but  it  is  not  capable  of  decommsing  carbonates.  On  evaporating  its 
solution  with  aqueous  ammonia,  the  whole  of  the  ammonia  is  driven  off.  It  forms  a 
scarlet  precipitate  with  nitrate  of  silver. 

JHphenylamie  Phenate,  C»'H"N*0  -   2CH*N».C^«0,  or  AcotHphenylamie  acid, 

H*  Co ' — *^^^  oomponnd  may  be  obtained  pure  by  recrystallising  the  leas 

soluble  portion  of  the  reddish -brown  substance  above  mentioned,  once  or  twice  from 
strong  alcohol^  then  dissolving  it  in  ether,  and  leaving  the  solution  to  evaporate. 
Sometimes  however  it  is  contamiwitfld  with  traces  of  another  substance,  to  remove 
wbkh  it  muttt  be  dissolved  in  caustic  potash,  and  the  filtered  alkaline  solution  predpi- 
tated  by  hydrochloric  acid.  It  crystallises  in  brownish-red  needles  or  plates,  easily 
soluble  in  ether,  sparingly  in  cold  alcohol  aiid  in  hot  tmter.  It  melts  at  113^  and 
Vol.  IV,  F  F 
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decompoBes  at  a  highf^r  temperature  like  the  preceding  compound.  It  ia  nearly  nentnil 
but  diflsolves  easily  in  poUifh^  forming  a  ruby-red  solution,  with  difRenlty  in  aqueoiM 
ammonia^  and  not  at  all  in  aqu^us  carbonate  of  potaaw'nm.  It  is  likewise  ijisolnble  ia 
dUnte  acids,  but  disHolves  in  concentrated  acids,  forming  bk>od-red  solutions  whieh 
decompose  when  heated. 

Sulphate  oj  Aiophrnylamine,  C«H*N«.SH«0«.  This  salt  may  be  obtained  by 
the  action  of  nitrous  acid  on  sidphate  of  aniline  suspended  in  water,  or  more  cod- 
Teniently  by  treating  a  concentrated  aqueous  solution  of  the  nitrate  with  dilate  snlphniie 
acid,  mixing  the  resulting  solution  with  3  vol.  absolute  alcohol,  and  then  with  ether, 
which  causes  the  sulphate  of  azophenylamine,  together  with  some  water,  to  separata 
in  a  layer  at  the  bottom,  while  the  liberated  nitric  acid,  together  with  excess  of  snl^ 

Shuric  acid,  remains  mixed  with  the  supernatant  alcohol  and  ether.  This  latter  is 
ecanted,  the  solution  of  the  sulphate  once  more  treated  with  absolute  adcohol  and 
precipitated  by  ether,  and  the  precipitated  liquid  placed  in  flat  dishes  oyer  oil  of 
vitriol  It  then  solidifies  to  a  magma  of  crystals,  which  must  be  washed  on  a  filter 
with  a  mixture  of  alcohol  and  ether,  to  remove  any  traces  of  sulphuric  acid  and  phenol 
produced  bv  partial  decomposition  of  the  sulphati^  then  dissolTcd  in  cold  weak  aJeohd, 
precipitated  by  ether,  and  the  crystals  quickly  dried  over  oil  of  vitrioL 

Sulphate  of  azophenylamine  cirstallises  in  prisms,  which  dissolve  readily  in  water, 
with  difficulty  in  absolute  alcohol,  and  not  at  all  in  ether.  The  aqueona  and  alcoholic 
solutions  decompose,  with  evolution  of  gas,  on  boiline.  When  exposed  to  the  air,  tha 
salt  rapidly  absorbs  moisture,  becomes  liquid,  and  gradually  decomposes.  When 
heated  alone,  it  deflagrates  feebly  at  about  100^. 

Sulphate  of  azophenylamine  heated  with  concentrated  $nlphurie  addy  gives  off  ths 
whole  of  its  nitrogen  and  is  converted  into  disulphophenylenic  acid,  G*H^SK)*«> 
C«H«.2SH«0*  (see  Sulphubic  Ethkhs)  : 

C»H«N«.SH«0«     +     SHK)«       -       C»H«S«0«     +      N«. 

Compounds  of  AzopinsjnrLAJiiKa  with  Bases. — o.  With  Hydrate  of  Pvtasnum^ 
C*H^N'.KHO.  On  adding  a  very  concentrated  solution  of  nitrate  of  asophenylamine, 
drop  by  drop,  to  strong  aqueous  potash,  a  yellowish  liquid  is  obtained,  having  a 
peculiar  aromatic  odour  and  solidifying  by  evaporation  over  the  water-bath  to  a 
crystalline  mass,  which  is  a  mixture  of  the  compound  of  potassic  hydrate  and 
azophenylamine  with  nitrate  of  potassium,  and  a  brownish-red  body,  the  result  of  a 
secondary  reaction.  The  crystalline  mass  is  put  into  a  strong  lilien  cloth  and  well 
squeezed  l)etween  porous  stones,  to  remove  the  excess  of  potash  ;  the  dry  cake  is  then 
treated  with  absolute  alcohol,  which  readily  dissolves  the  compound  of  potassic  hydnts 
and  azophenylamine,  leaving  the  nitre  undissolved ;  the  alcoholic  filtrate  which  has  an 
intense  reddish-brown  colour  (due  to  the  above-mentioned  secondary  product)  \% 
evaporated  over  the  water-bath  ;  and  the  residue  is  once  more  pressed  and  washed  with 
a  mixture  of  alcohol  and  ether  to  remove  the  reddish-brown  substance.  By  again  prcM- 
ing  the  nearly  white  cake  thus  obtained,  dissolving  it  in  a  small  quantity  of  absuhita 
alcohol,  filtering,  and  adding  a  sufficient  amount  of  ether,  the  compound  is  precipitated 
in  small  white  crystals  which  must  be  immediately  dried  over  oil  of  vitrioL 

It  crystallises  in  small  white  soft  plates,  becomes  reddish  by  exposure  to  the  air,  is 
easily  soluble  in  vmttr  and  in  alcohol^  insoluble  in  ether.  The  solutions  hare  a  strong 
alkaline  reaction.  The  freshly  prepared  aqueous  solution  is  but  slightly  ooloui«d;  but 
by  keeping  for  a  short  time  it  acquires  a  yellow  colour,  and  ultimately  deposits  a 
reddish-yellow  substance.  The  decomposition  does  not  appear  to  be  much  accelerated 
by  boiling.  The  dry  substance  is  very  stable.  AVhen  he^^  alone  it  explodes  with 
a  slight  report  at  a  Httle  above  130^. 

$.  With  Hydrate  of  Silver,  C«H«N*  AgHO.  Obtained  as  a  white  or  edightly  choeo- 
late-coloured  precipitate  by  heating  a  freshly-prepared  solution  of  the  potaaaiom 
compound  with  nitrate  of  silver.  After  removing  the  mother-Uquor,  the  preetpitats 
is  thoroughly  washed  with  water,  dried  by  pressing  between  filter-paper,  and  rff^lly 
over  oil  of  vitriol  It  is  insoluble  in  all  the  ordinary  neutral  solvents.  Nitric  ad^ 
even  when  cold,  dissolves  it  with  great  facility.  It  is  remarkably  stable,  not  exhibitii^ 
the  slightest  sign  of  decomposition  even  after  being  kept  for  weeks.  It  explodfis 
with  some  violence  when  heated. 

r  With  Hydrate  of  Barium.  Precipitated  by  adding  the  solution  of  a  very  soluble 
barium-salt  to  a  modemtcly  concentrated  solution  of  the  potassium-compound,  in 
white,  microscopic,  indistinct  neodles  or  plates,  which  become  yellowish  from  gndual 
decomposition.     It  is  sparingly  soluble  in  water. 

«.  The  compound  of  azophenylamine  with  hydrate  of  zinc  is  a  white  amorphoni 
powder,  insoluble  in  wator.  The  kadcompound  is  also  a  white  powder,  but  quiddy 
I  urns  yellow  Witli  mpric  sidphate  a  brown  precipiUte  changing  to  green  is  obtained 
Mercuric  chloride  gives  no  precipitate. 
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Cotirorims  of  AxortntmruLMixm  utth  othcb  Orgajtic  B^shs. — A^ophenyUminA, 
•J  ftlrv>ftciy  obfteiTpd  (p,  4S2),  unitn  with  aniline,  bromtiniliiK*.  and  niiphthyUmiiie, 
fbrming  compounds  which  hare  the  <v>ni*titutiou  '.f  thr-iivldiajninea,  and  will  be 
dMcribed  under  that  head  (p,  4^9). 


2,  Bromo'phiny  ia  m  iHf  s. 


C*H<Br> 


I 


Moiiobromaplteiiylamliie  or  BromBDUlne,  C^H^BrK   -^Qt^'[^«    (Hof- 

mann.  Ann.  Ch.  Pharm,  liii.  42.— E,  J.  Milli,  Proc.  Roy.  Soc  x.  589.— Gries^ 
PhU.  Tranit.  1^4  [3],  713*^^Df  thia  bate  thei«  are  two  iaomeric  modificatioEii)^  a  and 
$,  esai'tlr  resembling  onu  auother  in  their  chemical  deportment,  but  distio^niithed  by 
CBitnin  physical  propertiee,  both  in  the  free  state  and  in  eombination  with  acids. 

Alpha-bromaniline  is  prepared:  1.  By  healing  bromiaatiii  with  poUflh,  Jail  aa 
anilinf^  itself  ia  obtained  from  iaatin  (p.  420): 

C«H*BrKO»  4  4KH0  -  C-H-BrN  +  2K'C0«  +  H« 
The  diatiUation  is  continued  till  the  residue  is  nearly  dry,  and  gi res  off  a  brown  oil 
which  DO  longer  aolidifies.  The  oily  drop*  which  paaaed  over  at  Uie  beginning  of  the 
diatillatioo  and  bnve  aolidified  in  the  crystalline  form,  are  then  waahed  on  a  filter  with 
water  and  reezystallised  from  boiline  alcohol  (Hafmann). — ^2.  By  distilling  dibromo* 
pbenylaeekamiae  (p.  418)  vithpotasa  (MillsX — ^*  ^^  ^^^  action  of  niiacent  hydro- 
gen (generated  by  the  action  of  stno  uid  aulphurio  acid)  on  an  alcoholic  solution  of 
azobromophenylene-diamine : 

When  the  addition  of  water  no  longer  forms  a  precipitate,  tho  brom&niline  may  be 
aeptiratrd  by  evaporating  the  alcoholic  solution  over  a  w:iter-bath,  and  di^illing  with 
potush  (Oriess). — 4.  "Bj  the  action  of  sulphide  of  ammonium  on  ^*bromonitro- 
bensene  (p.  416). 

0-Bromantline  is  obtained  by  th«  action  of  sulphide  of  ammonium  on  a-bromo- 
nitrobenzene  (p.  416)* 

Pn^prrtim. — Alpha- bromanill&e  crystallises  in  colQurlesa»  regular  octahedrons,  ex- 
actly like  chloraniiioe  (Hofmann) ;  \h»X  prepared  from  phenylacetamide  sometimes 
crystalliBpa  in  ne«dles  (Mil la);  always  in  octahedrons  ^GrieaH).  It  melts  at  50'^ 
(hofmann);  57^(Griesa);  and  soUdiflei  again  al  46°  (Hofmann).  In  od^jiir 
and  tMSte  it  resembles  chloruniline. 

3^bromnniline  is  itn  oil  which  does  not  solidiff  eren  in  winter.     (Griess*) 

Bromiiniline  (both  rurieties)  is  easily  redut.*«d  to  uniline  by  potai&ium-amalffam. 
With  excess  of  bromidtf  of  ethyl,  it  is  quickly  converted  into  hydrobromate  of  ethyl- 
bromaniline,  C'H^'BrN^HCL  Its  aqaeons  solution  imparts  a  violet  colour  to  aqueous 
chhride  o/litw,  weaker  than  that  produced  by  aniline,  but  etronger  thau  that  produced 
hy  chloraniline.  Its  salts  colour  chloride  of  lime  red-brown  and  firwood  yellow.  Brora- 
aniline  dissolves  readily  in  tuijthide  €ff  carbon. 

NjfdrockluraU  qf  o^hroiHaniline^  C'H'BrN.HG,  ezystallises  from  boiling  wat^  in 
nacreoua  radiated  fibres^  but  by  emporution  over  oil  of  ritriol^  in  wdl-defiaed  mono* 
clinic  prifeinxs  (Hofmann).  Hydrochlorate  of  ^-b^omaniUne  forms  white  nacreous 
brilliant  plates,  which  are  readily  soluble  in  water  and  alcohol,  and  quickly  turn  red 
when  tsposed  to  the  air.    (Griess.) 

Tk^ekloroidttiintiU  of  a^bromanitint,  2C*H*BrN;fl«Cl',Pf 'Cl\  precipitated  on  mixing 
hydrochlorate  of  o-bromiOiiline  with  platinic  chloride,  closely  resembles  the  corres- 
ponding compound  of  chlonuuMne  (Hofmann).  Thi^  corresponding  salt  of  fi-brom" 
aniline  crystallises  in  yellow,  often  well- formed  prisms,  much  more  soluble  than  tho 
slender  hiffhly-lustJOtiA  plates  of  the  a-salt.    ( G  r  i  e  s  s. ) 

Thf  (o-flZa^^  2C*H*BrN.C*H'0*,  precipitttt^d  firom  alcoholic  o^bromaniline  by  aqueous 
oxalic  acidf  and  cr^utidlisod  from  boiling  water*  forms  indistinct  crystals^  sparingly 
soluble  in  water  ana  uloohot 

nibromoittoeiiylMiilne  or  Plbroroftnllloe,  C*H*Br^  "  H'  C  ^'  (Hof- 
mann, Ann.  Ch.  Pharm.  liii.  47. — Griess,  ^id.  cxzL  257.) — Prepansd:  1.  B^ 
distilling  dibromisiitin  with  caastic  potash,  washing  the  distilled  and  czystaUiB«d  oil 
with  wuter,  and  cry»tiillisiog  from  boiling  alcohol  (Hofmann).^2.  By  adding  brO" 
mine  to  phenyUcetiimide  suspended  in  water,  till  it  is  converted  into  a  reddish  resin* 
oua  mass,  consisting  mainly  of  dibromophc-uylacetamide  (C*H'Br*)(C*H*0)HN,  and 
subjecting  this  product  to  distiMation  with  potash.  Bibromaniline  then  parses  over 
in  oily  drops  which  solidify  to  white  needles.  On  dissolving  this  product  in  warm 
nodemtely  strong  hydrochloric  acid,  any  tribromaniline  that  muy  be  present  lemAius 

F#2 
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frndiMoWad,  and  on  eraporating  the  hydrochloric  acid  solntion  to  dryneas,  and  treaHog 
the  residue  with  hot  wat«r,  dibromanUine  alone  remains  ondiMolred,  while  tneet  of 
hydrochloTste  of  monobromaniline  are  taken  up  bj  the  water.     (Or i  ess.) 

Large,  flat,  somewhat  rhombic  prisms,  mating  between  60®  and  60^  to  a  dark- 
coloured  oil,  which  often  remains  liquid  long  after  cooling  bat  then  eiTstallises 
suddenly  on  agitation  (Hofmann).  CrystalliseB  from  alo^ol  in  needlea  or  kag 
laminsB,  which  melt  at  79-6°.  (Griess.)  ^  ^ 

Dibromaniline  dissolves  sparingly  in  wtUer,  forming  a  liquid  whidi  beeomea  tnind 
on  cooling  and  gradually  deposits  slender  needles  ;  it  is  soluble  in  aleoMoL  It  is  a 
very  weak  base ;  its  solution  in  acids  colours  firwood  yellow ;  it  ia  precipitated  by 
alkalis.  It  forms  ciystallisable  salts,  which  however  are  less  stable  than  those  of 
bromaniline. 

The  solution  of  dibromaniline  in  boiling  hydrochloric  acid,  yields  on  cooling,  lamios 
containing  18*31  per  cent  hydrochloric  acid;  when  they  are  dissolved  in  water,  put 
of  the  ba«e  separates  in  thin  oily  drops ;  and  the  solution  eraporated  under  a  bell-jar 
over  lime,  which  abstracts  the  greater  part  of  the  hydrochloric  acid,  deposits  nearly 
pure  crystalline  dibromaniline  (Hofmann).  The  hydrochloric  add  aolntion  forms  a 
crystalline  orange-yellow  precipitate  with  platinic  chloride.  The  hydrocklor€UejC^*B^S, 
crystallises  in  tufts  resembling  palm-branches ;  the  easily  decomposible  piati$mm-Mdit 
2C«H»Br»N.H«Cl«.R»'a\  in  yellow  prisms.    (Griess.) 

THbromoplieiijlsmlii#  or  THbromaalllBa.     C*H<Br*N     -*     ^^      JK. 

fFritzsche,  J.  ^r.  Chem.  xxriii.  204. — Hofmann,  Ann,  Ch.  Pharm.  liii.  60.)— 
Bromanildid  (Frit  zee  he). — Preparation,  1.  Dry  bromine  is  mixed  with  aniline  in 
such  proportion  that  the  mixture  solidifies  completely  after  a  while  in  the  crystalline 
form,  after  which  alcohol  is  added,  and  also  more  bromine  till  its  odoor  becomes  per* 
manent  The  greenish-grey  crystalline  magma  of  tolerably  pure  tribromaniline  is  toen 
separated  by  filtration  from  the  greenish-yellow  alcoholic  liquid,  which  contains  hydro- 
bromic  acid  and  the  decomposition-products  of  the  alcohol,  and  depoaits  more  tribro- 
maniline when  mixed  with  water;  after  which  it  is  washed  on  the  filter  with  alcohol 
and  dissolved  in  hot  alcohol:  the  solution  thus  obtained  yields  nearly  colourless 
oystals  (Fritzsche). — 2.  The  aqueous  solution  of  an  aniline-salt  is  mixed  with 
aqueous  bromine,  which  disappears  and  produces  a  white  turbiditv  and  precipitation 
of  microecopio*needIe8,  the  addition  of  bromine  being  continued  till  the  precipitation 
ceases  and  a  slight  odour  of  bromine  remains ;  the  precipitated  powder,  which  has  a 
reddish  tint  arising  from  a  decomposition-product,  is  collected,  and  freed  from  this 
impurity  by  distilktion  in  a  small  retort ;  and  the  distillate,  which  aolidifies  in  a 
crvstalline  mass,  is  recrystallised  from  boiling  alcohol  (Fritzsche^ — 3.  An  aqueous 
solution  of  h^drochlorate  of  bromaniline  is  mixed  with  aqueous  brominey  and  the  violet- 
white  precipitate  is  distilled  with  water,  whereby  snow-white  crystala  are  obtained  at 
first,  but  afterwards  violet  crystals  which  cannot  be  decolorised  bj  recrystalliaation 
from  alcohol.    (H  o f  m a n  n. ) 

Properties, — Tribromaniline  crystallised  from  hot  alcohol  fmnna  colonrleaa,  ahinin^ 
long,  slender  needles ;  but  when  solidified  after  fusion,  it  is  of  a  crystalline  textaz«^ 
brittle  and  easily  pulverised.  Melts  at  117°  to  a  clear  liquid;  boila  at  about  dOQP; 
distils  over  unchanged  (Fritzsche),  and  sublimes  in  radiating  crystals  having  a  silky 
lustre  (Hofmann).  It  is  insoluble  in  water;  sparinglv  soluble  in  cold,  easily  in 
boiling  alcohol  and  ether.  It  is  not  basic,  and  does  not  dissolve  either  in  dilute  adds 
or  in  alkalis.  Strong  boiling  nitric  acid  decomposes  it  Warm  strong  mlpkttrie  aai 
dissolves  it  without  decomp<Mition,  acquiring  a  purple  colour  firom  decompoaitioa 
only  when  heated  nearly  to  the  boiling  point  Strong  potash4ey  has  no  action  on  it» 
even  at  the  boiling  heat 

AAObromopbaiiylainiiie  or  Diazobromohenzene,  C*H"!BrN«  --  ^^^^*^^S[^^y{K. 

(Griess,  Proc.  Boy.  Soc.  1864  [3]  695.)— The  nitrate  of  this  base  ia  piodnced  by  ths 
action  of  nitrous  acid  on  an  at^uoous  solution  of  nitrate  of  bronumiline  or  an  ethensl 
solution  of  azobromodiphenyl-diamine,  just  in  the  same  manner  aa  aaopheny lamina  is 
prepared  from  nitrate  of  aniline  or  from  azodiphenvldiamine  (p.  429).  In  the  fbiEmer 
case  the  nitrous  add  gas  must  be  |>as8ed  very  rapidlv  at  first ;  otherwiae  acobromodi- 
phenyldiamine  will  be  formed,  which  is  very  difficult  to  convert  into  nitrate  of  aK>- 
bromophenyUmine  in  an  aqueous  solution.  The  product  obtained  bj  either  pioeesi 
may  be  punfied  by  repeated  solution  in  alcohol  and  predpitation  with  ethera. 

The  concentrated  aqueous  solution  of  the  nitrate  treated  with  strong  canstie  poCadi, 
yields  the  compound  OH«BrN*.KH0,  from  which  the  azobromophenylamins 
may  be  separated  by  dilute  acetic  add  in  slender  bright  yellow  needlea.  It  may  also 
be  obtained  as  a  bright  yellow  amorphous  predpitate  by  adding  potash  to  the  aqneooi 
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•olutioo  ol  tiie  nitrttte.  In  either  case  it  mnR  b«  t^aicldy  removed  from  the  mother- 
liquor  Bull  dried  orcr  oil  of  vitrioL 

Ajobiomophienyl&iiiine  is  a  rery  dftDgeronB  ooi]i|K>und,  the  fllightest  prenuro  or  •▼en 
eoDtact  with  &  rough  obiect  causing  it  to  go  off  m  a  fiery  <>zplosion,  eqaaUing,  if  not 
ezeeMing  ia  riolence  f  hut  of  axophenyhnnine.  It  ia  much  more  stable  at  ordin&rv 
tempi^nitixrefl  thaJi  aaQpheDjhiiaiD«^ ;  neTertfaaleaa  it  does  not  loner  remain  uochangeo, 
and  after  bnng  kept  for  Bome  time,  leasee  a  nddish^hrowD  nri^iani?  which  no  longer 
explodea  eren  when  heated,  and  appean  to  have  loit  all  its  nitrogen.  Ether  diiaolvea 
asobromophenylamioe  with  evolatioa  of  gaa^  fk^uentlj  riolent  puough  to  cauM  explo* 
■ion.  Axobromophenylaxoine  when  recently  prepmed  disaolres  in  potash  and  in 
mn^ral  acids. 

Bktm  or  AiovuouorBXitrLAXisnu  Tbete  Balte  may  be  fiomied  by  direct  comblna* 
tion  of  the  base  with  acids,  but  more  conveniently  by  methods  eimiliir  to  those  aljr«tdy 
dasdibrd  for  the  prepandoa  of  salts  of  azophony lamina. 

The  h^drobromate,  C*Il'BrN'.HBr,  is  obtained  by  decomposing  a  solution  of  rhu 
fiolphatc  with  bromide  of  barium,  or  by  the  action  of  an  ethereal  solution  of  bromine  on 
an  (thereal  solution  of  azobnjmodiphenyldiumine: 

Br*     -     t^H'BrN».HBr  ^    C'H^Br^   +    HBr. 
tljriir€»brtHra«l«  of       Tribromuiihuc . 
tAi"hromoph9ny\* 


C'»H-Br*N>   + 

Aiobrom  odi  phefl  J  U 
dlamloe. 


It  forms  white  shining  scales,  Tery  soluble  in  water,  less  soluble  in  alcohol,  insolnble 
in  Hhi-r.  In  the  dry  state  it  may  be  kept  for  a  long  time  without  decomposition. 
Whan  beat«d,  it  explodes  almost  as  violently  as  th<»  nitrate.  Ifn  flqu(>ous  solution 
ttMled  with  moi^t  chloride  of  silver  yields  the  hydixx^  hi  orate. 

The b  fomoofa linofr, 2iC*H"BrN*.If Br)Pt'*Br*, is abtaitie*! by preeipitat ion  in  ruby- 
red  crystals;  when  heated  with  earbonate  of  sodium,  it  splits  up  iw  shown  by  the  equation: 

atOH'BrmHBrkPtBr*     =     2(>H*Br»   +   Br«   +   N*   +   Pt. 

BrumoplaiiDAte.  Hlbtomo- 

liens«nei 

Prrhromide  of  Asobromophtnylammonium,  C*H*BrN'.Br*,  is  obtained,  by 
treating  the  hydrobromate,  nitrate,  or  enlphate  with  excess  of  bromine- water,  as  an 
orange^oloured  crystalline  precipitate;  sometimes  also  in  the  preparation  of  the 
hydrobroroate  from  oxobromodipbenyldiamine,  in  which  case  the  nydrubromate  may 
be  dlseoWed  nut  from  it  by  washing  with  cold  water, 

The  perbromide  crystallises  from  solution  in  a  small  quAjjtity  of  cold  alcohol  in 
orange -coloured  monoclinic  prisms,  insoluble  in  water,  freely  soluble  in  warm,  sparingly 
in  cold  alcohol,  very  sparingly  in  cold  ethar.  When  heated  atone  or  with  carbonate 
of  sodium  it  is  reeolred  into  dibromobenaeiMi»  bromine  and  nitrogen : 

([^^H'BrX'.Br*     *     C?TI*Bt*   +   Br*  +   W. 
It  is  abo  conTcrted  into  dibromobenzene  by  boiling  ita  alcoholic  solution.      With 
aqueous  <imm<>nrVi  it  yields  asEobromophenylene-diamine,  ^       ^  „{  |N*. 
C-H'BrN'.Br*  +   4NH"     -     C*H*BrN*   +   3NH*Br. 

In  like  manner  with  ethylamine,  phenylaminef  &c,  it  yields  ethyl-  and  phenyl* 
asobromo-phenylene-diamine,  Ac. 

Hydroehlorate  of  Asobromophtnylnmint^  OH'BrN* HCl,  is  obtained  by 
deoomposinfi  the  aqueous  hydrobromate  with  moist  chloride  of  silver.  The  chloro- 
auraif,  C*iI*BrNMlClAuClVis  precipitated  by  auric  chloride  from  the  aqueous  nitraie 
as  a  T^llowioil  which  soon  solidifies  to  a  crystalline  moss.  It  is  insoluble  in  water» 
but  diasolrea  in  warm  alcohol^  crystallising  therefrom  in  small  golden-yellow  shining 
platea.  It  is  decomposed  by  sulphTdric  acid  in  the  same  manner  as  the  gold-salt  of 
aBophenylamiiie  (p.  430),  The  ci/orop/n /i« a^*^,  2(C^<BrN*.HCl)Pt>'Cl\  ia  pre- 
cipitated by  plutinic  chloride  from  the  nitrate  or  sulphate^  in  small  yellow  ciystala 
which  appear  under  the  microscope  as  fractured  plates  and  are  almost  insoluble  in  any 
nentml  solvent.  They  are  stable  at  100*^.  Heated  with  carbonate  of  sodium  it  yield* 
chlorobromobeuEene  according  to  the  equation  : 

2(C^*BrN'.Ha).Pta*     -     2C*H*BrCl   +   Pt  +  O*  +  N*. 

mtraU,  C'H*BrN«.NHO*.— Prepared  as  above  described  (p,  436).  (>yatBllM«t  m 
pure  white  scales  or  re^kr  rhombic  plates,  rm  soluble  in  water,  sparingly  soluble 
in  strong  alcohol,  almost  insoluble  in  ether.  It  e(X|ilodet  when  hsated,  strudc,  or  preased^ 
but  not  so  violently  as  nitrate  of  ajsophenyLamne*  ^  When  boiled  with  tMttr  it  ia 
ti-^lved  into  bromophenic  acid,  nitric  acid,  and  frpo  nitrogsii : 

cni'BrN»,NHO>     >     H=0       -       C*H*BrO     +     KHO*     ^     N*, 
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Boiled  with  aleokol,  it  yielda  bromobenzene  and  probaUj  laomodiiiitfoplMiiie  add: 

2((>H«BrN*.NH0»)     +     C«H«0       -       OH»Br    +    (?H«Br(NO*)PO     +     OTH«0 
Mltrateor  Asobromo-  Alcohol.  BronaobenMiie.       BrooodinitropiMnie  AMifefde. 

pbenyhunine.  acid. 

+     HK)      +     V\ 

With  ammonia,  it  forms  azodibromodiphenyldiamine,  together  "with  a  jellow  hodji 

2C«HrBrN«     +     NH«       -       C'«H»Br«N»     +      N«. 
The  same  compound  is  formed  on  adding  a  concentrated  aqneouB  eolation  of  the 
to  an  alcoholic  solution  of  bromaniline : 

C«H«BrN«     +     OH'BrN       =-       C»«H»Br«N»; 
With  aniline,  the  nitrate  yields  azobromodiphenjrldiamine : 

C«H»BrN«.NHO»     +     2C«H'N       -       C'»H'»BrN«     +      C^'N.NHO". 
identical,  or  at  least  isomeric,  with  the  product  obtained  by  the  action  of  bwmumtlfne 
on  nitrate  of  azophenylamine  (p.  432). 

The  aqueous  solution  of  the  nitrate  mixed  with  oxybtngamic  acid  yields  azobromo- 
phenyl-oxybenzamic  acid,  C*'H'*BrN'0*,  which  crystallises  from  et^er  in  small 
roundish  lumps  of  small  needles  or  plates,  and  in  every  other  respect  is  similar  to 
azophenyl-oxybonzamic  acid  (p.  433). 

Sulphate  of  Azobromophenylamine,  C^"BrN^SH*0*,  obtained  by  the  action 
of  sulphuric  acid  on  the  nitrate,  crystallises  in  very  fln^^  colourless  prisma,  Terj  sokible 
in  water,  sparingly  soluble  in  sloohol,  almost  insoluble  in  ether.  It  is  compaiatiTely 
stable,  and  may  be  rccrystallised  from  water,  without  the  slightest  decomposition,  by 
evaporation  over  oil  of  vitriol.  It  explodes  by  heat  and  is  decomposed  by  boiling  water. 
When  heated  with  sulphuric  acid,  it  is  converted  into  a  sulpho-acid,  probably  disul- 
phobromophenylenic  acid,  C«H»Br.2SH«0*. 

Compounds  of  Azobromophbntlamixb  with  ^Ietallic  Htdrjltbs. — The  potasfiMm" 
compound,  C'H'BrN'.KHO,  is  prepared  and  purified  exactly  like  the  coireeponding 
compound  of  azophenylamine,  from  which  it  differs  in  being  precipitated  from  its 
alcoholic  solution  by  ether  as  a  white  gelatinous  mass,  and  not  in  crystals^ 

The  nlver-salt,  C*H*BrN'.AgHO,  is  an  almost  insoluble  precipitate^  Tery  similar  to 
the  corresponding  compound  of  azophenylamine  (p.  433). 

iLxodibromoplienyUunlne  or  Diagodibroniobensene^  OH'Br'K*.  (Griess,  Phil. 
Trans.  1864  [3]  704). — The  nitrate  of  this  base  is  obtained  by  passing  a  rapid  current 
of  nitrous  acid  into  aqueous  nitrate  of  dibromaniline  containing  free  nitric  acid,  then 
leaving  the  solution  to  evaporate  spontaneously,  dissolving  the  residue  in  weak  alcohol, 
and  precipitating  with  ether.  It  can  be  recrystallised  from  water  or  alcohol  by 
evaporation  below  the  boiling  points  of  the  respective  solutions.  The  aqaeons  solution 
is  remarkably  stable,  not  being  completely  decomposed  even  by  several  hoars  boiling. 
The  salt  crystallises  in  fine  white  needles  or  elongated  hexagonal  plates.  It  does  not 
detonate  so  violently  as  the  nitrates  of  azophenylamine  and  azobromophenylamine. 

The  perhromide,  C"H*Br'N*.Br*,  produced  by  adding  bromine>water  to  the  aqufoiu 
nitrate,  is  precipitated  in  long  slender  needles.  By  boiling  with  alcohol,  it  yields 
tribromobenzene,    OH"Br*.      Aqueous    ammonia    converts  it   into    azodibromo- 

(C-HN'")") 
phenylene-diamino,  C«H»Br=N"  «       Br»       >N«. 

H»        3 

Thechloroplatinate,  2(OH«Br»N«.Ha)Pt"^Cl\  separates  on  adding  platinic  chloride 
to  the  hydrochlorate,  in  small  orange-coloured  oval  plates,  sparingly  soluble  in  water. 

3.  Chlorophenylamines, 
BBoBOObloroplieBylamlBe,  or  ClUoraiilllne,  C^*CIN     =     ^^*^f  N.— Of 

this  base  there  are  also  two  modifications,  analogous  to  o-  and  /S-bromaniline,  <:xhibiting 
corresponding  differences  of  physical  properties  and  produced  by  analogous  reactions. 
The  first  was  discovered  by  Hofmann  (Ann.  Ch.  Pharm.  liii.  1);  the  second  bv 
Griess  (Phil.  Trans.  1864  [3]  713). 

Preparation  of  a-chloranifine. — 1.  Chlorisatin  is  distilled  with  potash-ley  or  hydrate 
of  potassium,  till  the  residue  has  become  solid,  gives  off  ammonia  together  with  the 
>ydrogen,  and  yields  a  blue  sublimate  and  a  brown  oil  which  no  longer  solidifies  on 
cooling.  The  solidified  oil  whicli  first  passed  over  is  then  coUtxrted  on  a  filter,  freed  from 
ammonia  by  water,  and  crystallised  from  boiling  alcohol  (Hofmann). — 2.  Chloio- 
phenylacetamide.  (O'H*ClXCH»0)HN  (obtained  by  the  action  of  chlorine  on  phenyl- 
acetamide),  yields  by  distillation  with  potash,  a  large  quantity  of  chloraniline  (Mills). 
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8.  By  tb«  MiioD  of  tulpfaide  of  ftnimoniam  on  0-mtrudibrobt'iize-ii<t  ( p.  4 Id)  (0  r t  e  b  h), 
.>0«cmonimli&c  is  obtained  by  the  action  of  tnilpliid«  of  ummouiam  on  a-aitrochloro* 

Pr9ptrtk». — Aiphii-chlonuiiliae  eryfltadliAes  in  oetaliedrons  bavtog  a  dmmotitl  liistrp, 
li«ttTi0r  than  wiUi»r,  meltiDg  becveen  64*^  ftnd  65^,  into  a  yellow  oil  which  i«ohdiii<^8  nt 
67**  in  Iftfg©  octubediona.  It  i?Taporate«  eren  at  ordinnry  tpm^mtui^s,  so  that 
liydroehloric  acid  htdd  over  it  produces  funi<*9;  maybe  enaily  distilled  with  wat^r ; 
boils  by  itself  at  a  temperaturo  aboTi*  200*^,  and  with  aonus  decomposition,  so  thiit, 

rher  witb  the  oil*  the  aboTe-meotio»ed  blue  product  pduaea  otot.  It  has  an  agrve* 
Tiooas  o<]our  uud  an  aiomatic  burning  taste  tike  that  o{  aniline ;  doe*  not  act 
upon  red  litmus  or  turmenc,  but  turns  ddhliu  dawens  grl*en.'^^-chlocaniiina  is  an  oil 
wiiieh  TOmnins  liquid  at  common  tt>mpfra turf's. 

Chtorsuiline  (aorjS)  difsolrev  sparingl?  iu  wuter,  thet^^iling  sulution  l>c^^omlng  milky 
and  depositing  octahrdral  crj'stals  in  co^nling  ;  soluble  in  u^jtHi-tmrU,  in  uicohol  {Tx^^Aily 
wb<*n  not),  in  rthef  (which  abstmcts  it  from  the  ft4ueouii  solution),  in  acetone,  and 
easily  in  Butphidc  of  carbon;  also  in  oih,  bc/th  fixed  ami  voUlile.  The  hot  satorHtcd 
aqueous  solution  mixed  with  tincturt^  of  gtilla  furms  yellow  flakfs  on  cooling. 

DtcQmp^itionM, — ^1.  Chloranilino  bums  with  a  bright,  strongly  fuligiootu^  Hamr, 
haring  &  bright  men  border. — 2.  Chlorine  together  with  water,  converts  chlomnilice, 
partly  into  trichloraniline^  partly  into  trichlorophenic  acid : 

C-H*CL\      +     CI*       -       C'lrcra      +      2HCI; 
and: 

cn*ciN    >    a*  +    w<y    -     cTpa>o    +    hci    +    NH-a. 

3.  Bromifir,  either  anhydrous  or  hydrated,  deeooipoaea  chloraniline,  with  great  cvolu* 
tioo  of  hr'at,  forming  dibromoddoraniline  and  hyoi^bromic  acid : 

CyH*ClN     4-     Br*       =       CH'Br^lN      +      2lIBr. 

i.  Heated  with  strong wi^friV  acid,  it  begina  to  lx>il  and  continues  boi  ling  even  after  removal 
from  the  fbre ;  giTMi  off  nitrooa  acid  ;  and  yi«'ldB,  flr»t.  a  dark  red,  then  a  black  opuquo 
liquid^  and  afterwards,  as  the  heating  la  continued,  a  cIpst  scnrbtt  solution,  which  does 
not  precipitate  nitrate  of  silver,  and  on  cooling,  yield,  s<jmctime«  gohlen  yellow  needles 
rea^bling  picric  acid,  and  probably  comsisting  of  dinitrochlorophenic  i*cid  C*HVNO*j* 
CIO,  pometimrs  a  reatn,  which  is  precipitated  by  water  in  yellow  dakL«,  aud  diiSKjlves 
with  deep  yellow  colour  in  alkalis,  alcohol  aud  ether;  the  ^iolulioo  of  this  re<iin  in 
alkalis  ifi  precipitated  by  iicids,  and  its  ammoniacal  Kolution,  when  freed  from  exce«M  of 
ammonia  oy  builing.  precipitatee  silver'aolulion  reddish -yellow,  MmetirnesalMj  in  yellow 
eryetaJline  Hpungles.— 6.  The  aqueous  solution  of  ehloraniline  acquires  a  very  faitit 
violtft  tint  when  treated  with  chloride  of  lime,— ti.  With  chhrate  qf  potassinm  nud 
hifdrochlorie  acid,  ehlcraniline  forms  a  Tiolet-red^  then  a  turbid  brown,  and  ultimately 
a  colourless  liquid^  which  at  fiivt  deposits  crystalline  perchloroquinono,  together  with 
tri-  and  penta-chioropheDic  acid  in  tho*  form  of  a  brown  riscid  subetance  soluble  in 
alcohol,  but  after  decokiration  oontains  nothing  but  perchloroquinone  and  sal-ammoniHc : 
the  same  reaction  therefore  as  with  aniline : 

C-H^CIN     4^     CI*     +     H*0       -       C*11»C1'0     +     NH*CI     +       HCI; 

Trichlorotlitenilr 
add. 
further: 

C^'CIM     +     Cl»     f     H*0       - 


C«HCI*0       ^ 
FtnUchloropKrnlo 


nhh:i 


3HC1; 


l! 

c^*cm   +    ci-   ^ 


o» 


NH*a 


2HCI. 


C«CI«0* 

Ftrctttor«M|ulaone, 

7.  The  crystds,  immersed  in  aqueous  chromic  acid,  turn  brown  and  become  reslnlsed : 
the  dry  mixture  takes  Are  at  the  melting  point  of  cHorsniline.— 8,  Aqueoiw  chloiani 
line  imparts  to/err^  9<ttt«  a  green  colour  by  d^^xidation,  and  on  boiling,  deposits  a 
blackinh- violet  product  soluble  in  alcohol.— 9,  When  ibe  vapour  is  passed  oTer  time  at 
a  low  red  heat,  aniline  and  ammonia  past  over,  a  large  qunntity  of  charcoal  is  separated, 
and  chloride  of  calcium  is  formed; 


C«H'N 


(J* 


Caa* 


NH» 


H»0. 


2C*H«aN     +     0:40 

10.  Melted  potajtsium  immeraed  in  the  Tapour  of  chlomniline,  forms  chloride  and 
cyanide  of  potasflium,  with  vjrid  incandescence  and  separation  of  a  birce  quantity  of 
charcoal.  On  the  other  hand,  potassium-amaigam,  with  water,  rednces  chlomnilins  to 
aniHnp.    (Hofmiinn,  Ann.  Ch.  Pharm.  Ixvii,  7<i.) 

ITiloruniline  is  not  80  alrong  ft  base  iis  jinilinc;   it  does  not  precipitate  sulphate  of 
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aluminium  or  ferrous,  ferric,  or  zinc  salts ;  it  expels  ammoiiia  horn  ; 
when  heated  with  them,  but  is  itself  precipitated  by  ammonia  ftcmi  its 
acid  solution,  and  neutralises  acids  but  imperfectly.   Its  salts  mosflj  oryiti 
and,  in  consequence  of  their  sparing  solubility,  are  generally  predpitBtod  an  ]  ^ 

acid  with  alconolic  chloraniline,  in  the  form  of  a  crystalline  pulp,  i^ich  may  be  puiiad 
by  recrystallisation  from  boiling  water  or  alcohoL  They  are  meetly  ooloiiziMS  or 
yellowish  in  mass,  and  violet  when  they  contain  excess  of  acid ;  they  redden  Htonif 
even  when  completely  saturated  with  the  base.  Like  the  aniline-ealta,  th^  impeit  a 
doep  yellow  colour  to  firwood  and  elder-pith,  but  with  chloride  of  lime  they  eMoaM 
only  a  very  faint  violet  tint,  changing  afterwards  to  orange-yellow.  Thej  aze  imm^ 
diatel^  decomposed  by  alkalis ;  aUo  by  alkaline  carbonates^  with  erolution  of  eaxboiiie 
acid,  inasmuch  as  that  acid  does  not  combine  with  chloraniline. 

HydrochloraU  of  Chloraniline,  C*H«C1N.HC1.— Hydrochloric  acid  satnnited  at  a 
boiling  heat  with  chloraniline,  yields  on  cooling  large  crystals,  which  maj  be^  itiU 
farther  developed  by  slow  evaporation  of  their  aqueous  solution  over  oil  of  TitriaL 
They  have  the  same  form  as  hydrochlorate  of  bromaniline.  They  are  pennaDSBt 
in  the  air,  become  opaque  when  warmed,  and  sublime  undecemposed  when  eaotioaalT 
raised  to  a  higher  temperature,  whereas  sudden  heating  decomposea  them,  with 
formation  of  a  violet  vapour.  The  chloroplatinaU  of  a-chloraniline,  2C*fl*ClN.H'CP. 
Pt'^'CP,  separates  on  mixing  a  cold  solution  of  the  hydrochlorate  with  platinic  chlcnidc^ 
as  a  beautiful  orange-coloure<l  precipitate,  and  a  hot  mixture  of  the  two  aalta  wolidiflf 
on  cooling  to  a  pulp  of  crystalline  laminae ;  the  salt,  when  exposed  to  lights  beoomea 
covered  with  a  violet  film.     (Hofmann.) 

ChloroplatinaU  of  Chloraniline  forms  yellow  crystals  di£fering  conaidetaUy  in  form 
and  solubility  from  those  of  the  o-salt.     (G r  i  e  s  s. ) 

The  aqueous  solution  of  chloraniline  forms  a  red-brown  precipitate  with  iriekiond^ 
of  gold  and  an  orange-coloured  precipitate  with  chloride  of  palladium.  The  cold 
aqueous  solution  of  chloraniline  immediately  forms  a  white  precipitate  with  mercurie 
chloride;  the  hot  mixture  solidifies  after  a  while  into  a  magma  of  needle-ahaped 
crystals.  A  mixture  of  the  ac^ueous  solutions  of  chloraniline  and  stanmout  cklaride 
quickly  solidifies  to  a  silver-shining  crystalline  mass. 

Nitrate  of  Chloraniline, — The  solution  of  chloraniline  in  warm  dilate  nitric  arid 
becomes  filled,  as  it  cools,  with  large  crvstalline  laminae,  mostly  of  a  reddish  odkmr. 
These  crystals,  which  cannot  be  sublimed  without  decomposition,  melt  when  heated  in 
a  tube,  into  a  dark-coloured  mass,  which  dissolves  with  splendid  violet  ooloor  in  alcohol, 
while  part  of  the  salt  crystallises  out  undecomposed.  The  salt  disaolyee  pretty  readily 
in  water  and  alcohoL 

(CK)«^-) 

Oxalate  {acid)  of  CMoraniUne,  OB.*C\^,Cm^0*S}0    »   C«H'Cm  >  0«^K).— Ihe 

H  3 
solution  of  chloraniline  in  the  warm  aqueous  acid  yields,  on  cooling,  crystals,  which, 
when  recrystallised  from  boiling  water,  form  prisms  made  up  of  smaller  oncv  joined 
together.  They  have  a  sweetish  burning  taste,  and  dissolve  sparinely  in  water  and 
alcohol ;  the  aqueous  solution  becomes  coloured  on  exposure  to  the  air  and  deposits  a 
red  powder.  It  does  not  appear  possible  to  obtain  a  neutral  oxalate  of  chloFaniline  in 
the  cpystalline  state. 

Phosphate  of  Chloraniline. — Alcoholic  chloraniline  solidifies  with  aqueous  pho^>hoRe 
acid  into  a  magma  of  crystalline  laminae,  which  dissolve  pretty  readily  in  water  and 
alcohol. 

Sulphate  of  Chloraniline,  (C«H«C1N)«.H«S0«  »  (C«H'C1N)«S0*.— The  white  oystsl- 
line  magma,  into  which  alcoholic  chloraniline  solidifies  when  mixed  with  a  small 
quantity  of  acid,  yields,  when  dissolved  in  boiling  water,  confused  violet-white  l«»fftpy^ 
and  when  dissolved  in  boiling  alcohol,  silvery  needles  arranged  in  stellate  groups. 
The  crystals  when  heated  give  off  a  small  quantity  of  chloranUine,  then  blacken,  and 
evolve  sulphurous  acid.     They  are  less  soluble  in  alcohol  than  in  water. 

Aqueous  sulphate  of  cop^r,  which  is  not  precipitated  by  aqueous  chloraniline^  soon 
becomes  decolorised  by  boiling  with  orystalUne  chloraniline,  and  deposits  a  bronze- 
coloured  crystalline  mass,  which  is  insoluble  in  water,  and  dissolves  but  sparingly  in 
boiling  alcohol,  whence  it  crystallises  in  spangles  on  cooling;  probably  a  oonble 
sulphate  of  cliloraiiiline  and  copper. 

SHobloraniUne,  0>HH:1<N  =    ^^^*|n.    (Hofmann,  Ann.  Ch.  Pharm.  liiL 

33  and  67.-— Griess,  ibid.  cxxi.257.)--Hofmann,  by  distilling^  dichiorisatin  still  eon- 
taining  n^onochlorisatin  with  potash,  obtained  long  prisms  consisting  of  dichloraniline 
mixed  with  a  small  quantity  of  the  monochlorinated  base.  BichToraniline  is  how* 
•ver  more  easily  prcjyHred  by  passing  chlorine  iutophenylacetamide  till  the  mass  becomes 
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['acetamide  ^ 


I  dittilling  the  reattltin^  dichloropheDyI«i 
iMWlScd  in  the  utne  manaer  as  dibrotnADiline  (Gfio8S).  It  ciTBtaUiiei  in  wbitd 
tkorali*  nearly  innoluble  in  wairr^  enaWy  soluble  in  atcakoi  ind  ether.  The  platinum^ 
tali,  2C«HKTI'N.H*CI>J>1''C1S  forms  yellow  needUs  Msilj  deoompooed  bj  hot  wator. 
(Grievii.) 

Tricliloropti«n7'latnln«  or  Trloliloraailla«*     (Erdmann,  ^<  P^>  Gi«m.  zli, 

331,  xj£v  472.  — H  of  man  u,  Ann,  Ch.  Pharm.  liii,  36,)--Ttu»  compound  (the  cA^orin* 
d^tmitof  Erdmann,  wh0|  however,  overlooked  the  aitrogen  coiit4uned  in  it),  did- 
tilM  over,  together  with  tnchloropbenic  add,  in  the  prepenition  of  th^  ktter  by  the 
motion  of  chlorine  on  mdigo  (p,  393)  (Erdmann).  It  is  also  produced,  t<]gother 
with  trichlDruph^nic  acid,  by  the  action  of  chlorine  on  aniline  or  monochlor&niUne  ;  and 
when  i\n»  mixture  is  dieliUod  with  potash'Iey  into  a  weU-cooIed  rec<>ivcr,  the  Irichlor- 
anilint  pmes  over  in  needles  floating  on  the  water,  and  as  an  oil  which  adidiflea  in 
the  crystalline  form.     (Hofniann,) 

It  crystalltaes  in  delicate,  white,  Tery  frasUe  needlea  and  lamina?,  c^ily  melting  into 
a  colourless  oil  whieh  cfyatallisea  on  ootSing;  it  is  volatile  and  neutral,  and  lias  a 
peculiiir  odonr.    (Erdmann,  Hofmann.) 

It  diasdves  sparingly  in  cold,  more  &eely  in  boiling  vfoUr;  readily  in  d/ooAo/and 
ttker  ;  does  not  combine  i*ither  with  acids  or  with  alk4xtu. 

With  nitrie  acid  it  evolvea  nitrons  fumes  and  forms  a  yellow  solution  which  turns 
red  when  miafd  with  potash  (Erdmann). — The  vapour"  passed  over  heated  soda- 
lime,  yields  a  large  quantity  of  ammonijt,  and  when  parsed  over  melted  potassium,  it 
yields  a  lai^  quantity  of  cyanide  of  [toitijaium  {Hofmann).^It  is  not  deoompoaed 
by  diiftillation  with  potash-ley.     (Erdmann,  Hofmann.) 

etai»rodl1>roiiiAiiillii«g  C*H*ClBr'N  «    '^'^'^''{n.     (Hofmann,  Ann*  Ch. 

Ftymn.  Hii.  38,) 

Pt^paraikm. — 1.  Crystalline  chloraniline  treated  with  anhydrous  bromine  becomes 
very  hot  and  givea  off  a  krg«  quantity  of  hydrobromic  acid,  assumes  a  violet  colour^ 
and  is  converted,  afVer  it  no  longer  aluKirbs  bromine  even  when  melted,  into  dilotodi- 
bromaniline,  which  solidifies  on  cooling,  and  must  be  wusbed  with  cold  water  and  re- 
cfyataUiaed  from  alcohol — 2.  When  the  whitish  precipitate  which  bromine-water 
fbrma  in  an  aqueous  solution  of  a  salt  of  chloraniline,  is  dissolved  in  hot  alcohotj  a  pale 
viulet  solution  is  obt&ined  which  yields  needle-shaped  erystalau 

}*roperttf9, — White  prisms,  often  with  a  tinge  of  red.  They  melt  in  hot  water, 
forming  a  brown  oil,  wiiich  volatilises  with  the  vapour  of  boiling  water  and  ■ublimes 
in  shining  needles.  Insoluble  in  water,  soluble  in  alcohol  and  ether ;  decomposed  by 
stionc  nitric  add. 

It  does  not  exhibit  the  charnrteia  of  a  saLifiabla  base ;  it  diBM)lTes  indeed,  with  violet 
colour,  in  oii  o/vitHoi,  but  is  precipitated  therefrom  by  water;  dlsaolvrs  alao  in  hot 
strong  kjfdrochttme  add,  but  the  greatsr  part  of  it  svparutis  on  cooling,  and  the  rest  on 
addition  of  water. 

It  dissolve*  without  ultemHon  in  warm  ammonia  and  potash  ;  does  not  form  com* 
poun<is  with  chloride  of  mercury  or  tetrachloride  of  pktinum. 

ABooMoroptii^nylAmiii^  or  Dia£ochhrtfbmsm§,  C*H*CIK'  =   (*^^™^  XJn. 

(Grio(^9,  Phil.  Tmm.  1S6I  [3]  7a5.)~Tbe  nitrati  of  this  baae,  preparad  Uke  that  of 
azo^iromuphrnylamine  (p,  437),  cryatalliaes  in  amAll  white  platea  whieh,  when  healed 

with  water,  yiolJ  chloropii«*noL 

The  ptrhromidr,  C*H*CIN*  Br*,  forms  yellow  prisms  which  are  decomposed  by  boiling 
ulcoholt  yielding  bromochlorobenzene,  isomeric  or  tdentica.1  with  that  obtained  from 
the  ehloroplatinate  of  azobromophenylamine  (p.  435),  When  decomposed  by  am* 
moniii,  ityioldsasochlorophenylene-diamineordiazochlorobenzoylimide^ 

The  chtoroplfitinate,  2(C«H"ClN*.HCL)Pt"Cl*.  ibrms  fine  yellow  needles  which,  when 
heated  with  carbonate  of  sodium,  yield  dichlorobenaene, 

Asoehlorophenjlamine  precipitated  by  acetic  add  from  its  oompound  with  hydrate  ol 
potassium,  in  a  lemun-yellow  explosive  powder. 

Asodlcliloropbenylamliie  or  i>iV7.*o£ffrjybfo6fnJWM^  (TO*C1^.  (Griesa,  ibe. 
ei7.)— The  nitruh'  forms  white  pktes.  The  «*rAnMiiltf«^  C*H'C1*N*.BH,  crystallijea 
ill  yellow  priams;  the  chloropUitinaU,  2(C*H*Cl*N*JIC!).Pt»''Cl*,  in  small,  yellow^  very 

brilliant  plates, 

4.  Cyanophenylamines, 
CjraalUdo  or  Cr^tttlliie.  C'H«N»  =   ^^yl^^f^       (Cahours    and     CJoex, 
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Compt  rend,  xxxriii.  38,  355.) — When  pure  and  very  dry  gaseous  chloride  of  cyaa- 
ogen  is  passed  into  a  solution  of  aniline  in  anhydrous  ether  cooled  with  ioe,  a  erystal- 
line  deposit  is  formed,  consisting  of  hydrochlorate  of  anfline,  which  oontuuially 
increases ;  and  the  filtrate  evaporated  over  the  water-bath,  leaves  eyanilide  in  the 
form  of  a  viscid  mass  which  solidifies  as  it  cools.  It  is  a  reddish  substance  reaemUing 
colophony  in  friability,  conchoidal  fracture  and  translucence.  ^  It  is  completely  de- 
composed by  heat,  yielding  various  products.  Its  alcoholic  solntion  mixed  with  bydio- 
chlorate  of  aniline  and  evaporated  for  some  time  over  the  water-bath,  yields  ezystalliscd 
hydrochlorate  of  melaniline : 

Melaniline. 

Cyanilide  is  insoluble  in  water,  but  dissolves  readily  in  alcohol  and  ether.  Wmier 
added  to  the  alcoholic  or  ethereal  solution,  immediately  sepamtes  a  Tiscoos  mbstanet 
which  gradually  becomes  crystalline. 

Compound  of  Ci/anilide  with  Chloride  of  Cifanogen :  Chlosoctakiudx,  C"H»*1WI 
=  2C'H*N«.CNCi.  (Laurent,  Ann.  Ch.  Phys.  [31  xxii.  97.)— When  solid  cbloride 
of  cyanogen  in  the  state  of  powder  is  gradually  introduced  into  a  flask  containing  ani- 
line dissolved  in  lukewarm  water  and  the  requisite  quantity  of  alcohol,  chlorocyanilidf 
falls  down  as  a  white  powder,  which  must  be  washed  with  water  and  alct^iol  sueees- 
sively,  after  the  liquid  which  contains  the  hydrochlorate  of  aniline  has  been  decanted  : 

iO'H'N     +     C«NHn«     -     C»»H>*N»Cl     +     2(C«H^.HC1). 

Its  formation  is  similar  therefore  to  that  of  chlorocyanamide,  2Ull*N'.CNCl,  by  the 
action  of  ammonia  on  solid  chloride  of  cyanogen. 

Chlorocyanilide  crystallises  from  alcohol  on  cooling  in  white,  highly  lustrous,  some- 
what elongated  laminee,  and  after  fusion  in  radiati^  needles.  Not  volatile  without 
decomposition. 

When  heated  somewhat  above  its  melting  point,  it  gives  ofiT  11*8  per  cent:  <^  hydro- 
chloric acid,  becoming  less  fluid,  and  ultimately  leaves  a  greenish,  transpsrent,  reai- 
cular  residue,  containmg  G'*H"N\  It  dissolves  slowly  in  boiling  potash^  and  on  neutral- 
ising the  cooled  solution  with  nitric  acid,  a  white  flocculent  precipitate  is  obtained, 
which  is  insoluble  in  ammonia,  but  dissolves  in  hot  weak  nitnc  acid,  separates  in  the 
form  of  a  jelly  on  cooling,  and  contains  62*6  per  cent,  carbon,  and  i*6  hydrogen 
(Laurent).  Laurent  regards  this  substance  as  phenyl-ammeline,  C*^N*H^  — 
C'H\CU^)^NK)  (which  however  requires  2  per  cent  more  carbon),  and  represents  its 
formula  by  the  equation : 

C'»H'«N»C1     +     KHO       =»       C«»H'«N»0     +     KCL 

The  subject  requires  further  investigation. 

Craaaatline,  C'H'N*  or  rather  C'*H'<N*  -  C«H»*N«Cy«.  (Hofmann,  Chem. 
6oc.  Qu.  J.  L  160;  ii.  300;  Ann.  Ch.  Pharm.  Izvi.  129;  Izxih.  180.)-— This  subsUmcK, 
though  not  a  substitution-product  of  aniline,  but  a  compound  of  aniline  and  cyanogea 
formed  by  direct  union,  without  elimination  of  hydrogen,  may  be  conveniently  dc^ 
scribed  in  this  place. 

To  prepare  it,  cyanogen  gas  is  passed  through  a  solution  of  aniline  in  a  six-fold 
quantity  of  alcohol,  till  the  liquid  smells  strongly  of  it,  but  not  longer ;  and  the  le- 
sulting  crystals  are  freed  from  the  mother-liquor,  which  colours  them  reddish-yellow, 
either  by  repeated  washing  with  cold  alcohol,  or  by  washing  them  twice  with  that 
liquid,  and  subsequently  dissolving  them  in  dilute  sulphuric  acid,  filtering  from  a  i«>d 
aystallinc  powder,  precipitating  the  pale  yellow  filtrate  by  ammonia,  and  crystallising 
the  pale  yellow  pulverulent  precipitate  once,  twice  or  three  times  from  a  laigeqoaDtity 
of  boiling  alcohol,  till  colourless  laminae  are  obtained. 

Cyananiline  crystallises  in  colourless,  silvery,  iridescent  laminae,  which  do  not  vola- 
tilise without  decomposition,  even  in  company  with  vapour  of  water ;  they  meh  bt^ 
tween  210°  and  220°,  and  solidify  in  the  crystalline  form  on  cooling;  they  are  heavier 
than  water ;  inodorous,  tasteless  and  neutral.  The  acid  solutions  of  this  base  do  nut 
colour  firwood  yellow ;  neither  do  they  turn  blue  in  contact  with  chloride  of  lime,  or 
give  the  precipitates  of  aniline  with  chromic  acid-  It  is  insoluble  in  water,  and  ooly 
slightly  soluble  in  sulphide  of  carbon,  wood^spirit^  alcohol,  ether,  benzene  and  oils, 
whether  fixed  or  volatile. 

Decornpoeitions. — 1 .  Cyananiline  at  a  temperature  a  little  aboTe  its  melting  point,  turns 

brown,  chars,  and  gives  off  aniline  together  with  hydrocyanate  of  ammonia. 2.  Bnh 

viine  becomes  strongly  heated  in  contact  with  cyananiline,  and  perhaps  forms  at  fiwt, 

bromocyannniline,  which  however  is  ultimately  converted  into  tribromaniline. 3.  The 

▼iolet  solution  of  cyananiline  in  oU  of  vitriol  gijeB  off,  when  slightly  heated,  amixliiie 
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of  cftrtmnie  atihTdndea&d  enrbonic  oxiiie,  whieb  ktti^r  i»  more  ^nd  more  replaced  bv 
Butphuroufl  acid  80  the  heat  intreuBcft ;  (ind  \he  liqmd  on  cooHiig  »olidifit«  in  a  eryaul- 
lion  masB  oOQciiting  of  sulphate  of  umniontum  and  phpayl'sulpb&mic  add: 


C**H»<K*  +   3H«80*  -♦►    HK)      - 


+   (NH*)»SO»  ^-  CO  ^^  CO*. 


4,  The  solution  in  dilute  kpdrocMoric  (or  dilute  mlphuiic)  acid  auou  aMimioB  a  d««p 
yellow  eolour,  and  when  erapomtpd  over  the  water-bath,  girea  offaa  odour  of  phenjhc 
pyaDaf**,  C*H*.CNO  (ii.  196 )»  and  k^avea  a  white  cryatalltiie  masa^  from  which  aal- 
atntnontac  ^  and  hjdrochloFata  of  auiUoe  are  eitnict*^  by  OfjM  wat<?r,  aod  afterwarda 
oxatnide  and  pbenjrl-oxamide  br  boiliiig  watf^r,  whilst  diphenyl-oxHmide  ig  left  on- 
diftfolved  in  quantitj  equal  to  tiuit  of  the  oxamid^  und  the  phpujl-oxamido.  In  thia 
caae,  two  deeompoaitioiis  appear  to  take  place  aimultaneously ; 


(1)  C»*H"5»     +     2HK)     +     2HCT       «       2NH*a     + 


(C^»)'> 
(C-H»)nN*. 

DipbenjrIox«nifde. 


(2)  D*H»*N*     ^     2H<0     +     2Ha       -     ^*^'^"[^     +     20«H"NCl 


OxaiBldep 


Hfdrorhlorala 

of  Knilto* 


At  the  moment  of  formation  (but  not  afterwarda)  the  oxjimide  and  dlphenjl-ozamida 
are  partly  coovertMi  into  pbenjloxamide : 

C*H*N'0»     +     C»*H^"NK>»      =       %Cm^Hy\ 

Cold  dilute  addagraduAlIy  eliminate  aniline  and  pre  off  the  odour  of  phenyl!  ccyanate. 
— 6.  Cynnaniline  15  not  altered  l>y  boiling  aqueous  or  alcoholic  ^ta^h,  but  by  potasaie 
kydratf  in  the  state  of  fujsioUp  it  is  converted  into  ammonia,  aniline^  hydrogen  gas,  and 
carbonate  of  potassium : 

C»*H'^N*   +   4KH0   +    2H»0     -     2NH*   +    2C*H'N   +    H*   +   2K«C0\ 

Sjllts  of  CTAKajiri.tjrB,*-Tbe«e  salts  are  formed  by  direct  combination  of  the  acid 
and  bitee,  aud  must  be  brought  to  the  solid  sii%tQ  as  quickly  as  poesible,  before  they 
deoompoae.  Tbey  btu  not  produc<^  by  passiuff  cyanogen  gas  through  alcoholic  soln- 
iioiia  of  aniline-salts.  According  to  the  formiua  C^'H"N\  they  must  be  regarded  00 
diacid  aalu. 

Ht/drohromat^,  Cl*H'*K*.2HBr. — CyananJlini*  is  dissolred  in  boiling  dilute  hydro- 
bromie  acid,  and  the  filtrate  immediately  mixed  with  an  equal  quantity  of  concentrated 
hydrobromic  acid^  which  seppxtttea  crystals*,  to  be  washed,  fijist  with  coQcentrated 
hydr^bromic  acid*  tht-n  with  ether.     The  salt  is  very  much  like  the  folio  wing. 

'  Ht/drocMoratf^  C'*H'*N*,2HC1. — The  yellow  sobtion  of  cyananiline  iu  boiling 
dilute  hydroeliloric  acid,  is  filtered  hot  and  imnaediately  mixed  with  an  equal  quantity 
of  fuming  hydroehlonc  acid,  which  decolorises  it,  and  soon  causes  the  separation  of 
a  large  quantity  of  colourless  crystals,  which  must  be  wnshi'd  with  hydrochloric  add 
and  men  with  ether*  Theao  crystals  haTe  a  reiy  sweet  taste,  and  are  permanent  when 
dry,  but  decompose  in  the  moist  state,  becoming  at  the  same  time  insoluble  in  water^ 
Their  aqueous  solution  yields  by  erapo ration,  the  same  produeta  of  deeompositioD 
as  the  direct  solution  of  cyananiline  in  dilute  hydrochloric  acid  (viif.  tup,).  Aniline 
added  to  the  aqueous  solution  of  the  crystals,  precipitates  the  cyanandine  as  the  weaker 
bftse,  and  acids  throw  down  the  crystals  in  their  original  state.  The  ciystals  dissolre 
with  great  ffwil  ty  i n  water  and  in  alcohoL  The  ch loro-a  w  rdt^-,  C  'H '  ♦N\  2(  HCl,  An Cl'X 
is  an  orange-coloured  precipitate  obtained  by  adding  auric  chloride  to  a  solution  of 
cjananihne  in  alcohol  or  hydrochloric  acid.  The  chfortyplatinaif,  C'*H'*NV2HCl.I*t"Cl*, 
is  precipitated  on  mixing  a  moderately  concentrated  Boiution  of  cysinaailine  in  hydro- 
chloric acid  (saturated  at  the  boiling  heat,  with  a  concentruted  solution  of  platiiuc 
chloride,  and  learing  the  liqmd  to  cool.  It  forms  beautiful  orange -colotired  necdl«a 
which  are  soluble  in  water  and  alcohol,  but  cannot  he  recnrstallised  from  those  liquids, 
the  »r»I  lit  ions  yielding  nothing  but  chlaroplatinate  of  txuline  and  chloroplatini>te  of 
ammonium. 

Hpdrhdaie  nf  Cyannnilint  reaembles  the  hydrochlorat^  and  hydrobromatc^  but 
deeompoae*  quickly  on  exposure  to  the  air,  with  separation  of  iodine* 

Nttrtiir,  C'*H**N'.2HN0',^Cyananilinti  dissolves  easily  in  boding  dilute  nitric  add, 
and  the  solntbu  on  cooling  dep<j«its  the  nitrate  iu  whiti^  needles  which  mjiy  l>e  re- 
cry  8  tallisccl  fi'nm  boiling  water.  It  is  but  ♦^lightly  soluble  in  cold  waiter,  still  less  in 
iilt'ohol  and  anther.     It  forrau  a  crystallisable  double  wilt  with  nitrate  of  silver. 

Tlie  oj-aiaU  and  suipkaU  are  very  soluble,  and  their  solutions  decompose  daring 
evaporation. 
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5.  lodophenylamines* 
BBoBO-lodoplieiiyteiBiiia  or  XodanlUiie,  C^IN  «>      ^[s  (^-    (Hofmann, 

Ann.  Ch.  Pharm.  IzTii.  64.)~To  prepare  this  compound,  1|  pL  of  iodine  is  gndiuJlj 
dissolved  in  1  pt.  of  aniline ;  the  solntion  is  mixed  with  hydrochloric  add  of  s^ecxfie 
CT&vity  I'll  (a  stronger  add  would  separate  hydrodilorate  of  aniline) ;  the  sdiitioii  of 
hydrochlorate  of  anilme,  hydriodic  acid,  &c,  is  separated  by  filtration  from  the  pre- 
cipitated and  still  strongly  coloured  hydrodilorate  of  iodaniline,  which  is  sparingly 
soluble  in  water ;  the  precipitate  is  washed  seTeral  times  with  hydrochloric  afcid,  and 
crystallised  several  times  m)m  boiling  water,  at  last  after  boiling  with  animal  eharooal, 
till  the  crystals,  which  are  at  first  ruby-coloured  and  contain  free  iodine,  together  with 
a  brown  induretted  decomposition-product  of  aniline,  are  completely  deookmsed;  and 
the  iodaniline  is  precipitated  firom  their  aqueous  solution  by  ammonia,  aa  a  white  crys- 
talline powder,  which — in  order  to  free  it  from  any  of  the  yellowish  deoompositioD- 
product  and  phosphate  of  calcium  from  the  animal  charcoal,  that  may  still  adhere  to  it 
—is  dissolved  in  alcohol,  filtered  from  the  yellowish  product,  and  precipitated  by  water 
in  the  form  of  a  white  crystalline  mass.  The  liquid  filtered  therefrom  yields  by 
evaporation  yellowish  oily  arojps  which  crystallise  on  cooling. 

Properties. — ^White  czystaUme  powder,  which  aTStallises  from  solution  in  prisms 
and  needles,  never  in  octahedrons ;  the  mass  solioified  from  cooling  also  never  ex- 
hibits the  cleavage-faces  of  the  octahedron.  It  is  heavier  than  water.  Melts  at  600, 
forming  a  yellowish  oil,  and  at  the  moment  of  solidification,  shows  a  temperatnre  of 
61^^,  but  sometimes  remains  liquid  even  at  the  ordinary  temperature,  in  which  case^ 
contact  with  a  glass  rod  often  causes  it  to  solidifjr  suddenff  in  a  ciystalline  mass. 
When  evaporated  at  a  rather  strong  heat,  it  volatilises  undecomposed,  and  easily 
distils  over  even  with  vapour  of  water.  It  has  a  vinous  odour  and  a  buminff  azomatie 
taste;  no  action  on  vegetable  colours.  Like  aniline,  it  imparts  a  deep  yel&w  cokmr 
to  firwood  and  elder-pith ;  but  chloride  of  lime  colours  it,  not  violet  but  reddish.  The 
vapour  bums  with  a  bright  sooty  flame. 

Iodaniline  dissolves  very  sparingly  in  cold  watery  and  crystallises  from  boiling  water 
in  interlaced  hairs.  It  dissolves  in  sulphide  of  carbon^  also  in  alcohol,  ether,  wood" 
spiritf  acetone,  and  oils  both  fixed  and  volatile. 

Decompositions. — 1.  In  contact  with  the  air,  iodaniline  becomes  qniddy  covered 
with  a  brown,  metallically  lustrous  fiilm,  and  gradually  assumes  a  black  colour  extend- 
ing throughout  the  whole  mass. — 2.  Chlorine  decomposes  iodaniline  into  trichlor- 
aniline,  tnchlorophenic  acid  (as  with  aniline,  p.  424),  and  chloride  of  iodine. — 8.  With 
bromine,  alcoholic  iodaniline  solidifies  in  the  form  of  crystalline  tribromaniline,  while 
all  the  iodine  is  set  tree  as  bromide  of  iodine.  — 4.  Chlorate  of  potassium  with  Ay^^ 
chloric  acid  forms,  as  with  aniline,  trichlorophenic  acid  and  perchloroquinone.^-5.  With 
strong  boiling  nitric  acid,  iodaniline  forms,  with  brisk  action  and  evolution  of  iodine- 
vapour,  a  solution  from  which  picric  acid  crystallises  on  cooling. — 6.  Crystallised 
chromic  acid  decomposes  iodaniline'  with  violence,  but  does  not  set  it  on  fire. — 

7.  Ctently  heated  potassium  decomposes  iodanib'ne  with  violence,  forming  iodide  and 
e^nide  of  potassium. — Potassium-amalgam  introduced  into  aqueous  mtrate  of  iodan- 
iline, immediately  forms  iodide  of  potassium,  and  reproduces  a  small  qnanti^  ni 
aniline,  whilst  the  greater  portion  is  converted  into  a  yellow  crystalline  substance 
having  an  aromatic  odour.  Zinc  immersed  in  iodaniline  supersaturated  with  sulphuric 
acid,  eliminates  iodine  and  aniline,  so  that  after  a  few  minutes  the  liquid  forms  a  blue 
colour  with  starch,  and  after  saturation  with  potash,  gives  up  aniline  to  ether. — 

8.  When  chloride  of  cyanogen  is  passed  through  iodaniline  dissolved  in  ether,  hydro- 
chlorate  of  iodaniline  is  first  precipitated  but  ^erwards  disappears,  and  the  iodaniline 
is  converted  into  a  transparent,  slowly  crystallising  resin,  which  is  a  mixture  of 
hydrochlorate  of  di-iodomelaniline  and  lodophenyl-carbamide.  Formation  of  hydzo- 
cnlorate  of  di-iodomelaniline : 

2C*H«NI  +  CNCl     -     C»»H»I«N».HC1. 

Formation  of  iodophenylcarbamide  and  hydrochlorate  of  iodaniline : 

2C«H*NI  +  CNa  +  H«0     -     (CO)"(C*H*I)HW  +   C^'IN.HCL 

Salts  of  Iodanilike. — These  salts  crystaUise  with  the  same  fiMnlity  as  the  aniline 
salts,  but  are  less  soluble.  Iodaniline  is  a  weaker  base  than  aniline,  and  is  sepanted 
by  the  latter  from  the  solutions  of  its  salts.  It  precipitates  the  salts  of  ahmdniom, 
but  does  not  decompose  ferric  or  zinc  salts.  With  sulphate  of  copper  it  forms  a  yellow 
precipitate. 

Ifydrobromate  of  Iodaniline  exactly  resembles  the  hydrochlorate. 

The  hydrochlorate,  (XB*IN.HC1,  is  sparingly  soluble  in  cold  water,  and  its  aqueous 
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»oliitif!Ti  U  nlmost  enlirelj  precipitated  hy  liydroehloric  acid*  It  ciy6rs)H!i<>s  from 
t  r  in  larg?  thin  lamicfe  or  oeedlas  soluble  in  alcohol,  insoluble  in  ether. 

'1  rate  u  an  unit&blf  scsrlet  predpitale  fbrm^  on  mixing  the  solutions  of 

Atinr  riiionde  and  hjrdrocklorate  of  todaniliofu  The  ekicrcfUttmaU,  2C*H*IN.H*Cl^ 
Pt'*G*,  it  an  orange-eoloured  crjritulline  precipitate* 

H^dHodaU  of  lodan^ine  forma  %  radiate  masa  mudi  more  aoluble  thmn  the  hydro- 
bromate  and  hydreKblorate,  and  eafilj  dcoompoflible. 

The  nitroU  cryst«llifte«  from  water  in  beautiful  eapiU&iy  needl^a  of  great  length.  It 
ifl  more  Bolnble  tnan  the  preceding  salts,  espmally  in  boiling  water  ;  yerj  colnme  alio 
in  alcohol  and  ether.     Ite  eoludon  is  not  precipit&t4'd  by  nitrate  of  ailrer. 

The  ftM/.T'  •:'^- V"^X  C?H«0«  «  (C»0»nCH1N)K)»,  cryatAlliiMse  in  long  flattened 
needl>>e,  mw  !o  in  water  and  in  aloohol,  inaolnble  in  ether 

The  iiJph:  ,  __  .:  1N.SHK}*  «  (C^TIT)^.  crjrttaUijeain  BhiningBcalee.  The 
oq  11  eons  solution  appears  to  be  decomposed  by  boiling;  at  all  eyente,  on  attempdng  to 
rpcrystalliie  it  after  boiling,  a  portion  of  the  salt  always  remains  insoluble. 

Aso-l<»doplieiiyl«ttiliie,  C^*IN»  -  ^*^^?   ^  {  ^,J>uiz<hiodobenMene,(QTie»% 

Phil.  Trans.  1864  [3]  706.) — ^This  base  and  its  salts  are  obtained  by  processes  exadly 
fiimilar  to  those  employed  fbr  the  preparation  of  the  (Corresponding  bromine-corn* 
pounds  (p.  436).  Axoiodophenylamme  in  the  ftiee  state  is  a  yellow  explosire  pns' 
eipitate.  The  nitrate,  C*H'1N*,NH0',  crystallise?*  in  whit^  prisms  or  needles,  Tery 
soluble  in  water.— The  9ulphait\  C^H'IN'.SH'O*,  in  small  plates  easily  soluble  in 
water,  sparingly  solnble  in  alcohol— The  cUoroplaUnaU,  (C«H"IN»  HO).Pt»'Cl*,  in 
bright  yellow  clusters  of  needles. — The  perhromide  of  aro-iod^mhmytammoniumt 
CE '1  N*.Br*,  forms  small  yellow  plates.  With  boiling  alcohol  it  yielos  bromo-iodo- 
benzene,  OlfBrl ;   and  with  aqueous  ammonia  it  forms  azo-iodophenylene* 

diamine,  '^^PIn^.o'  diaso-iodobemoHmide.  (^^'^^>"fN. 

6.  liitropktnylainifi€», 
aSoiioiiltroplie&ylaBiiiiitt  or  Wltrmnlllae.    C*H*(NO*>N   - 

(Hofinatin  an^l  M n sprat f,  Ann.  Ch.  Pharm.  Ivii.  204. — E,  Arppe,  ibid,  xc.  147; 
xciii.  157).— Of  this  base  there  are  two  isomeric  modifications,  the  one  cidled  alpha- 
nit  r  aniline  (or  by  Ajj^ipe,  parani(raniliwi\  obtained  by  reducing  dinitrobonsene  with 
flulphydnc  acid  ^Hofmannand  Muspratt);  the  other  called  bcta-nitraniline* 
{nitr&nilint  of  Arppc),  produced  by  the  decomposition  of  nitro-pheayl-paratartrimide 
(Arppe)»  or  of  nitrophenyl^acetamide  or  nitrophenyl-suceinamiae  under  the  influence 
of  aUmUs  (Hofmann,  Proc,  Boy.  Soc.  x.  589;  siL  639): 
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Nitrophenyl-icetainide.  Kltraotllne. 

a-nitraniline  was  the  first  instance  discoTered  of  a  basie  subst^vnco  containing  the 
f  lementa  of  nitric  perosctde. 

Prtparation, — 1.  Of  m-nttranilifu. — The  aqueous  solution  of  dinitrobenxene  ift 
eaturated  with  ammoniacal  gas  ;  sulphuretted  hydrogi^n  is  passed  through  the  blcx>d-rei 
aolution,  till  the  liquid  ni  saturated  with  it  and  only  a  slight  deposition  of  sulphur 
takes  place ;  and  the  fiolution  is  the^n  mixed  with  bydrochkidc  add  and  evaporatedt 
whereupon  an  udditioniil  quantity  of  stdphur  separates,  together  with  undecompoeed 

«  Tlic  mcAnkna  lipre  At«l8iiii>d  to  Ibr  C«rmi  a-  and  ^-nitr«nlHnj>  li  rhe  ■nine  u  that  orij^lnAllr  gtvcn  b^ 
titirmiinn,  an  J  iirr[if»t»d  In  most  workf  on  Chrinlitr-r-  (Gmeluri  Hiindhook,  Gerhardt'i  Traitf  dt-  (hJmtr 
iitfr.miiinf,  thtf  Handw'6rUrb^»ck  4er  CAemie,  Ac).  G  r  i  i»  t  »,  on  tli«  contr.irj',  in  «  ttcvnt  mi  inuir  (Fbll, 
'Iran*.  IS(t4,  [A]  1VS^\  deilf  q«Cb«  thm  ba»i«  obuifii^  rroiD  lite  iiicrati.il  pht-itylditnltlrt  Aa  «,  ailiI  itial  obt.\iui4 
U)  rediKtIon  otilliillruOekiieuv  «■  ^-nUruiUine. 
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dinitrobenzene.  The  filtrate  is  then  mixed  with  potash,  which  precipitates  a  hrowii 
adhesive  resin  ;  this  resin  is  freed  from  potash  by  washing  with  cold  water,  and  then 
dissolved  in  boiling  water ;  the  orange-yellow  solution  is  filtered  to  separate  a  niall 
quantity  of  undissolved  brown  resin ;  and  the  needles  of  a-nitraniline  which  sepante 
on  cooling,  are  purified  by  recrystallisation  from  hot  water  (H  of  man  n  and  Mas- 
prat  t).     Arppe  further  purifies  the  crystals  with  animal  charooaL 

2.  Of  fi-nitraniline. — Nitro-phen^l-pypotartrimide  is  dissolved  in  a  boiling  dUnte 
solution  of  sodic  carbonate  mixed  with  a  little  caustic  soda,  whereby  it  is  conyeited,  by 
taking  up  1  at.  water,  into  nitrophenyl-pyrotartramic  acid,  and  the  solution  is  boiled 
till  it  no  longer  gives  a  precipitate  of  that  acid  on  addition  of  nitric  acid.  The  nitro- 
phenyl-pyrotartramic acid  is  then  resolved  into  /S-nitraniline  and  pyiotarCaric  add. 
The  yellow  solution  yields  on  cooling  an  abundant  crop  of  yellow  rhombic  tables  which 
must  bo  collected  on  a  filter,  washed  with  cold  water,  and  purified  by  reciystaUisation. 
(Arppe.) 

An  easier  mode  of  preparation  is  to  dissolve  phenylacetamide  or  phenylsnocinaHiide 
in  cold  fuming  nitric  acid,  dilute  the  solution  with  water,  which  throws  down  nitro- 
phenyl-acetamide  or  nitrophenyl-succinamide,  and  distil  this  precipitate  with  caustic 
potash.     (Hofmann.) 

Properties. — Alpha-nitraniline  forms  needles  of  a  fine  yellow  colour  and  an  inch  long; 
heavier  than  water.  They  melt  at  about  110°  (at  108°,  according  to  Arppe),  ftnnine 
an  oil  of  a  deep  yellow  colour,  which  boib  at  285°,  passes  over  in  yellow  Tapoma/ufd 
solidifies  in  the  receiver,  forming  a  laminated  mass ;  at  100°  the  crystals  snblime  in 
beautiful  lamins,  without  previous  fusion  (Hofmann  and  M  u  s  p  r  a  1 1).  The  sublimed 
crystals  arc  rhombic  tables  of  51°  and  129°,  having  one  of  the  acute  angles  either 
perpendicularly  truncated,  or  bevelled  with  two  faces,  while  the  two  obtuse  angles  are 
sometimes  obliquely  truncated,  sometimes  unaltered  ;  maicles  are  often  formed  with 
deep  re-entering  angles.  Similar  modifications  are  exhibited  by  the  crystals  obtained 
frem  solution  in  water  or  alcohol  (Arppe).  The  cr}'&t4ds  are  inodorous  at  ordinary 
temperatures,  but  when  slightly  warmed,  they  emit  an  aromatic  odour  having  a  distant 
resemblance  to  that  of  aniUne ;  they  have  a  burning  sweet  taste,  are  perfect^  neutral, 
and  colour  firwood  (as  well  as  the  cuticle)  deep  yellow,  like  aniline,  hat  do  not  produce 
Any  blue  colour  with  chloride  of  lime.     (Hofmann  and  Muspratt) 

/3-nitraniline  crystallises  from  the  aqueous  solution  by  slow  cooling  in  long  needles ; 
but  by  more  rapid  cooling,  in  small  tabular  or  needle4haped  crystals  with  ansles  of 
69°  and  111°,  having  the  smaller  angle  truncated  in  such  a  manner  as  to  produce  a 
six-sided  table  with  angles  of  111°  and  138°.  From  an  alcoholic  solution,  the  rhombic 
tables  separate  unaltered  together  with  the  six-sided  tables ;  an  ethereal  solution  yields 
sometimes  tables,  sometimes  capillary  needles ;  from  an  aqueous  solution  containing 
carbonate  of  sodium,  rhombic  tables  of  56°  and  125°  are  obtained ;  by  sublimation, 
sometimes  needles,  sometimes  irregular  laminsB.  The  crystals  mdt  at  141°,  Tolatilise 
at  about  the  same  temperature,  and  sublime  very  beautifully  when  heated  between  two 
wati'Ji -glasses.  At  100°,  the  sublimation  is  scarcely  perceptible.  The  crystals  have 
also  scarcely  any  taste.     (Arppe.) 

Alpha-nitranUine  dissolves  in  600  pts.  of  water  at  18*5°,  and  much  more  readily  in 
boiling  water  (Arppe).  j3-nitraniliue  dissolves  in  1260  pts.  of  water  at  12-5°,  and  in 
45  pts.  of  boiling  water.    Both  modifications  dissolve  easily  in  alcohol  and  in  ether, 

Drcompoftiions. — 1.  The  vapour  of  nitraniline  boms  with  a  bright  sooty  flame. 

2.  Alpha-nitraniline  distils  almost  without  residue ;  but  j3-nitiuni!ine  leaves  a  con- 
siderable quantity  of  carbonaceous  matter,  when  distilled.— 3.  Bromine  oonverti 
nitraniline,  with  great  rise  of  temperature  and  evolution  of  hydrobromie  acid,  into 
a  brown  resin  whose  solution  in  hot  alcohol  deposits  vellow  crystals,  insoluble  in  water, 
aicidH,  and  alkalis,  and  probably  consisting  of  dibiomonikraniline,  OH^Br*(N0*)N 
(Hofmann  and  Muspratt). — 4.  Nitric  acid,  even  when  highly  concentrated, 
dissolves  j3-nitraniline  without  visible  decomposition  (Arppe) ;  but  a-nitraniline  is 
violently  acted  upon  by  nitric  acid,  and  converted,  after  a  while,  into  an  acid  which 
appears  to  be  picric  acid  (Hofmann  and  Muspratt). — Gaseous  chioHde  of  cyawh 
(jfeti  passed  through  melted  nitraniline  (a),  converts  part  of  it  into  dinitromelaniline, 
while  the  greater  portion  is  transformed  into  a  resinous  substance.  Alcoholic  nitrani- 
line is  decomposed  very  slowly  by  chloride  of  cyanogen  and  aqueous  aniline  in  a 
peculiar  manner ;  but  nitraniline  dissolved  in  ether  forms  with  chloride  of  cyanogen, 
nothing  but  hydrochlorate  of  aniline  and  yellowish  needles  of  nitrophenyl-carbamMe: 

2C«H«(N0«)N   +  CNCl   +   HK)     =     C«H«(NO«)N.Ha   +  C«H\N^«)In« 

6.  Neither  o-  nor  /B-nitraniline  is  acted  upon  by  the  iodides  or  biomides  of  ethyl  and 
methyl.    (Hofmann,  Proc.  Roy.  Soc.  xii.  639.)  '' 
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Ri.LTi  Of  NtmAHrLDrm.— Kitramlioe  in  cither  modiflcntioo  U  ft  vtry  woik  b^w, 
t\nt  pr^'ipirntiti^  any  mtftAlliG  mil.  From  thp  folutions  of  ita  lalUr  some  of  W'bich  hk 
erv'HfHllifuible  ;  it  i^  precipitAt4>d  in  the  cryitAUiDe  form  bj  aniline,  ua  weU  as  by  tlie 
r;  "    hfl  and  iUk»liD«  eartxjnatef . 

rat^s.    C*H*N*0'.HCt — The  eolourlcws  fialution  of  a  utiraniliiifl  in  hydro- 
I  li  i,  yield*  by  evapomHoa,  iiacri?oii»  crystttU,  (ntreinely  tolqble  in  wat^r  and 

aleohol  (Hofmtinn  and  Mtiaprtitt),  £loDgtil«d  rhombic  tablM  with  angU's  of  120^ 
and  SO^,  which  are  pennanent  in  th«  air  and  dinsoke  readily  in  hydrochloric  acid; 
they  are  decompoAed  by  water,  which  B«?parate8  the  gTeat«r  part  of  the  base* 
(Arppe.) 

5-nitnintliDC  form*  with  hydrochloric  acid,  a  yellow  »oltitioD,  or  if  the  acid  ia  in 
great  exccfifl,  a  colourleaa  anlutton,  which,  on  cooling,  depo*rits  rather  large,  colonrle«8, 
tabular  erystala,  which  in  their  AimDle«t  form^  are  four-sided  tablr^,  with  angles  aithf^r 
(if)  of  96*  and  85**,  or  (A)  of  66*  and  116*;  bv  the  combination  of  these  two  form«»  tliH 
aeoteaag:I««  of  a  being  truncated  by  ht  frix-Aicfed  tablra  are  formed  :  and  by  the  tmnca- 
tion  of  aJl  the  angles  of  a,  eight^sided  tables.  The  salt  la  easily  decomposetl,  both  by 
heat,  which  cause*  it  to  turn  yellow  and  giTC  off  acid,  and  by  wat^r,  which  separaitcH, 
the  base  almost  completely  ;  aUcalia  precipitate  the  nitraniline  in  the  crystalline  ff>nn 
bnt  the  precipitate  rodiasoiTea  in  excess  of  the  alkali.    (Arppe,) 

ChioripiatinaU*,  2[C«H^0*)N.HCn.Pt»'a«.'-The  »-8a!t  i»  precipitated  by  platinic 
chloride  from  the  alcoholic,  bnt  not  from  the  aqueous  i»otation  of  a-nitmline,  as  a 
yellow  cry Btalline  powder,  which  ia  extremely  soluble  in  water  and  in  alcohol,  and  must 
therefore  be  washed  with  ether.  The  B-salt  is  precipitated  from  the  concentrated  so- 
lution of  the  h3''dnK'hlorate  either  in  water  or  in  alcohol ;  it  is,  however*  much  more 
^luble  in  alcohol  than  in  water.  It  crystaUises  in  stellate  gi^^p  ^^  ^^^  sli^mbT 
needles.  When  wiah«d  with  a  mlxtuzv  of  alcohol  and  ether,  it  is  converted  into  a 
yellow  salt,  apparently  eonsiiting  of  C«H«(NO*)N.HCLPt"Cl\     (A  rppe.) 

Nitrate  of  tL-nitranitine  h  crystalline,  easily  soluble  in  water,  very  sparingly  soluble 
in  strong  nitric  acid.  Th«  0-nitrate  crystallises  in  shining,  long^  right-angled  truncate 
prisms,  and  is  decomposed  by  water. 

Ox«/a^^,— Alpha-nitraoiline  forms  an  acid  oxalal*\  CT3«(NO«)N.C?H'0<,  which  i» 
deposited  in  yellow  crratals  on  mixing  the  alcoholic  solutions  of  the  ba^e  and  acid. 
Oxalate  of  /^-nitraniline  crystallines  in  slender  needles  and  plates  sparingly  soluble  in 
water. 

Sn/pkatfs, — The  a-salt  crystallises  in  shining  rhombic  prisms,  which  dissolve  in 
water,  forming  a  clcAr  solution.  The  B-salt  crystallises  f^m  asoltitton  of  3-nitmnilin«« 
in  dilute  sulphuric  acid,  in  large  shining  plates  which  have  an  add  taste,  and  ar« 
decomposed  b^  water. 

T\trtr&i0  0/  m-mtranii*fir  forms  a  yellow  solution  f^^^m  which  the  salt  crystallines  in 
yellow  rectangnlttr  tablen.  Potash  decomposes  the  solntton,  separating  the  base  in  the 
form  of  a  yeUow  crystalline  precipitate  aoluble  in  (yu?es8  of  the  alkali.  Ihrtratf  of 
fi-nitraniiine  crystAllifieB  in  yellow  needles ;  potash  does  not  predpitate,  but  di«aolves 
it.  forming  a  red  solution.    (A rppe.) 

A  solution  of  either  modification  of  nitraniliue,  mixed  with  a  recently  prepared  so- 
lution of  (f alt-nuts,  and  afterwards  with  a  small  quantity  of  potash,  yields  a  copious 
floeculent  or  almost  gummy  precipitate,  which  is  decomposed  by  excess  of  potaiA,  a 
portion  of  the  base  being  precipitated  in  the  crystalline  funa.     (A  rppe.) 

CH'N-O-     -     C'H^^<'')*{n. 

oil 


DlnitrRaUlnet 


H» 


(Gottlieb,  Ann.  Ch.  Pharm. 

Isxxv.  17.)— Produced  by  the  action  of  alkalis  on  dinitrophenyl-citracouimide.  When 
this  compound  is  treated  with  a  boiling  dilute  solution  of  carbonate  of  sodium,  carbonic 
imhydriae  is  evolved,  and  the  light  floocnk-nt  crystals  of  the  amide  are  psrtly  dissulred, 
and  partly  converted  into  a  heavy  yellow,  cryBtatline  pofwder^  consisting  of  dinitrani- 
line  ;  when  the  action  is  complete,  tnis  substance  separates  oat  in  more  definite  cr^'Mtals. 
It  the  boiling  be  not  continued  long  enough  to  ensure  the  complete  decomposition  of 
the  imide  in  the  manner  above-mentioned,  the  mother* liquor  is  found  tjo  contain  dini- 
trophenylcitraoonamare  of  sodium  as  well  aa  citraconate.  The  dinitraiullne  is 
purified  by  crystallising  it  several  times  from  boiling  water : 

H 


C*H"(NO»)«f   " 


1LC*H'(N0*)«| 

(C^H^O')" 

H 
Uin  [(ra)itici»f  l-cit  rA* 
conuQic  m\4. 


'\i 


]o» 


H«0       = 


D  f  n  i  trofthen  jUcit  ra* 
conamic  arid.  ^ 


CKHSO^y 


Diuttrai3iHi>e. 


Cittacoolc  acid. 


i" 
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Dinitmniline  crystallisefl  bj  spontaneoTis  eTaporatum  of  its  solatioii  in  m  miztue 
of  alcohol  and  ether,  in  ffreenish-vellow,  rather  brilliant  tablf«,  ekhibitiiig  a  Uidih 
tint  hj  reflected  light  on  Sie  lateral  faces.  It  is  inodorous ;  boils  at  185^,  giTing  off 
yellow  yapours,  which  condense  in  the  form  of  a  yellow  soblimate ;  the  melted  |Kati« 
solidiflefl  on  oooUng  into  a  deep  yellow  orstalline  mass.  It  dissc^Tes  sparii^lr  iiieold 
wateVf  easily  in  boihng  water  and  in  alcohol.  When  heated  saddenly  in  a  tube,  it  blackens 
and  explodes.  Stdp&de  of  ammonium  conTerts  it  into  nitrophenylene-diamine: 

J?H^O.).j^   +  SffS    -     tC^fO'n'JNt  +  2HH)   +  8-. 

Dinitranillne.  NitrophenjlMe- 

duunine. 
Dinitzaniline  does  not  combine  with  adds. 

TrlBitrmniUne.    Trinitrophenylamide,  Pieramide,  C^^*0*  —  ^^^*^^^^*^|n  ? 

(Pisani,  Ann.  Ch.  Pharm.  xcii.  826.) — Obtained  by  the  action  of  ammonia  on 
chloride  of  trinitrophenyl  or  chloropicryl  (p.  416).  When  cmde  ehloropietyl  is  trita- 
rated  with  excess  of  cold  aqueons  carbonate  of  ammoninm,  and  the  remiltiiig  mses  is 
treated  with  boiling  water,  a  residae  is  obtained,  consisting  of  trinitranilinry  which 
dissolves  in  boiling  alcohol,  and  separates  in  crystalline  pL^es,  dark  yeUow  by  trans- 
mitted, violet  by  reflected  Ught,  and  Yielding  a  light  yellow  powder.  It  Jumclr^ 
sparingly  in  ether.  When  heated  it  decomposes  with  detonation,  g;iTing  off  nitniis 
fumes  and  leaving  a  carbonaoeoos  residae.  Heated  with  aqneoos  potash,  it  giYss  off 
ammonia  and  leaves  picrate  of  potassium. 

ABonitroplieiijlamloe,   O'H'N^O*    m    C^NO')N*   -  g,   '|k. 

DiatonUrobenzene,  (Gri  ess,  PhiL  Trans.  1864,  [3],  708.)— By  treating  the  nitratesof 
a-  and  /B-nitraniline*  with  nitrous  add,  nitrates  oJT  azonitrophenylamiue  are  obtained, 
having  the  same  composition  but  di£fering  from  one  another  m  physical  pfopeities,  and 
yielding,  when  heated  with  bromine,  platinic  chloride,  and  othm  reagents^  isomeric 
salts  euibiting  correspondinff  differences  of  physical  character. 

Nitrate  of  a-aeonitrophenytamine^  C^'N«0'.NHO*,  is  predpitated  by  ether  fitun  its 
alcoholic  solution  in  prisms  frequentlpr  approaching  to  cubes,  very  soluble  in  water, 
sparingly  soluble  in  aloohol,  insoluble  in  ether,  and  exploding  with  great  violenee  when 
heated.  The  /3-salt  has  about  the  same  degree  of  solubihty,  bat  cxystallises  in  fine 
long  needles. 

Both  modifications  of  the  nitrate  when  boiled  with  water,  are  decompoaed,  after  i 
time,  with  evolution  of  nitrogen-gas,  yielding  a  brownish,  easily  Ai8iUe»  sli^thr 
substance,  which,  judging  from  the  manner  in  which  the  nitrates  of  aaqphenviai 
azobromo-bromophen^amine,  &c,  are  decomposed  (ppw  432,  437)»  shoold  hare  toe  c 
podtion  of  nitrophenic  acid,  according  to  the  equation 

C«H^NO«)N«     +     BPO       «       C^»(NO«)0     +  N»; 

Axonitrophenyl-  Nitrophenic 

amiDe.  add. 

but  it  cannot  be  made  to  crystallise,  and  appears  to  differ  altogether  in  its  propertiei^ 
both  from  nitrophenic  and  from  isonitrophenic  add  (p.  394). 

The  chloroplatinaif^,  2(C*H'NH)^HCl)Ptl^a^  of  both  modifications,  eiTstalliscs  in 
long  yellow  needles  or  prisms. 

Perbromide  of  a-azonitrophenyUimnumium,  C^*(NO«)N*Br»,  is  prodpitated  by 
bromine-water  from  the  aqueous  solution  of  the  a-nitrate,  usually  as  an  oil  whidi  sooo 
solidifies.  It  forms  small  orange-coloured  plates  or  prisms,  which,  unlike  the  ^-eolB- 
pound,  cannot  be  recrystallised  from  warm  alcohol  It  is  likewise  obtained,  together 
with  tribromonitraniline,  by  the  action  of  bromine  on  azodinitrodiphenyldiamine,  the 
latter  being  suspended  in  water,  and  bromine  added  till  the  iiHiole  is  converted  into  a 
heavy  brownish-red  oil : 

C»H»(NO«)«N«  +  Br"  =  C«H*(NO«)N«Br»  +  C«H«Bi^NOnN  +  2HBr. 
Asodinitro^tphenyl-  F^bromide.  Tribroaonitraii^e. 


On  decanting  the  supernatant  aoueous  mother-liquor,  and  allowing  the  excess  of 
bromine  to  evaporate,  the  oil  solidifies  to  a  crystalline  mass.  Before  however  com- 
plete solidification  occurs,  thick  yellowish-red  crystals  frequently  shoot  auL  ^^ndsting 
of  the  nearly  pure  perbromide,  which  may  be  freed  from  adhering  tribromanabT^ 
pulverisation  and  washing  with  ether.  If  no  distinct  crystals  form  after  the  bromioe 
has  evaporated,  the  crystalline  mass,  consisting  of  the  perbromide  and  tribromonitraniline, 
must  be  pressed  between  filter-paper  and  washed  with  ether,  to  dissolve  out  the 

p.^C?a!Vw?-nore,*^  «5)?  ***"'  *""'  *"  "**  '^^  "^^^^^  *^  *****  •••*«°^  ^  "«■  *»  Crkut 


ALLYLOPUENYLAMINE, 


449 


* 


t^ibrolnotlltmnttin^.  Thift  how^rcr  is  ii!r4»ndr>d  witli  loea,  siocc  Ib4»  {M«rbromidc  in 
IMLftly  «>iiT#*ted  by  th©  cth*»r  into  nitrobromobenieii^. 

The  /l-perbromiae  ia  precipitated  by  bromine-wiiter  from  th«  iqnootm  ii-niti^te,  in 
■Ifindfr  or&nge  prisms  ahnoA  iitfciliible  io  wnter  and  in  ethf^r,  but  easily  soluble 
in  warm  al^hiQl,  vhftnce  the  compound  ia  deposited  on  cooling  in  well-defiii«d 
ciystals. 

On  lutttiDf^  the  aloobolie  solutions  of  the  »>  sod  ^pprbromidf,  «-  and  6-nitTobroiiio - 
bensene,  {?H*(NO*)Br  (p.  416),  an  obuined. 

Th«   A>perbromide    moated   with    aqueous    ammonift    im  conTert«d    into  S'aio- 


n  i  t  rophe  n  J I  e  n  **  *  d  i  a  tn  i  n  ©, 


[C-(NO>)NT 


|in,    or    diAionitrobensolimido, 
[(C  ll*(WU  )N  )J  /  jj^  which  crystallisoe  in  oran^«-coloured  ne^^fiar  molting  lit  SJ"*. 

Tbo  5-perbn>niide  yields  in  tik«  manner  a  compoimd  baring  thft  same  compoaitioBt 
but  crysttiiiising  in  very  brilliant  yellow  rounded  pUtos  which  melt  at  71^. 

XrlbromooltropticiijlamlBe,  or  Trlbromoitltranllliie,  C*H'Br'(NO')N. — 
Pr«Mltj4HMd  as  alH>v6  bj  the  aetioo  of  bromine  on  azodinitrtKiiplii'uyUliamine.  To  obtain 
it  p«n\  th**  cthen*af  solution  is  ovapomted  to  diyne** ;  tlif  ^^»iduo  in  dtsaolTwd  in 
Wfirui  uleohLil ;  the  solutiiiu  is  mixed  with  watijr  till  it  Uftjmea  milky  and  deposits 
crystalfi,  and  rhe  eryittab  are  thrown  on  a  filter,  prewted  Wtween  »he*'tflof  fther-pii|ier 
to  remove  any  adhering  nitrubromobetiseDe,  ana  IWtho^r  purifled  by  ei^stalliaaUoti 
from  weak  alcohoL  It  cryitaUisea  in  Bmall  slightly  yeilowisb  plntea  which  cannot  hv> 
sublimed  witboiit  decomposition.     (Griess,) 

U.   BXBIT4T1TI9  OF  AxiLDTB   FORMSD  BT   BSFLACKnNT  OF  HfDBOaBK  MOT 
BKLONOUtO  TO  TBS  PHBITTL-BAniCLS. 


The  extra-radieal  or  typic  hydrogen  of  aniHne  may  be  repliveed  wholly  or  partially, 
both  by  acid  iLud  by  alcohol -radicles.  In  the  fiirmer  eaae,  noutml  or  acid  amides  art) 
prodaeod,  such  as  phenyl -aeetamido^*  (C"H*X'^'^H*0)HN»  phenyl -dib<ruxoy lam ide, 
{C*H*XC'H*0)*N,  &C.  Then*  compounds  are  doecril»fd  with  the  si^rerttl  seids,  or  in 
separate  Brtic)«>#«.  In  the  latter  case,  basic  amines  are  formed,  such  as  me fJiyl -aniline, 
((>fl*KCH')HN,  mcthyl-amylaniline,  C*H*X<^H»XC'H")N,  &c.:  tbe««  will  be  di- 
scribed  in  the  following  p>^<^  '^'''^X  ^'^^  prtKlneed  by  the  action  of  the  bromides  and 
iodides  of  the  aloohol-ndides  nu  anifitie:  thuse  in  which  the  whole  of  tht^  hydrogen  is 
rrpkced  by  alcobul-nidiclf4  are  capable  of  uniting  with  the  alcohol lO  iodides^  fbnniDg 
compounds  bolouging  to  the  ammonium-type  (see  PuEXTi^HMONitrMs), 

C-H') 

AUrias»Ulii«f  or  Allyloptietijlajiitn^,  C»H»»N  =  C'H*>N*     (H,  Schiff,  Ann. 


Ch.  Pharm,  Stippl.  lii,  364,) — A  mixtuie  of  aniline  and  iodide  of  ally  1  becomes  heaf*"d 
to  100°  in  a  few  minutes,  and  forms  a  very  soluble  crystalline  mass  of  hydriodate  nf 
allylaniline.  The  free  base  separated  from  this  salt  b^  potash  is  a  yeUow  liquid  of 
specific  gnvity  0982  at  2^^ ;  having  sn  odour  of  aniline  and  of  geraniums,  and  a 
buiming  taste  ;  slightly  soluble  in  water  Its  salts  tirt>  crystalline,  ensily  soluble,  and 
are  eobored  Tiolet  by  hypochlorite  of  caldum.  The  concentrated  solution  of  tho 
hjdrochlorate  giTcs  with  platmic  chloridf  a  dark  yellow  precipitate,  which  usually 
separates  as  a  resin  beooming  crystalline  alter  a  while.  It  is  slightly  soluble  in  water 
and  in  alcohol,  and  contains  2((7H"N.HC1)R»'CI*  (p,  469). 

The  fres  bass  treatsd  with  om^m/Aol  yields  heptylidene-diallyl-diphenyl- 
diamine,  (C'H'y(C»H*)\C-H>)»N\ 


^mylm^amm^  C^ 


H  1 


(Hofmann,  Chem*  Soc  Qu.  J.  iii.  397 ; 


Ann.  Ch.  Pharra.  Ixxiv.  153.) — Toobtain  this  base,  a  miJcturt?  of  anilini?  and  bromide  of 
a  my  1  is  set  aside  at  the  ordinary  temperature  for  several  days  ;  the  motber-Uquor,  con- 

•  iioit  to  PJkfn§4mtHmmHr  (p.  lift).  Thli  ccnnpoinid  li  eAiflr  pr^wtuceil  bt  prolonRi^  boiUng  (coIk^ 
b.itinn)  M  nn^hne  with  eoi>eemr&icd  mcriic  acid  (t^H^NX'^H^O^  ~  K^O  =  (.>H*NO).  On  lubttx^uvni 
dlnilLitiuri,  iheftinkle  paue*  ottr  and  ioMiApi  in  a  wlvite  |j«ralfin  Like  matt.  ItdtuoVvea  enol)  iu 
water,  alculio!*  ether,  btnien**.  Olid  iritat Ik  iHli;  cr7italll»c«  on  eooling  from  a  hoc  aqii«oui  «o>utlao 
III  tmall  coloiirleii  nMdJei  {  ft-om  oil  nf  Irmiiiu,  in  1arg«  oi«dlei.  U  melts  al  lOP,  and  bolU  at  HdtP 
(bJir.  at  7Winin.>.  Sprclfte  arairitjr  =  lO'Ii  at  lO'A**.  VMpour^dcniitjr.  ohc.  =  4  iOT— 4  ««7:  cale.  a 
4'^7\.  It  la  dtcam^BeA  bf  nydnim,  yUfUUnn  aniHoa  aud  a  imtsll  quaDtiif  of  aoother  iMuic  oU  (O  r  e  f  1 11 « 
VV  IllUmi,  Cbem.  Soc,  J.  xwL  tUfi.) 


Vot.  IV. 


Q  O 
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tisting  of  amjlaniline  and  bromide  of  amyl,  is  decanted  from  the  remiltiiig  OTitals  of 
hjrdrobromate  of  aniline ;  and  the  bromide  of  amyl  ia  diatilled  off: 

aC'H'N     +     C»H"Br      -       C'H'N.HBr     +     C^WnX. 

Or  a  mixture  contuning  a  larger  quantity  of  bromide  of  amy]  is  heated  in  the  water- 
bath  ;  the  excess  of  bromide  of  amyl  remoTed  by  distillation ;  and  the^  remainms 
hydrobromate  of  amvlaniline  decomposed  bypotash, whereby  the amylaniline  is acfianf ed 
in  the  form  of  an  oil,  which  may  be  purified  by  solution  in  ether,  agitatioB  with  water, 
and  evaporation  of  the  ether. 

Amylaniline  is  a  colourless  oil,  which  boils  steadily  at  258®,  haa  an  agreeable  odoor 
like  that  of  roees  at  ordinary  tomperaturee,  but  an  ofiensiye  odour  of  fosel-oil  when 
heated.  Heated  with  bromide  of  ethyl  to  100°,  it  is  converted  into  hydrobitnnata  of 
etlwlamylaniline,  and  with  bromide  of  amvl  into  diamylaniline. 

Its  compoands  with  hydrobromic,  hydrochloric  and  oxalic  aeida,  form  beantiftd 
crystals,  which  have  a  fatty  lustre^  dissolve  sparinely  in  water,  and  when  heated  with 
water,  rise  to  the  surface  in  the  form  of  an  oil  whidi  solidifies  on  cooling. — ^The  chkHO- 
platinate  is  precipitated  in  the  form  of  an  unctuous  mass,  which  cryataUiaea  only  after 
a  considerable  time,  and  when  a  portion  of  it  has  suffered  decomposition. 

DiAXTLAiviLDiB,  C'^H'^N  »/^mt|^-  (Hofmauu,  Ann.  Oh.  Fharm.  IzziT.lM.) 

Amylaniline  heated  for  two  days  in  the  water-bath  with  excess  of  bromide  of  amyl, 
yields  crystals  of  hydrobromate  of  diamylaniline,  from  which  the  base  may  be  aeparaled 
as  above.  It  is  an  oil  boiling  between  275®  and  280®,  and  having  the  odour  of  amyl- 
aniline. 

Its  salts  are  nearly  insoluble  in  water,  so  that  when  the  base  is  heated  with  dilute 
hydrochloric  or  su^huric  acid,  the  resultin|f  salt  rises  to  the  sui&ce  in  the  fonn  of  an 
oil,  which  on  cooling  solidifies  in  a  ciystalline  mass  having  a  £&tty  lustre. — ^The  piati- 
nwm-^t,  2(C>*H'*N.HCl)Pt>^Cl\  is  precipitated,  on  mixing  the  hydzoehlorate  with 
tetrachloride  of  platinum,  in  the  form  of  a  yeUow  oil  which  quickly  solidifies  to  a 
brick-red  crystalline  mass ;  alcoholic  solutions  immediately  yield  orstala. 

OetylaBlline,  Cn*H*N  i«  C*«H»>N.   (Fridau,  Ann.  Ch.  Fharm.  r^^^a  26.)— 

Iodide  of  cehrl  heated  to  100®  with  excess  of  aniline  yields  crystalline  hvdriodmie  of 
anilino  and  tree  cetylamine,  which  may  be  separated  from  the  crystals  by  means  of 
water  and  ether,  and  purified  by  converting  it  into  a  hydzochlorate,  decomposing  this 
salt  by  potash,  and  recr^stallising  the  free  base  thus  obtained  from  alcohoL 

Cetylaniline  crystallises  in  silvery  scales  which  melt  at  42®,  and  solidify  at  82®  to  a 
yellowish-white  mass  of  crystalline  rosettes.  It  is  insoluble  in  water,  enmij  soluble  in 
alcohol  and  ether,  does  not  precipitate  metallic  salts,  and  has  no  action  on  TegeCaUe 
colours. 

The  hifdrochlorate  cnrstallises  in  shining  plates. — ^The  chlaroplatmaie  (2C**H*N. 
HCl)  JH'^*,  is  precipitated  in  reddish-yellow  crystalline  fioeka  on  adding  water  to  a 
mixture  of  hydrochlorat«  of  ce^laniline  and  alcoholic  platinic  chloride.  The  niif^te 
crystallises  in  shining  laminse,  the  alcoholic  solution  of  which  is  partially  deoomposed 
by  evaporation.  The  oxalate  forms  colourless  confusedly  intenaced  needka.  The 
sulphate  is  the  most  soluble  of  the  salts  of  cetylaniline;  it  may  be  completely  aepanted 
from  its  alcoholic  solution  by  water. 

C«H») 

atbylanUlne.  C«H"N  «  C»H»VN.  (Hofmann,  Chem.  Soc.  Qn.  J.  iii.  286 - 
H  ) 
—Ann.  Ch.  Pharm.  Ixxiv.  128.)— A  mixture  of  aniline  and  excess  of  bromide  of  ethyl, 
gently  heated  in  an  apparatus  which  allows  the  condensed  vapours  to  flow  back  again. 
passes  into  spontaneous  ebullition,  and  afterwards  on  cooling  yields  crystals  of  hydio^ 
bromateofethyknUine:  C«H'N  +  C«H»Br  «  C«H'»N.HBr.  The  aqueons  eolutum  of 
the  hydrobromate  of  ethylaniline  is  mixed  with  concentrated  potash,  and  the  brown  oil 
which  rises  to  the  surface  is  removed  with  the  pipette,  dried  over  hydrate  of  potaasium, 
and  rectified. 

Ethylaniline  is  a  transparent^  colourless,  strongly  refracting  oil  of  sp^  gr.  0*954  at 
18°;  boils  constantly  at  204®;  smells  like  aniline;  does  not  piodooe  any  blue  ooloar 
with  chloride  of  lime :  colours  firwood  and  elder^pith  yellow,  but  much  less  strongly 
tlian  aniline.     It  is  soluble  in  alcohoL 

Decompositions. — 1.  Etiiylaniline  quickly  turns  brown  when  exposed  to  the  air,  or 
even  iinder  the  mere  influence  of  light — 2.  With  bromine  it  forms  a  neutral  (tribro- 
maniline  ?)  and  a  basic  compound. — 3.  It  takes  fire  in  contact  with  dry  cknmUc  fuid,— 
4.  With  2)Ii08geiie  gas  it  acts  violently,  forming  a  hydrochlorate  and  an  indiffeivnt  oiL— 
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6,  With  MuipkuU  of  mrihrn,  if  vlowly  jjiv»«*  tifT  «iilp|]urviU»il  hyJmgen.  -  6*  Q/ftna^fn 
ifns  pnaat4  through  alc^^hatic  pthjlatiLliiir,  forttu  su4>rt  pnaiiis  prubuUly  eotij^isting  of 
ejAiielhjrUmiinc,  C*H^^?7^.  Thi«  c«ompoaiid  u  MMTttti^d  in  the  pukf^ntlent  form,  on 
•dding  ammcinU  to  the  Aolution  of  the  orv«*t.i1»  in  oilute  sulphuric  acid:  iU  solution  in 
iolphune  actd,  on  being  mix^d  with  strc'iig  hydrochloric  noid^  dr^poditB  the  hydrochlo- 
rate  in  b«Atitifiil  oyiuL ;  ita  platunxnt-aalt  ia  vi^ry  loluble. — 7.  Ethylaniline  &bflorh« 
gaanoua  chloridi  ofeyanogtn  nptdlj  ftnd  witii  riie  of  tomp<M^tiire,  and  then  solidi- 
flea  on  eooUng  in  toe  fbrtn  of  a  realooiu  mixture  containing  a  neutrml  oil  and  the  hjdfO- 
chloratA  of  a  TuUtiU  oily  boM. — 8.  Ethylaniline  heiit^rd  for  two  days  in  the  wateiv 
bath  with  iodide  of  methyl  yields  crystaLi  of  hydriodnte  of  methyl-ethyl-&ntliii» 
(0*H*XCH*XC^*)K,HI,  In  like  niann«^r  with  hromid^  uf  tth^l  and  hr&midiof  amyf, 
it  yield*  the  hydrohpomatea  of  dietbybmiline  (C»H'XG'II*)*N/iuid  ethyl-amyl-aailiuo 
(C-H»X(?H»)(C*H")N. 

Comiinaiions. — The  salts  of  ethylaniline  disaolre  ^ery  eaaily  in  water,  lese  easily  in 
alcohol,  from  which  also  thf^y  crystallise  better.  The  sulphate  and  hydrodilorate  have 
ooiTetboen  obtained  in  the  solid  form.  The  hydrohrumaU-,  CH"N.HBr,  prepared 
as  above,  cryatAllis^^s  from  the  alcoholic  solution  by  spontam^ouii  eraporation  in  large 
tJiblrs.  At  a  gentle  heat  it  ffublimes  in  ne^^ilca  without  dr<*onipoeitton,  hut  when 
qniokly  lieat^,  it  ia  resolved  into  aniline  and  bromide  of  ethyL  It  diaaolvos  rery 
r«'ddily  in  water. 

Mtrcurtc  ckloridt  and  (Heklorid^  of  poid  added  to  hydrochlorate  of  othylaniline 
tiirow  down  yellow  oils  which  quickly  deeompo^. 

ChtaroplatinaU  of  Eth^andint^  2(0*Hi'N.HCl).Pt>*O*.— A  aatomted  a^necmji  sola- 
tion  of  hjdnjchlorate  of  ethylaniline,  added  to  a  concentrated  aolntion  of  platanie  chloride, 
tlirovrs  down  an  oil  of  a  deep  orange-yetlow  colour,  which,  altar  a  few  hours,  solidifi«« 
in  th(^  cryBtalline  form;  a  iioniewhat  more  dilute  mixture  deposits  alter  a  few  hours, 
Bpl^^ndid  ncedloa  an  inch  long,  which  must  be  WAdhed  with  a  mixture  of  ether  and  a 
liltie  alcohol.  The  cTyBfala  art*  permanent  at  100^,  and  dissolve  very  readily  in 
water  and  alcohol. 

(Hofmann,  Ann.  Cb.  Fbarm.  Uxir. 


BtYTHTLAyiUXE.     C'«H**N     = 


OH*  (« 


13^.) — The  hydrobromate  of  thia  base  separates  in  crystals  from  a  mixture  of  eth^l- 
auiline  with  a  Tory  larg^  excess  of  bromide  of  ethyl,  and  when  freed  from  adhering 
bromide  of  ethyl^  and  treated  with  potash,  as  in  the  prpparation  of  ethylaniline,  yields 
diethylanilins^  as  a  traasparent,  colourless  oil  of  sp,  gr.  0*936  at  18^,  boiling  i^ith  per- 
fect steadioMS  at  2 1 3*5^,  and  exhibiting  with  firwood  and  chloride  of  lime,  the  same  reac- 
tions as  ethylaniline.  It  remains  transparent  and  colourleisa  when  exposed  to  the  air. 
With  iodide  of  tthffl  it  yield*  iodide  of  triethyl-phenylammonium,  (CH»)*(C^*)NL 

Hydrohroniate  of  Ditthif I  aniline,  C'*H'*NHBr,  prepared  sis  above,  forma  large  four- 
sided  tablcjt,  which  at  a  gentle  heat  melt  and  sublime  in  necdk^s  without  decomposition  ; 
but  when  quickly  heated,  arc  almost  wholly  resolved  into  an  oily  distillate  consisting  of 
ethvlaniline  and  bromide  of  cthyL 

i^ktoropiatinatf  of  DUthyUiHilint,  2(C'»H**N.HCn.Pt"ClV  is  precipitiitHl  from  some- 
what  concentrated  solutions  of  hydrochlorate  of  dietbylaniline  and  tetrachloride  of 
platinum,  in  the  form  of  a  brownish-yellow  oil  which  s<x>n  solidifiea  in  a  hard  mass; 
lot  from  morv  dilute  solutiona  it  is  gradually  deposited  in  yellow  prisms  which  may 
be  purified  by  cnrstuliisation  from  al^hoL  It  is  less  soluble  both  in  alcohol  and  in 
water  than  the  pLttnum^iKLlt  of  ethylaniline.     (Hofmann.) 

'       C*H*Brj 

£-raTiJUu>MANiLtKB.     C*H»*BrN    -     CT*H'   >N,     Bromanilinc  treated  with  oxossb 

H      \ 
of  bromide  of  ethyl  is  quickly  converted  into  hydrobromate  of  ethylbromaniline  (p.  278) 
which,  when  treated  with  potash,  yields  ethylbromaniline  exactly  resembling  ethyl- 
chloraniline,     Ita  platinum-salt  is  a  viscid  oiL    (Uofmann,  Ann.  Ch.  Fharm.  Ixxiv. 
12A.) 

C«H'Ch 

ETttTixrHLOEJum.ix».     C*H'*C1N  =     C*H*  yN".— A  mixture  of  chloraniline  and 


H'Ch 
H    J 


ezeeaa  of  bromide  of  ethvl,  kept  fair  some  day  a  at  100^,  and  then  freed  from  aseesa  of 

bromide  of  ethyl  by  diatiUation  with  water,  leave.s  a  solution  of  hydrobromate  of  ethyl- 
ehlioraniline,  on  which  a  few  drops  of  the  base  float.  This  base  is  completely  sepanttvd 
by  potash  in  the  form  of  an  oil  of  high  botb'ng  point,  romalning  liquid  below  0**,  and 
having  an  odour  like  that  of  auise-oiL 

The  salts  of  this  base  oro  much  more  soluble  tlian  those  of  chloraniline. 
The  «»/pAii^  and  otalaU  cnrstallise ;  the  chhroplntinaU  does  not.    (IIofmannT 
Amu  Ch.  Pharm.  IxxiT*  143.)  ' 

a  o  2 
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DiiTHTLCHLOBAiniiHB.  C'«H"C1N  «  (QW^  ( ^'^^  mixtuTe  of  bromide  of  ethyl 
and  ethylchlomniline  dried  in  a  hot  cnrrent  of  air  and  heated  to  100^  fiv  two  daj^ 
in  converted  into  hydrobromate  of  diethylehloraniline ;  and  from  this  the  base  k 
separated  by  potash  as  a  brownish  oil,  which  is  parified  by  solution  in  ether,  fiead 
from  potash  by  washing  with  water,  and  from  ether  by  evaporation. 

The  solution  of  the  £ue  in  hydrochloric  add  yields  with  plaUnie  eiloride  an  orange- 
yellow  crystalline  precipitate  of  the  chloroplatinate  2(Ci«H'«aN.HCl)J?t^Gl«.  (Hof- 
mann,  loc,  ciL) 

Ethtl-alltl-anilixe.    C"Hi*N   »   C^^VN.— The   hydriodate  is    obtained   bj 

C«HM 
heating  allylaniline  with  iodide  of  ethyl  for  two  or  three  days,  as  a  OTStalline  inaa% 
Irom  which  potash  separatee  the  base  as  a  thick  jrellow  oil  having  no  charaeteristie 
odour,  distilling  between  220°  and  225°,  and  forming  soluble  salts.  An  tmd  osaUie^ 
C"H'*N.CH'0\  crystallises  from  a  solution  of  the  base  in  excess  of  hot  aqaeoasoacalie 
acid,  in  spherical  groups  of  small  needles.    (Schif  f,  Ann.  Ch.  Fharm.  SuppL  iii.  364.) 

ETUTL-AMTL'AMiLnni.     C>*H"N    -    C*H*  >N.     (Hofmann,  Ann.  Gh.  Fham. 

0»H»3 
Ixxir.  166). — A  mixture  of  amylaniline  and  excess  of  bromide  of  ethyl  {vid,  st^X  or  of 
ethylaniline  and  excess  of  bromide  of  amyl  or  of  iodide  of  amjlf  wliieh  acts  most 
qnickly,  is  heated  in  the  water-bath  for  two  days,  and  the  base  is  separated  from  the 
resulting  hydrobroraate  of  ethylamvlaniline  as  in  the  preceding  case.  The  ptodnet 
is  a  colonriess  oil,  boiling  at  262°,  therefore  only  4°  hi^er  than  amylaniline. 

When  heated  with  iodide  of  mfthyl  it  yields  the  iodide  of  methTl-ethyl-amHo- 
phenyUimmonium,  (CH«XC»H»){C*H"  )(C«H*)NI. 

Tlie  Hydrobromaie  and  Ht/drochhrate  of  EthylamylamUne  crvstallise.  The  fanner 
is  resolved  by  distillation  into  ethylaniline  and  bromide  of  amyl : 

C"H«N.HBr     «     C«H»»N  +  C*H»Br. 

The  ehforoplatinate  is  precipitated  in  the  form  of  an  orange-yellow  vise^  liquid^ 
which  solidifies  in  crystals  fusible  at  100° 

JCetliylaBlline.  C'H*N  ^  CH*>N.    (Hofmann,  Ann.  Ch.  Pharm.  Izziv.  150.) 
H  ' 

—This  base,  metameric  with  benzykmine  or  toluidine,  (C^')H'N,  is  produced  by  the 
action  of  iodide  or  bromide  of  methyl  on  aniline.  The  mixture,  which  shoold  be  made 
gradually,  to  avoid  too  great  a  rise  of  temperature,  soon  soUdifios  to  a  crystalline  mass 
of  hydriodate  or  hydrobromate  of  methyianiline,  from  the  aqueous  solution  of  which 
the  oilv  base  may  be  separated  by  potash. 

Methyianiline  is  a  transparent  oil,  which  boils  at  192°,  has  a  pecnliar  odour,  and 
colours  aqueous  chloride  of  lime  violet,  but  not  so  strongly  as  aniline.  Its  salts  are 
sparingly  soluble  in  water,  and  are  separated  from  their  aqueous  solution  in  the 
erystaUine  state  by  acids. 

The  chloroplatinate,  2(C'H»N.HCl).Pt»^Cl«,  is  precipiUted  in  the  form  of  a  limpid  oil, 
qaiekly  changing  to  pale  yellow  crystalline  scales  which  must  \ye  quicklj  waahed  with 
cold  wat^'r  and  dried.  They  soon  turn  black  from  decomposition,  and  when  a^WhoHf 
solutions  are  used,  a  black  mass  is  immediately  precipitated. 

The  oxalate  eiystalUses  readily,  bat  quickly  decomposes,  reproducing  A«ai»|A, 


C^») 
-  CH«  >N,  is 
C»H"3 


MaTHTL-AicTL-AJnLnia,  C*%**N  «  CH'  >N,  is  produced  by  the  distiUatioii  of 

C»H"3 

hydrate  of  methyl-cthyl-am^o-phenylammonium,  water  and  ethylene  being  gJTen  off 
at  the  same  time: 

[(CH>XC»fl»XC*H»»XC^»)N]HO     -     (CH»XC»H»'XC«H»)N   +   C«H*   +   HK>. 

It  is  an  oil  havinc  an  agreeable  odour.  The  chloropUUinate,  2(C'*H**N.HCl).Pt*'Cl*,  is 
a  crystalline  preapitate.    (Hofmann,  Ann.  Ch.  Pharm.  Itxix.  16.) 

C«H»] 
MsTSTL-BTHTL-ANiLnrB.    CH"N  »■  CH' >N.    (Hofmann,  Ann.  Ch.  Pharm.  hcxiT. 

cm»3 

152.>— Ethylaniline  heated  with  iodide  of  methyl  for  two  days  to  100®,  yields  crystals  of 
hydriodate  of^mcthyl-eth^l-aniline.  The  base  separated  therefrom  smells  like  ethyl- 
anilino,  but  is  not  coloured  by  chloride  of  lime.    Its  salts  are  wery  soluble  and  mostly 

uncrydtallisable. 
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»li«iirlaiaiiBM.~L  DirHJt$mjucoia,  C^'H^N     - 


C-H' 

H 


(HofmnQtif 


Ann.  Ch.  PhArtii-  axim,  163.)— Thw  bue,  iiomeric  with  xcojrbiiiina  (C"H")H'N,  it 
trrn*lucod  by  thfl  di«tt illation  of  Unphenyl-roaiuiiline  (aniliae-blue),  C*'H'*(C*H*)*K*, 
Wh^D  cummerci'd  aniUDe-bluo  is  subjcx!ted  to  distiUation,  a  fuiiill/  yelluwiitb  liquid 
i>dii8«5  oVf»r,iitiJ  when  the  port  too  which  diatik  between  280^ — 34)0^  is  mix*^  with  hj- 
dfsx-hloric  acid,  it  ttutnedtntely  MolidifiuM  to  »  hjdfochi orate,  spAnoglj  saluble  in  strong 
bydrueUloric  acid,  eaailgr  parifi«d  by  wiisbing  witb  akuhol  and  recryalftlliBation  from 
idctihul  Thin  Biilt  mixed  vrlth  mumotiia  yields  ooloodea  oil-dropi  which  BoUdify 
in  H  f<,'W  flcounds  to  a.  hiuxl  crydUlltue  mw»»  of  di|ihenylamm6. 

This  bane  is  also  found  Lu  HUittli  qu&utity  amougst  tho  producti  of  distillatioa  of 
fosaniliue,  leocaniline,  and  nii^laniiini*, 

Diphenylainlne  hiui  a  peculiar  odour  of  flowers,  and  an  arDmatic  tast^  with  hum  tug 
afUr-taate.  It  indts  at  iS'^  to  a  yellow  oil,  which  boils  constantly  at  310^.  It  is 
twarlf  inaoluble  in  vo^rr,  easilj^  sofuble  in  atcokoi  and  ft  her.  Neither  the  aqueons 
nor  tho  alcoholic  solution  oxhibita  the  alightcet  alkjdiue  reaction.  The  ezyslalB  treated 
with  eoncentrated  adds  an*  immediately  oonvcrted  into  the  oorrospondiiig  salts,  which 
howeTor  are  extremely  unrtable,  the  base  being  separated  from  them  eren  by  water  in 
oily  drops  which  soon  solidify  to  crystals.  From  the  hydioeMoraCe  every  trace  of  the 
base  may  bo  removed  by  prolonged  washing  with  water.  The  hifdrochioraie, 
C'^ff  "N.nCl,  is  obtained  bv  recrystalliaation  from  alcohol  in  white  needles,  which  soon 
turn  blu('  in  contact  with  the  air. 

J»tphonyUmine  and  its  salts  treated  with  strong  ni'M^r  ortcf  immediiitely  assume  a 
ffi^lrfulid  blue  colour ;  the  reaction  is  best  exhibited  by  mixing  th(>  Imse  with  hydro« 
chloric  add,  and  tht'ii  adding  nitric  add  by  drops ;  it  itn  Tory  delicate^  and  senses  to 
diNtin^ui^h  djphenyliimine  from  all  similar  bodies  cxe^^pting  phenyl -tolylamine  (p.  454). 
Till*  cH>miiioand  to  which  this  blu*»  colour  its  due  is  likewise  produced  by  the  a4!tiou  of 
other  oxiditiing  agents ;  thus  on  mixing  a  solution  of  the  hyunx^hlomto  with  platinie 
ckttrride,  a  blue  solution  is  furmed,  from  which  the  chloropladnato  separatea  only  oa 
vrrv  strong  concentration,  and  eren  then  deeply  ooloured. 

Wht*adiphesyliiniins  is  mixed  with  tofuufifltf  (benzylamiDc)  and  the  mixture  tTeat«d 
with  mercuric  chloride  or  argmic  dcvVf,  or  aay  of  the  othur  reagents  by  which  or- 
dinnry  aniline  is  conrerted  into  auilino-red,  a  ftiaed  mass  is  obtained  which  dis- 
m-lv^rs  in  alcobol  with  splendid  riolet-Llue  colour.  The  body  thus  formed,  which 
hii'«  th(>  cliaracff>r  of  a  true   dyu-sto^   is  probably  monophenyl-roaauiliDap 

An  alcoholic  solution  of  dtphctiylumino  mixed  with  bromine,  yields  a  yellow 
crystt^illine  pw^cipitiite  of  totrabromo-diphi*nylamine,  C*'H^Br*N,  probably  ^ 
(C*H'Br^)'HN.  It  is  sparingly  soluble  la  cold  alcohol,  and  separates  from  boiling 
aioiibo!  in  bt»iiutifiil  silky  cryHtah*. 

Diph»mylimiine   heated  with  chloride  of  Unzoyl  yields  diphenyl-henaamide^ 

^LoJ-.[N,  in  the  form  of  a  thick  oil  which  crystaUlsefl  on  cooling*    (See  pHunx* 

VBKZAMtDSS). 

2.  TAtFHKinrLaMncB.  C'"H'»N  -  (C*H*)^.  Diphcn^l-aniline,  (OSssmann* 
Ann.  Oh.  Pharm.  c  67.)— This  base  has  not  yet  been  obtained  dirvetly  from 
aniline  or  onv  other  phenyl-compound ;  bot  a  base  metameric,  or  possibly  identit^  with 
it  is  produced  by  the  distiilution  of  sulphate  of  dnnamyl  and  ammonium  with  titaked  Iluih  ; 

2[C^H'{NH*)S0»]   +   Ca"H*0»     ^     C'-H'*N   +   NH"   +    2H»0    ^   Cii'H'SW. 

The  distillate,  which  consists  of  a  dark  ycDow  oily  liquid  and  a  watery  ammoniacal 
liquid  containing  (he  or^ranicbaae,  is  boiled  with  carbonate*  of  sodium  or  dilute  pol«sh-ley, 
till  all  the  ammonia  and  volatile  hydro<'arbun,  &c.«  are  expelbxl;  the  ftxea  alkali  re* 
mcrved  by  repeated  washing,  &e.,  with  diniintshing  quantities  of  hot  water  ;  and,  aftcr 
tiii'  watt'f  haij  bfM'n  separated  us  completely  as  possible  by  decaiitation,  the  oily  base  is 
distilltHl  in  a  slow  stream  of  hydrogen,  the  temperature  being  kept  low  at  tin«t  to  e\^p- 
oratH  the  water,  and  tho  base  afterwards  distilled  off  between  140**  and  150**;  fiiis 
temperature  Hbould  be  kept  up  aa  long  as  poasiblo,  since  the  base  decomposes  at 
higher  tempeniturts. 

The  base  thus  obtained  Is  a  colourless  oily  liquid,  which,  on  exposure  to  the  air, 
be  "  mes  yillow  at  first,  and  afterwards  red.  It  lioUs  between  140^  and  160°,  and  dis^ 
00 Ives  sparingly  in  uraUr,  readily  in  afcithd  and  ether. 

Till*  Hultj^  are  very  unstalile,  all  of  thenip  excepting  the  cbloroplatinate,  decomposing 
spjntaneoui»ly  on  exposure  to  the  air  ritlier  in  aqueous  or  alcoholic  solution,  Tli« 
kydrnchloraU  crystallises  in  ahiimig  lamiiue  having  a  slight  tinge  of  rod     The  chtortf 
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piatinate,  2C»*H'«NCl.Pt»»Cl*,  separatea  on  mixing  the  alcoholic  hvdrochlorato  with  « 
moderately  strong  and  neutral  alcoholic  solution  of  platinie  chloride,  as  a  dazk  jellov, 
bulky,  flocculent  precipitat«,  permanent  in  the  air,  and  crystoUiaiDg  from  alcohol  of 
76 — 80  per  cent,  by  evaporation  over  oil  of  vitriol,  in  brown  glassy  aystals  belong- 
ing to  the  regular  system. 

An  aloohouc  solution  of  the  free  base  mixed  with  alcoholic  pUzHtUe  chloride,  fynm  s 
bulky  precipitate  of  the  compound  C*'H"N'PtCl\  Analogous  componndB  are  obtained 
with  mercuric  chloride  and  tUver-nUraU, 

The  base  C*"H**N  above  described  is  usually  regarded  as  triphenylaminis  bat  it  has 
not  been  shown  to  yield  by  decomposition  any  compound  of  phenyl,  or  any  of  theivoal 
products  of  decomposition  of  phenyl-compounds;  and  the  mode  of  its  fbrmatioD  seems 
rather  to  show  that  it  is  dicinnamylamine,  (C»H*)«HN.  With  iodide  of  ethj^,  it 
yields  the  compound  C~H»NI  =  (C«H»)(C^»)«NI  or  (CTI»XC»H»)«HNI  (see  phenyl- 
ammonium). 

Tolylanlllne»    Banajfanlltne,     VlMByl-^ljUunliia  or  Wt^mas^V^itmam^ 

amliie.    C'»H»«N  =  C^H^N.  (Hofmann,  Ann.  Ch.Pharm.aamL  292.)— Produced 

h) 

by  the  diy  distillation  of  a  salt  of  tritolyl-rosaniline  (toluidine-blue)  in  the  same  nuumer 
as  diphenylamine  is  produced  from  triphenyl-rosaniline  (p.  453).  To  prepare  tl^  a 
fK>lntion  of  crystallised  acetate  of  rosaniline  in  twice  its  weight  of  toluiaine  (bem^l- 
amine)  is  boiled  for  some  hours  in  a  flask  having  a  vertical  condensing  tabe ;  the  bue 
mass  is  then  distilled,  and  the  distillate  mixed  with  hydrochloric  acid  and  then  with 
water,  whereby  aniline  and  toluidine  and  other  bases  accompan3ring  the  pfaenyltdyl- 
amine  are  dissolved  as  hvdrochlorates,  while  the  phenyl-tolyiamine  remains  as  an  ouf 
layer,  which  usually  soliaifies  or  may  easily  be  purified  by  rectification.  The  resulting 
crystals  are  finally  recrystallised  from  alcohoL 

Phenyl-tolvlamine  melt^  at  87®  and  boils  334*5  (corrected).  It  is  much  leas  soluble 
than  diphenylamine.  Nitric  acid  converts  it  into  a  blue  substance  scarcely  distiiignisb- 
ablefrom  that  produced  in  like  manner  from  diphenylamine.  It  unites  witii  aeu2r 
forming  loosely  combined  compounds  which  are  easily  decomposed  by  contact  with  water, 
bv  heat,  or  even  by  evaporation  in  a  vacuum.  The  hydrocklorate,  C?*'H''N.HC1, 
obtained  by  addinff  concentrated  hydrochloric  acid  to  a  concentrated  aloohalic  solution 
of  the  base,  ciystiulises  in  lamins. 

Phenyltolylamine  fused  with  mercuric  chloride,  forms  a  dark-coloured  mass  which 
di solves  in  alcohol  with  splendid  violet-blue  colour,  and  probablj  consists  of 
diphenyl-rosaniline,  C«H"(C^»)«N». 

Jrhenyl-tolylamine  heated  with  ckhride  of  benzoyl^  forms  phenyl- tolTl-bens • 
amide)  (C«H»)(CrH')(C«H«0)«N. 

Vlnyl-anlline.  C«H»N  =  (C«H»)(C»H«)HN?  Acet^UaniUne.—A.  base  obtained 
together  with  other  products,  by  the  action  of  chlonde  of  ethylene  on  aniline 
(Natanson,  Ann.  Ch.  Fharm.  xcviii.  297).  It  is  probably  identical  with  ethylene- 
phen-ylamine,  (C»H«)"(C«H»)N  (see  page  466,  foot-note). 

b.  Plteayl-dlamlnea. 

These  are  diatomic  ammonias  having  2  at  hydrogen  replaced  by  phenyl,  and  2  or  3 
other  hydrogen  atoms  by  a  di-  or  tri-atomic  radicle. 

Hofmann  (Proo.  Boy.  Soc  ix.  277 ;  x.  104),  by  acting  upon  aniline  with  difaromide 
of  ethylene,  obtained  ethylene-diphenyldiamine  and  diethylene-diphenyl- 
diamine,  according  to  the  equations : 

2(C«H».H».N)  +   C»H*Br»     =     (C?H*)''(C«H»)«H»N«  +    2HBr. 

2(C«H».H«.N)   +   2(?H*Br«  «     (C«H*)«(C«H*)«N»        +    4HBr ; 

and  Schiff  (Ann.  Ch.  Pharm.  SuppL  iii  343),  by  treating  aniline  with  acetic  aldehyde 
(oxide  of  ethylidene),  has  obtained  two  compounds  of  the  same  composition  as  the  pre- 
ceding,  but  differing  from  them  in  physical  properties,  and  related  to  them  in  the  saaie 
manner  as  aldehyde  to  oxide  of  ethylene,  and  aoetal  to  diethylate  of  ethylene,  that  is 
to  say,  containing  ethylidene  (ii  698)  instead  of  ethylene.  Their  formation  may  be 
represented  by  equations  exactly  similar  to  the  preceding,  substituting  O  for  Bi*. 

Comi)ound8  analogous  to  the  second  of  these  bases  are  likewise  obtained  by  treating 
aniline  with  valerianic,  oenanthylic,  benzoic,  and  other  aldehydes,  the  general  eqnatioo 
of  their  formation  being : 

•^[TJN]    ^   2CH.0     =      WJN.  .    2aK). 


PllENYL-DIA^llNES. 


A   phfOjt-diMmisa  pontKiniDg   n   tnutomtc  radicle,   viz,   fomjt-HliphoiiTl' 
(_('H)^C?*fr)*HK*.  U  pr*jdue<>d  by  the  Actios  of  chloroform  on  anillDe  (Eofmaai), 


pontftiniDg   n   triatomtc  radide,    viz,    fomjt-^iphoiiTl-dj&miiiA, 
pr*jdue<>d 
Prod  Saj.  Soe.  ix.  230),  thua: 

2(C»H».H"K)   +   CHCl*     -     (CHnC^')*HN»  +   8Ha 

Grieis(AiiQ.  CL  Ph&rm,  cxzi,  2^7;  J&ltf««b.  1862^  ^  ^37),  bj  p&wiii^  aili^nii 
ncid   into  an  alcoholic   Bolutiott  of  onilmer  haa  obtaiDed  azodipheDjldtamioc^ 

C*'H"N*  »       N**    >N* ;  mad  simikr  compoiui<k  are  obtained  bv  the  action  of  nittouf 

Hi 
acid  on  alcoholic  aolntioDA  of  bromanilioe^  ehloranilinp,  and  tiitraDiHiia» 
I^utly,  melaoiliDe^  C"H"N',  mjay  be  regarded  as  cyaao'diphenyl-diamiiiiv 
CN    ) 
(C*H*)">N*«  and  the  base  C'*H'^N*,  prodaced  bj  thd  action  of  tetnchlond«  of  carbon 
H*    J 

CN     ) 
otiatiilio«^  MC/atiO'iriphetiyl -diamine,  (C*H*)'>H'. 

H*    ^ 


1.  Ethj/ltnt*ef}mpound$, 

SUi3rleae-dlpl&«P7l-dliMaiDe.  C'«H"N'  =  (C*H*)'*(C^*)*Hnf,— Thia  com- 
pound  is  obtained  bj  treating  broinide  of  ethylene  with  a  hu^  ezeeaa  of  aniline  (1  tdI, 
cf  the  former  to  4  toL  of  the  latter)*  The  mixture  mpidljBolioMea  toaerystiilline  mais, 
from  vrhieh  water  remorc*  a  oonaiderablf*  quantify  of  hydrochlomteof  nnilbe,  leartng  a 
brown  reainoTis  gabatancp,  which  gradnalJy  but  imperfectly  solidifiet.  This  iubstanctt 
form«  14  hydrochlorate  whieh  disBolrfe  but  eparingly  in  strong  by drochJoric  acid,  and  may 
be  readily  purified  by  repeated  crystallisation  from  boiling  alcohol.  On  mixing  the 
aqueous  solution  of  this  pure  hydrochlorate  with  potash  or  ammoitia^  ethylene^phenyl- 
diamine  separales  li  an  oil  which  quickly  eolidifles  to  a  crystaUine  mass  and  may  be 
purified  by  repeated  cryst^UiBation  from  dilute  alcohol 

Ethylene-diphenyl-diamine  iit  very  soluble  in  aleokol  and  eifur.  It  melts  at  5d^. 
With  hjf(irocJU9ric  acid  it  forma  the  hydpochlorate,  C**H**N^2HCi,  or  chloride  of 
ethyleno-djpbenyl-diammonium,  (C='H*)''[CW*yH*K',Ca',  which  when  treated  with 
fUstinic  cMoridt  yield*  the  chloropktiuate,  (Cm«)*(OH*)'H<N»Cl«J»t«'Cl^ 

Dihromid^  qf  ctkifl^fu  in  presence  of  alcohol,  cooTi-rta  it  into  diethylene-diphenyl- 


Etk^Unt-dipkenyt'dieihyldiaminf,  C'«H«*N«  ^  (0»H*)r(<^H»)«(C^»)«N*, 


then  separates  in  well-defined  prisms  sparingly  soluble  in  water*  more  soluble  m  alcohol 
When  treated  with  potash  it  yields  the  free  btvsc,  CH'^N",  which  is  also  cxystalllne  and 
melts  at  70^.     The  chl<frapiatinatf,  C'»n*N^lirt"Cl*,  cryeiallises  in  needles. 

IMettulena-^lplieiirl^dlamliie.     C'*H'"N*  -  CC^H*f<C«HVN*,— This  base  ia 

Sroduced,  n»  already  obfk'rred,  by  the  action  of  bfomidie  of  ethylene  on  ethylene* 
ipheny  l-diamine ;  uLso,  together  with  two  others  having  tlie  same  percentagie  composition. 
W  heating  1  vol  bromide  of  ethylenewitJi  2  vol  anmne.  It  waa  at  fiat  regarded  by 
Hufmaim  as  tthyhne-phenylaminx^  (U"11*)*(C*H*)N,  but  its  deportment  with  the  iodides 
of  methyl  and  ethyl  (p.  456)  show  it  to  be  a  diamine.  It  is  polymeric,  or  metapolymeHc, 
with  the  base  eidlea  vin^-jokenyiamine,  which  Natansou  obtained  by  the  action  ^f 
dichtoride  of  ethylene  on  aniline^  and  mth  phiha^idinit  (C'*H')H'N  (?),  which  Bua^rt 
found  among  the  products  of  decomposition  of  nitronaphthalene. 

Prtparatioft. — A  mixture  of  1  voL  bromide  of  ethylene  and  2  vol.  aoQIne  expo«^  (o 
the  heat  of  boiling  water  for  anhonr  or  two,  solidifies  to  a  crystalline  mass  consistini; 
of  hydrobromaCo  of  aniline,  tr^ther  wttli  three  other  bases,  purtly  free,  partly  as  hy* 
drobromatee.  These  bast'S  iire  eepurated  by  their  difiTeirent  degrees  of  solublitj?  in  alcohol 
the  first  being  extremely,  the  second  but  slightly  soluble,  and  the  third  insoluble.  To 
ofFect  the  separation,  the  solid  mass  is  distilled  with  water  to  remove  unaltered  aniline 
and  bromide  of  ethylene,  and  the  residue  is  mixed  with  stiv>ng  caustic  potash,  which  sets 
frtH>  the  pt)rti<jn  of  the  bauea  combined  with  hydrobromic  acio,  in  the  form  of  a  semisolid 
resin-  This  ia  wayluni  with  wntcr  and  redistilled  with  water,  whereby  an  additional 
cjUiintity  of  unaltered  aniline  is  expt'lled,  and  the  midnaiy  mass  is  treated  with  boil- 
ing Hpiril  (rnethjlHted).  The  insolubto  base  is  them  lelt  as  a  white  powder,  white  the 
other  I  wo  dissolve  in  the  spirit,  und  \hv  acAMtion  on  cooling  deposit  a  crystals  of  the  IcbS 
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soluble  baae,  which  is  diethylene-diphenyl-diaminf,  and  oonstatnteB  bj  hrthe 
lazgest  put  of  the  pFoduct^  while  the  more  solable  base  remains  in  sohifioii.*  The 
diethjlene-dii^enyl-diamiiie  may  be  purified  by  two  or  three  crystallisatknis  horn 
alcohoL 

Properties, — ^Diethylene-diphenyl-^amine  crystallises  in  snow-white  naereom 
needles,  tasteless,  inodorons,  insoluble  in  water,  soluble  in  boiling,  less  solable  in  cold 
alcohol,  soluble  in  ether  ;  the  solutions  are  neutral  to  regetable  oolonzs.  It  melts  at 
148^,  and  begins  to  boil  and  distil  at  ZWP,  the  greater  part  nndeigoing  deeomposition 
and  yielding  considerable  quantitaes  of  aniline,  tog^er  with  other  prodiiets  not 
examined. 

The  base  dissolves  easily  in  hfdrochlorie,  etdphurie,  and  nitrie  acid,  efipfteiaUy  oa 
gently  heating  the  liquids,  which  on  cooling  deposit  well  cnrBtallised  aalta.  The 
hydrcchloraU,  C>*H*^*.2HC1  or  Ci«H**N*a*,  forms  yellow  precipitatc«  with  awrie  and 
platinic  chlorides,  the  latter  containing  C>*H*NHn*Pt*'Cl«. 

The  base  is  not  acted  upon  in  any  way  by  bromide  of  ethylene,  eren  after  ptokoged 
contact  at  100°— IdO^';  but  when  heated  for  some  time  to  100°  with  the  iodides  of 
methyl  and  ethyl,  it  unites  directly  with  them,  yielding  the  compomids  C^H»W*.CH1 
and  C»«H'«N«.C«H»L 

The  methyl-compound,  when  freed  from  excess  of  methylic  iodide  by  distiUatioii  with 
water,  then  washed  with  cold  water  and  repeatedly  crystalUsed  from  boiling  water — 
mixed  in  the  latter  stages  with  a  small  quantity  of  spirit — is  a  cryatalliiie  yeDovish 
compound  which  may  oe  dried  at  100^  without  decomposition.  Oxide  of  surer  con- 
verts it  into  a  powerfully  alkaline  liquid  resembling  the  solution  of  hjrdmte  of  tetrethyl- 
ammonium,  and  yielding  with  hydrochloric  acid  and  platinic  diloride^  a  pale  yellow 
amorphouB  flatinum-salt  containing  2(C'«H"N*.CHH:!l).Pt'^a*. 

The  ethyl-compound,  C"H'"N*.C%*1,  is  obtained  in  h'ke  manner,  but  requires  longer 
digestion.  It  crystallises  in  yellowish-white  needles  which  melt  at  100^  to  a  yellow  oil. 
It  is  also  decomposed  by  oxide  of  silver,  3rielding  a  strongly  alkaline  eolation  which 
forms  with  hydrochloric  acid  and  platinic  chloride  the  compound  2(C**H"N'.CHK)1). 

2.  Ethylidene-compounds, 

By  the  action  of  acetic  aldehyde  on  aniline,  two  bases  are  formed  isomeric  irith  the  ethy 
lene  bases  just  described.  At  ordinazy  temperatures  the  action  takes  plaee  iriUi  great 
violence,  water  being  separated  and  a  thick  brown  liquid  formed.  Bat  if  the  two  liquids 
before  mixing  are  coolea  by  a  mixture  of  ice  and  salt,  and  the  aniline  is  kept  in  excess, 
a  more  moderate,  though  still  very  rapid  action  takes  place,  and  the  resnlting  mass  has 
only  a  slight  yellow  colour.  This  product  endosed  in  a  sealed  tube  and  iSt  to  itself 
for  some  weeks,  assumes  a  red  colour  which  becomes  darker  on  finally  heating  it  to 
100°  for  a  few  hours.  On  opening  the  tube,  the  water  formed  during  the  reaction  (p.  A54\ 
is  easily  decanted  from  the  thick  liquid,  and  the  latter,  after  being  freed  from  excess  of 
aniline  by  dilute  acetic  acid,  may  be  further  purified  by  washing  it  several  times  with 
water,  dehydrating  it  in  the  fused  state  with  chloride  of  calcium,  then  dissolTing  it  in 
a  considerable  quantity  of  ether-alcohol  to  separate  certain  fiocculent  imparities,  evap- 
orating the  solution  in  a  retort,  and  drying  the  residue  for  some  time  between  100? 
and  1 10°.t  The  product  thus  obtained  is  a  shining  ropy,  slightly  violet-ooloared  mass 
containing  etbylidene-  and  diethylidene-diphenyl-diamine,  which  may  be 
separated  by  boiling  alcohol,  the  latter  dissolving  easily  and  abundantly  therein,  while 
the  greater  pert  of  the  former  remains  undissdved  and  the  rest  separates  from  the 
alcoholic  solution  on  cooling. 

saiy1idene-dlplieB7l..aUunine,C>«H*«N*  ^  ((?R*y((yB}yHrj!P,  is  obtained  by 
repeated  crystallisation  from  hot  alcohol  in  spherical  groups  of  crystals  always  having 
a  fttint  vellow  colour;  in  the  perfectly  pure  state,  it  would  probably  be  coloarlees,  Whoi 
exposea  to  light  and  air  it  gradually  turns  reddish.  It  does  not  unite  with  the  weaker 
acids,  but  readily  with  the  stronger  acids.  The  sulphate,  nitrate,  and  hMdrocklarate  are 
so  extremely  soluble,  even  in  alcohol,  that  they  cannot  be  made  to  crystaJlise.  The  base 
deliquesces  in  hydrochloric  acid  gas.  The  acid  solution  of  the  hydrocdilorate  is  pte- 
cipitated  by  several  metallic  salts.  With  mercuric  chloride  it  forms  a  yellow  fioccu- 
lent crystalline  precipitate  of  the  chloromercurate,  2(C**H**N'.HCl)Hg  d*,  which  is 

*  The  more  loluble  and  the  iDioIuble  bate  hmve  the  same  percenUse  ecraipositkm  as  dicChjIene- 
diphpnjrl-diainine,  but  their  rational  fonnul«  hare  not  been  determined.  It  it  pral>aM«,  however,  that 
UicfurmerUethylene-phenylamlnc.  C^H'N  s  (C*H<)"(C*H>)N,and  thelatt«r  triethjieoa. 

triphenyltrf  amine.  C^H^^NS  s  (CfH<)S(C>H>)3NS.    The  former  U  probablj  alao  Identical  with 
Natancun's  TinyUphenytamine  (p.  4M). 

f  The  same  m<^hod  pprvrt  for  the  puriflcation  of  (he  product*  obtained  by  the  actloa  of  other  ald«- 
liydts  upon  aiuliuc,  to  bo  dctaibed  further  ou. 
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frt(M>tub]r'  iu  wuTcr,  \>\\t  cii^solvcA  in  rjcohol  MtitAUiing  bydrocKloric  ncid,  fbnning  a 
solution  from  which  flnlphydric  acid  Uirows  down  verj  finely  divided  mercuric  sulphide. 
At  130^  it  turns  red,  beginit  Uj  fune,  and  giv^  off  a  large  quantitj  ot  hydraonloric 
actd,  learing  tlw»  «>rapound  '2C*«H»'N*HgXll 

The  ihtoraplatinat<,  2(C*'H"N^HCl),Pt**Ci^  i^  a  yfilloimh-red  erystaliiBe  iimcipiute 
tntiuluble  in  water,  aJightly  soluble  in  nIcohoL 

Stotb^Udeae-dlplienjl-dlAmiae.   C"H"N^  -*  (C*6*)^C^*)'N*.— Thia  Uae 

I  CO  evaponiting  Lhc>  olcuhulic  Rulntion  aboro  mentioned,  aa  a  red  mainouir  mass. 


and  may  be  obiaim'd  hy  rtpoaXt^l  tiolation  in  alcohol,  and  rep«At«d  preeipitation  Ihim 
acid  aoliitJon,  in  solid  but  not  in  cryetalline  form.  It  may  also  he  prepared  by  the 
action  of  aniline  on  ozychloridf*  of  ethylidene  (ii.  599)  : 

(C»h*)*Cl«0    +     4C>H^      -       (C*h*)\CH*)*N»     +     2(C'H'N,HC1)     +     H«0, 

it  iWfTera  Aioai  the  mono«*thylidenat«d  base  in  ita  inferior  tendency  to  cryBtallise,  but 
n  tM'mbk's  ii  Teiy  doeely  in  solubility  and  in  ita  beharionr  with  actda.  lU  aoluiion  in 
hydnx-liloric  acid  givca  with  p/a/iiric cA/oriVZr,  an  orang«?H?olottr<'d  cryatalline  precipitate 
«H)nHi«tiDg  of2(C'*H"*N'.HCl>Pt"Cl*,  and  with  mcreum  chioride  a  yeUovriafa  flo«ni!ent 
pr^^ipitat**  of  th«  compound  2C'*H'«N*  ligXl». 

lk)th  i\\v  Hhylidono  baeea  imit«  with  iodide  of  ttkt^l,  ibrmilkg  oompoanda  probably 
Niniilar  in  cun&titutiuii  to  the  ethjleneHxtmpoimdfi  already  mentioned  (p.  456).  On  heal* 
ing  1  at,  of  the  diethylidene-baae  with  2  at  ethylic  iodide,  a  conatderable  poilion  of 
\h*'  bitter  remaina  uneombined,  but  the  rcaultiflg  compound  du«a  not  cryiftalliae  well, 
and  htm  not  been  analysed. 

3,  Phmfl'diamimes  containing  atker  Atdi  hifdt'radieles, 

maUrUdenoHllplieo jl-dliuiiliie.  C**H»*N'     [^jj!  l!  [  N'.— Producid  by  Iwat- 

ing  aniline  with  acrolnu.  Tb«*  action  ia  Tery  rioU'ut  ami  n^quirca  to  be  moderatt^l 
by  afi^^zing  mixture*  Thf^  pung«nt  odour  of  the  acrolein  \»  iustantly  d^troyod,*  and 
the  ppo^ltief,  trfnted  by  the  melhfKi  of  ptirificution  wbove  dej^jribtHl  {p,  456),  yidda  the 
diumint?  in  the  form  of  a  yi3>llow  inoJorous  maati,  which  dries  up  to  a  Tarniah,  and  if  it 
Htill  r«4ntna  a  slight  cxcesfi  of  uiiilinf",  aasumcs  a  fino  r«.'d  colour  when  dry.  It  ia 
iLi'^lul>te  in  water,  aliglitl^  §oluble  in  aleoboL  It8  units  have  not  been  obtained  in  tho 
cr)«tiillin*3  Btate.  The  hydn^cbloric  acid  jiolution  mixt'd  with  alcohol  yields  pulT(*j-ulpt 
ppiH'ipitatps  with  mi'mirie  and  pbvtinic  chloride.  Tln'  fy/*itinum-BttU  gave  by  analyBia 
21  24  and  21  38  ptr  cent,  pktinum,  the  formulti  2(^C  •H"*N^.HCl)PtCl\  requiring  2i'2 
p*'r  cent 

l>UziijUilene«41ptie8iyl-di«iniii«.  C«H»*N»  -    J^^1T?N'.— Produced  by  the 

arUon  iff  vttlt'niliiehydi*  on  unil inc.  The  action  ia  much  leas  energetic  than  with  acetio 
atdi'hyde;  nevertheless  it  ia  uttendt'il  with  coni^ideinible  riae  of  temperature  and  im- 
nii'iliut«;  iM^puratJon  of  wat^r.  The  [inxluct  puritied  aa  aboreia  a  thick  yellow  oil  hnTing 
a  bittiT  tjufte^  iuMdublc  in  wut^r,  easily  ttolnble  in  alcohol  and  ethffr.  It  do^ra  not  unit*) 
with  ucidti ;  the  alcoholic  fiolut ion  mixed  with  hydrochloric  acid  and  pUtinic  chlorido 
liud  vrnporutcd,  doea  not  yii'ltl  uuy  pbitinum-eult.  iloated  with  iodidt  and  t/rvitude  o/ 
tihift^  \i  yields  compouiida  having  Uie  eonsiiitenctj  of  turp*?ntinc. 

Altogether  this  and  the  following  conipounds  ditftir  considprably  in  their  prtipertiwi 
from  the  ethylidtne-diaraiQca,  occupying  indeed  an  intermediate  plac*^  U^twcen  l»aaic 
iituiueit  and  acid  amides,  and  perhaps  apprt»aching  more  n^'airlpf  to  the'  latter.  Nivcr- 
thple«s  their  rd  lit  ion  to  the  ethyli'lene  XmuL^  and  tbeir  cJipabiHty  of  uniting  with  the 
iodidea  of  ethyl  tind  methyl,  make  it  more  couvcnit^ut  to  rt-gxird  them  as  amlnca. 

IMt»ei»7Udeiif»-dlpbenjl-iU»mlne«    CT^H^N*  ^  J^gjMN'^—Thia  compound 

was  di^curercii  l*y  Lfiurent  and  Gerhnrdt  (Compt.  chim.  1850,  p,  117),  who  callt^d 
il  hrmiHt'tmtiHdf,  and  uH'*igned  to  it  the  formula  C'"11"N.  It  ia  produced  by  the 
net  ion  of  aniline  on  btttt^r  almond  oil-  The  two  tiodttw  act  upon  one  another  at  ordi- 
nary tempcratarea,  with  jsepiinition  of  water,  and  the  reaction  may  bo  completed  by 
heating  the  mixtnro  to  100*^  for  a  few  hours.  The  protluct  is  a  crystalline  maaa which 
TTuiy  be  punfl^Mi  by  repeated  erystallisation  from  hot  alcohol  or  from  alcohol  and  ether. 
h  then  fi>rm»  er)>taltine  platen,  according  to  Laurinit  and  Oerhardt;  Schiff,  howefvcr, 
obtuined  it  only  uji  a  yellow  crystalliiit;  ma&s.      Laurent  and  Gerlnirdt  found  that  it 


*    V  riii'lratnr  niMbtened  wUti  n  pht.iI  riuanot^  '^^  atiiUiie  Jiflbtil*  a  T«rjr  food  protctitloti  aBAla*^  tHe 
iiui  uicty  iti  iUUoft  vapuuri  of  HcrvUiti.    ( Si  li  I ttj 


458  PHENYLAMINES : 

could  be  distilled  without  decompofiition  and  was  thus  obtained  qtiite  ooIoveImb;  Uh 
according  to  Sdiiff  it  is  in  great  part  decomposed  by  distillation. 

Benzoin,  C**B}H)*,  heated  with  aniline  to  100^,  yields,  with  Bvpurmtitm  of  watsr,  a 
product  which  appears  to  be  identical  with  that  obtained  with  hitter  almand  oil,  hot 
crystallises  more  readily  from  ether.    (Schiff.) 

Dibenzylidenc-di^benyl-diamine  is  tasteless  and  inodorous,  reiy  fusible,  inwohiWe  in 
water,  very  soluble  in  alcohol  and  in  ether.  It  dissolres  in  hot  strong  kydroekiorie 
acid,  and  does  not  appear  to  be  decomposed  by  boiling  the  solution ;  but  is  unjmnM 
in  its  original  state  on  addition  of  ammonia.  It  is  not  dissolyed  bj  aoetie  mctd,  S|r 
boiling  with  strong  nitric  or  sulphuric  acid,  it  is  resolved  into  bitter  slinfiil  o3  aaci 
aniline.  Bromine  passed  into  tne  alooholie  solution  tluaws  do>wn  crystaUtne  tribrao- 
aniline  (Lauren  t  and  GerhardtV  It  does  not  form  a  chloioplatinate.  It  uttites» 
but  slowly,  with  iodide  of  ethyl.  When  1  at.  of  the  diamine  and  2  at.  iodide  of  ethyl 
arc  heated  together  for  two  days  in  a  sealed  tube,  a  considerable  portion  of  the  latter 
remains  undecomposed.  According  to  Borodin e  (Ann.  Ch.  Phsrm.  cad.  264),  ben- 
zoyl-anilide,  CH'^N,  unites  with  1  at  ethylic  iodide,  and  the  conipoaiid  boiled  with 
potash  yields  an  alkaline  mass  which  decomposes  by  distillation,  yielding  a  stionglir  al- 
kaline Uquid.  According  to  Schiff,  however,  the  alkaline  mass  thus  obtained  is  noCldBg 
but  a  mixture  of  the  original  substance  with  aniline,  which  passes  orer  on  distillation. 

The  diamine  when  exposed  to  the  air,  especially  if  moist,  assumes  a  bine-green 
colour,  and  is  ultimately  converted  into  a  coloured  amorphous  mass.  A  bine  cokmr  is 
also  produced  by  heating  its  alcoholic  solution  with  mtrie  acid  or  with  meremie  or 
platinic  chloride,  also  by  heating  it  in  scaled  tubes  with  ammonia^  As  the  diamine 
contains  the  radicles  phenyl  and  benzylidene,  the  blue  substance  prodnced  in  these  re- 
actions is  probably  related  to  the  aniune  dyes  (see  Appendix  to  Phxntulminbs). 

The  neutral  diamine  obtained  either  by  the  action  of  bitter  almond  oil  or  of  bensotn 
upon  aniline,  undergoes  a  remarkable  change  when  kept  for  some  months  in  sealed 
tubes  at  ordinary  temperatures,  or  heated  for  about  ten  hours  to  180^  and  at  last  to 
200^.  It  is  then  converted  without  change  of  composition  into  a  basic  substance  capa- 
ble of  forming  salts  with  acids.  The  basic  modification  is  a  brown  glassy  snbstanee 
much  more  soluble  in  alcohol  than  the  original  body,  less  cnrstallisable,  and  in  contact 
with  adds,  immediately  ac^raires  a  deep  i«d  colour.  Its  salts  are  spaiin^j  solubLe  in 
water,  easily  in  alcohol.  The  hydrochlorate  gives  precipitates  with  mercnrie  and  pla- 
tinic chloride.  The  jplaHnum-salt  contains  17'6  per  cent,  platinum,  agredng  with 
the  formula  2(C»H«*N«.HC1)RC1*,  which  requires  17*5  per  cent. 

This  basic  diamine  is  related  to  the  original  compound  in  the  same  manner  as 
the  ethylene-bases  to  the  ethylidene  bases  above  described,  or  as  amazine  to  hydro- 
benzamide;  it  ma^  thereforebe  called dibenzylenc- or  ditoluylene-diphenyl- 
diamine.     (Schiff.) 

Bemy  lidene-die  thy  I'diphenyl'di  amine,  C*»H««N«  «  (CH^HCH*)* 
(C*H»)«I^*. — Produced  by  the  action  of  bitter  almond  oil  on  ethyl-aniline,  generally  in 
the  form  of  a  resin,  which  may  be  obtained  in  solid  form  by  repeated  separation  firam 
its  metallic  compounds.  It  is  insoluble  in  water,  sparingly  soluble  in  alcohol,  mote 
soluble  in  ether.  It  does  not  form  definite  salts  with  acids,  but  its  solution  in  hydro- 
chloric acid  gives  a  white  precipitate  with  mercuric  chloride,  and  yellow  with 
platinic  chloride,  the  latter  containing  18*4  per  cent,  platinum,  while  the  fonnnls 
2(C«H'«N«  HC1)RC1*  requires  18-6  per  cent. 

This  ethylated  diamine  shows  a  still  greater  tendency  than  the  dibenzylidene  eom- 
pound  to  form  a  blue  compound  by  oxidation.  The  somewhat  concentrated  ^i^<*oho|Sf 
solution  is  dark  red  by  transmitted  and  dark  blue  by  reflected  li^^t. 

BlUeptyUdene-dlpHeByl-dlamiBe.  C»H"N«  =  l^^"/!^-—'^"*^^*'*^ 
oenanthol  act  on  one  another  at  ordinary  temperatures,  producinga  nse  of  temperatnie 
of  40° — 60°.  The  product  purified  as  above  is  a  yellow,  bitter,  oily  liquid  which  may 
be  partially  distilled  without  decomposition.  It  is  not  basic,  not  even  foiming  a 
chloroplatinate.  Nitric  acid  attacks  it  violently,  forming  a  brown  resin.  Sulphuric 
acid  quickly  decomposes  it,  eepedallv  when  heated,  into  oenanthol  and  snliJiate  of 
aniline.  It  unites  with  alcohohc  iodides.  When  heated  for  some  hours  to  100^  in  a 
scaled  tube  with  excess  of  amylic  iodide,  it  yields  a  yellow  viscous  body  containing 
218  per  cent,  iodine,  the  formula  C*H"N».C*H"I  requiring  22-06  per  cent 

Ueptylidcne-diallyl'diphcnyl'dia,hinp.    C^*H**N*  *  (CH»)«  >-N«— pro- 

(C«H»)«  } 

duccd  by  the  action  of  oBuanthol  on  allylauiliue : 

2    C»H»In       +   C^H"0     =     (C»H»)»}.N«   +   BHX 
L    H)    J  (C«H»)«j 


AZOPIIKNYL-DIAMINES. 


I 


It  tfl  A  yellow  oily  liquid  haring  a  bitter  toifte  and  a  very  strong  odour  of  gcnuuttaia. 
It  tiisAolvf^  iti  Btrong  eulphuric  acid,  and  on  addition  of  water,  port  of  it  aapantfig 
Lmalt«ml,  while  the  rest  is  decompoaed,  yielding  cBoanthoL    It  haa  no  biiaic  propcrti^flL 

(C'H'«r> 

HtptyUdene'diftkifl'dipkenyl^diamime,     C*fl»*N»     -     (C*H')'  W  — 

(C*H*)»  1 
Produced  by  the  aetion  of  fleoajithol  on  c^thylaniline.      It  ia  a  yellow  oil  which  turns 
brown  when  haated,  and  dittila.  with  some  deeonipoentioti,  betwean  216^  and  220^.     It 
doea  not  nmte«  cither  with  acidei  or  with  chkrridea. 

Action  of  Aniline  on  Cinnandc^  CuminiCf  and  Salicj/lic  AidfJ^fdet^ — Aniline  acta  on 
cmnataic  and  caminic  aldehyd<^  in  the  eame  manner  aa  on  thoae  above  mentioned, 
forming  diamines  whieh  have  no  basic  properties  and  do  not  combine  with  platinio 
chloride*  The  cintiamjc  compound  ia  reeinouH  ;  the  cttmintc  coniputiud  in  a.  thick  oO. 
The  rtuiixiotia  residue  left  in  the  distiUatioti  of  cnmiii-oi]  is  not  aifected  by  aniline. 

Aniline  likewiae  unitea  io  a  eimilar  MAnn«*r  on  salicylic  aldehyde  (fialif^yloun  acid), 
af  obeerred  Bomp  time  ago  by  Schischkoff  (CJompt.  rend,  xlv.  272)*  l*be  product 
i«  cryitalline»  and  conaista  of  diphenyl-Halieyl'diamido  or  salicylanilido, 
I  **n"N*0*,  a  compound  polymeric  with  phenyl-bensamide  C'*H»'NO,     Ita  fonna- 


Uon  iarct>i*«aeiited  by  the  equation :  2C'H"0   i-   2CnrN 


N«  +  2H*0. 


4.  Forfnyl'^ompound, 
rormjrI*4ti>l»«njl-dliiJEZiU)0.    C^»H»»N' 


(CH)'"  VN*.— (Hofman  n,  Proc.  Roy, 


H 
Soe*  il,.  229.) — Thia  compound  is  ibrmed  by  the  action  of  chloroform  on  aniline: 

4C*H'N  <-  CHCl'  -  C»"H'*N>.Ha  >  2(C>H^\Min). 
Chloroform  and  aniline  di*  not  act  on  one  another  at  ordinary  tern jjemt urea,  and 
scarcely  at  the  heat  of  boilii^g  water;  but  on  exposing  a  mixture  of  the  two  liquids  in 
iaalad  tubes  io  180^ — 130*^  for  ten  or  twrlre  houn^  a  hard  broun  crystalliue  mAfm  in 
obtained,  ^onsi^ttng  chiefly  of  th»^  bydroehloratefi  of  aniliue  and  formyldii'heuyl-diamine. 
To  purify  the  latter,  thf  brt;»WD  cryBtallin*^  mixture  is  trituratel  with  water  und  washed 
on  li  filter,  till  tlu*  precipitate  obtiitned  by  adding  jiotash  to  the  wai*h- wafer,  which  is 
iiX  first  oily  and  coneiiits  only  of  aniline,  gradually  exhibits  a  tendency  to  solidify  and 
ultimately  fiilla  as  a  yellowiah-whitc  eryntalHnc  substiince.  The  residue  on  the  Qltvr 
in  then  to  be  diatwlTtud  io  warm  (nat  lioiling)  water;  the  solution  i» filtered  fruni  a  hniMrn 
rewiQaB  ■ubslftDce,  and  precipitated  by  atnmoma  or  potash ;  and  the  crystalline  pn'cipt- 
tate  thus  obtained  ia  washed  till  free  from  alkali,  and  repeatedly  crystallised  frc»m  weak 
spirit 

Formyl-diphenyl- diamine  forms  a  whita  crystalline  powder,  or  aooietimes  minnta 
H-'alea,  generally  of  a  yeUoiAish  tint,  arising  from  &  trace  of  a  yellow  subatance  formed 
ilaring  the  react iun^  which  adheres  to  it  with  great  tenacity.  It  is  insoluble  in  water, 
but  disaolres  readily  in  aJcofud  and  eika;  and  in  precipitated  from  hot  solutions  by 
water  aa  a  yellow  oil  which  solidifie*  to  a  white  crystalline  maj*  on  cooling.  It  ia 
easily  diasolTed  by  aeids^  with  many  of  which  it  forma  crj'stjiilini'  ^atta.  These  «mits 
are  not  Tery  stable,  their  solutions,  especially  when  heated,  b^ing  always  found  to 
contain  more  or  leue  aniline.  With  pt?tash  or  4t/nmnnia,  they  yield  u  prwipitate  of  tb« 
l«u»e.  The  h*fdn>ehhraU  contains  C"H"N«.Ha ;  the  cUoropiatiiuiU  2(C'"n ""NVHCl K 
PlCl*. 

5.  Asopkenjfi-diamint4, 


H      i 


riess, 


Aun.  CL  l^uirm.cjtxl  267  ;  Jahresb.  1862,  p.  33«  ;  Phil.  Trans.  1864,  [3],  678,)— This 
compound,  which  contains  the  idementa  of  aniline  and  uac^phcnylaminv  (p.  431),  and  ia 
RCtt>r«liuply  regarded  by  GHeiwiis  dia^o-amitiobtrnfuf,  C*H*N*X'*H*(NU*),  is  produced: 

L  By  tlie  direct  action  of  aniline  on  saltg  uf  luopheoylamine,  the  nil  rate  for  example. 

—2,  By  the  action  of  aqueous  an'Uitie<aalt«  on  the  compound  of  luuphenyLunino  with 
hydrate  of  potaB£<iura  :  r-./p. 

C*H*N'.KHO   +    CHT^.nCl     -     C'*H"N»   ^   KCl   +    H»0. 
^.  By  the  action  of  nitrous  acid  on  nn  alroholie  solution  i^f  nxiiUue  : 
2C*H'N    +    NMM'  C"H»'N*    .    2H*0. 
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To  prepare  it  by  the  last  mentioned  reaction,  nitrous  acid  gas  is  slowly  passed  into 
a  cooled  solution  of  aniline  in  6  to  10  pt«.  alcohol,  till  a  small  portion  of  tJie  solution 
leaves  on  evaporation  an  oily  residue,  which  solidifies  to  a  crystgdline  resin,  or  till  this 
residue  begins  to  be  insoluble  in  dilute  acetic  acid.  The  brown-red  alkaline  solution 
contains,  together  with  azodiphenyl-diamine,  variable  quantities  of  phenol,  benzene, 
nitrate  and  nitrite  of  aniline,  and  nitrate  of  azopbenylamino  (p.  431),  formed  by  the 
further  action  of  the  nitrous  add  on  the  azodiphenyl-diamine.  On  mizinff  the  alcoholic 
solution  with  a  large  quantity  of  water,  the  diamine  separates  as  an  ouy  mass  which 
afterwards  solidifies,  sometimes  in  yellow  crystals.  It  may  be  freed  from  the  mother- 
liquor  containing  the  other  substances  just  mentioned,  by  pressure  and  washing  with 
cold  water,  and  further  purified  by  several  recrystalUsations  fk>m  hot  alcohoL 

Azodiphenyl-diamine  crystallises  in  golden-yellow  shining  lamins,  or  less  frequently 
in  needles.  It  is  tasteless  and  inodorous,  insoluble  in  water,  sparingly  soluble  in  cold, 
more  soluble  in  hot  alcohol,  and  soluble  in  all  proportions  in  ether.  It  melts  at  91® 
to  a  red-brown  oil,  which  solidifies  again  in  the  ciystalline  state  at  50^ ;  at  a  higher 
temperature  it  decomposes,  and  if  in  large  quantity,  explodes  violently  at  about  200^. 
It  is  insoluble  in  the  weaker  acids,  and  is  easily  decomposed  by  strong  acids,  with 
evolution  of  nitrogen.  It  is  only  towards  platinic  chloride  and  nitrate  of  silver  that  it 
exhibits  any  basic  character.  The  ptatinum-salt,  2(C'*H'W.HCl)J*tCl*,  separates 
on  mixing  tiie  alcoholic  solution  of  the  base  with  an  acid  solution  of  platinic  chloride, 
in  small  reddish  needles  or  prisms,  nearly  insoluble  in  alcohol,  etner,  and  water, 
easily  decomposible,  detonating  when  strongly  heated.  With  nitrate  of  niver  the 
diamine  forms  a  greenish-yellow  precipitate,  agreeing  approximately  with  the  formula 
C"H«»N«.NAgO». 

Azodiphenyl-diamine,  heated  with  strong;  hydrochloric  acidf  under  a  layer  of  ether,  is 
resolved  into  phenol,  hydrochlorate  of  anihne,  and  free  nitrogen : 

C"H»»N«  +  H«0  +   Ha     =     C«H«0  +  C'H'N.HCl  +  N«. 

With  bromine  in  ethereal  solution  it  forms  hydrobromate  of  azophenylamine,  whicli 
separates  out,  and  tribromaniline,  which  remains  in  the  mother-liquor  and  afterwards 
crystallises  in  white  needles : 

C'»H»N»   +  Br*     =     C^*N«.HBr  +   C«H*Br^   +   2HBr. 
Bromopicrin  is  also  formed  as  a  secondary  product    When  the  diamine,  dissolved  in  a 
mixture  of  alcohol  and  ether,  is  treated  with  nitric  acid  containing  nitrous  aeid,  nitrate 
of  azophenylamine  is  formed,  and  separates  in  white  crystals : 

C"H"N»  +   NHO»  +   2NflO"     «     2(C«H*N«.NH0«)  +  2HK). 

(C«H«Br)«) 
Azo'bromodiphenyl'diamine,  C^'H'Bi'N"  =        N"*      VN*,  or  Dtagoamido- 

H  i 
bromolyenzcne,  C«H*BrN«.C«n<Br(NH«).— Produced  by  the  action  of  biomaniline 
on  nitrate  of  azophenylamine  (or  azobromophenykmine)  or  of  nitrous  add  on  an 
alcoholic  solution  of  bromanilino,  and  purified  like  the  preceding.  It  exhibits  the 
same  properties  whether  prepared  from  o-  or  /3-bromaniline.  Itforms  yellowish-red 
highly  lustrous  laminae  and  needles,  very  soluble  in  ether,  and  melting  at  146*'.  In 
other  rtispects  it  resembles  azodiphenyldiamine.  'Ihe  plctinum-salt^  C"H*Br*N*.H'Cl*. 
PtCI\  forms  buff-coloured  capillary  crystals,  which  deflagrate  easily  and  are  nearly  in- 
soluble in  water  and  ether.  Nitrate  of  silver  added  to  the  alcoholic  solution  forms  a 
yellow  precipitate  of  the  salt  C'*H*Br*N«.NAgO*.    (Griess,  loo,  dt.) 

(C«H»Br»)«} 
Azo-dibromodiphcnyl'diamine,   C"H'Br«N*    —         IT*       VN*,  or  Diaro- 

H  ) 
amido'dihronuhbcnzenet  C*H*Br*N*.OTl*Br*(NH*),  is  obtained  in  like  manner  by  the 
Actiuu  of  nitrous  acid  on  alcoholic  dibromaniline,  as  a  bulky  yellow  precipitate  consist- 
ing of  a  network  of  interlaced  microscopic  needles.  It  is  but  very  slightly  soluble,  and 
usually  crystallises  from  alcohol  or  ether  in  small  golden-yellow  nmdles,  melting  at 
Ifiy-fi*^,  sometimes  in  yellow-brown  granules,  or  yellow  or  ruby-red  weU-developed 
prisms,  which  latter  however  are  converted  by  recr}'stallisation  into  the  golden-jeltow 
needles.    (Griess,  ^.  cit,) 

AzO'Chlorodiphenyl-diamine,C^*H*C[*N*  —        N**      >N»,  or  Diazoamido^ 


chlonpfprnzinr^  C*H"ClN».OH*Cl(NH»X  obtained  like  the  corresponding  bromine-oom- 
{lound,  forinM  yellow  needles  or  laminae  molting  at  124*6°. 

(OH«Cl«)» 
Azodichlorodiphenyldiaminc,Q^nV{)V^*  =        N"'       \Ji*  oi  DiaMoamido- 

H 


H        ) 

)on 
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dickicrohenMe%e^  C"H»C1*N*.CTI"0*(NH*W Ppodnc«!d  by  thi*  motion  of  nilpous  acid  on 
alcoholic  dichtor&nilinn,  crydt&LliflOB  iu  li^ht  salpbiir^yelloir,  ca[>iUar}r  D<*edlei8,  mrlt- 
iiig  at  126-6"',  iBsoluble  in  wat«T,  Tery  alightly  soluble  in  hot  alcohol  or  other.  Liki* 
t ho  ourreapoodixig bromine-compound,  it  docs  not  forniapUtinum-salt,  but  rather hohuret 
iik»  an  acid, being  loltiblo  without  docomposition  in  c&ujitic  pof^ish.    (G  rieta,  he,  Ht.) 

[C"H*(N0»)]*1 
Ago-niirodipk^npi^diamine,  C*^'S*^*0*  -  N*"  V^.Gt  Dia^oamidv' 

vittobengmt^  C*H*(NO*)N^C*H*(NO»XNH«).— Produced  by  the  Rction  of  nitrous  acid 
on  Ml  fdcoholic  iwlution  uf  a-  or  3-nitranilino,*  and  exhibtta  correaponding  isotDerio 
mod tficut ions.  Tho  orcompound  i«  maolublo  in  wat«r,  tc^  aparingly  soluble  in  alrobul 
jind  ether,  and  crystalliitra  fn>m  either  of  those  aolTonta  in  ruby-red  or  reddish-yellow 
priiim«,  tnoatiy  woll-dc^tn^d.     It  melta  at  195 '5^. 

The  ^-com pound  is  precipitati'd  as  a  yellow  ciyatallino  maaa  consiating  of  nil 
aggrpgate  of  p^ranulor  or  mosa«liko  microficottic  crystali.  It  is  inaoluble  in  wat^r,  Tory 
aparingly  aolublo  in  alcohol  or  ether,  meita  at  224*5''  to  a  nNldiFh-brown  oil^  ajkI 
detonatas  at  u  higher  tcmppmfuro.  It  i«  almost  wholly  indifferent,  not  forming  ft 
oompcnmd  ercn  with  chloride  of  platiDum.  With  an  alcoholic  solution  of  nlwr-nitratt^ 
bow«Ter,  It  forms  a  yellowiah^green  amorphous  precipitate.     (Grieaai,  loc,  eit.) 

(C«H*\ 

AAo^pbenyl-iiaptitbyl-dluiitiie.     C*«H"N*     »       ^      N«.    (GrieaSfFbU. 

Traus.  1864,  [3],  679.)— Thia  oomponnd  contains  the  ekmeota  of  a<cphpnylamloo 
and  naphthylamini%  and  is  regarded  by  Gnees  as  diajcobenMt-ne-atnidonttphihnltnft 
C*H'N'.C'*H'(NH*).  It  is  obtained  n»  a  nitrate  in  the  form  of  a  violet  eryatallinn 
pfmpit4it«  by  adding  an  aqueous  solution  of  nitrate  of  azophenylamine  to  an  alcoholic 
Bolution  of  imphthylamine : 

C«H»N»NHO»     +     C'*H"N       =       C"H'»N".NHO«. 

T\w  nitmtc  purifif*d  by  related  washings  with  cold  alcohol  and  recryataUiKation  fixim 
bat  alcohol,  forms  wcil-d«;£ncd  prtAmsofamaguifiocntgraas-greenoolourby  tnmamitt^d, 
but  ruhy<red  by  rejected  light.  It  is  almost  insoluble  in  WAtor  And  ether,  butdisaolTM 
frt^ly  in  hot  alcohol  and  scpa rates  almost  whotlj  on  cooling. 

The  nitrate  dccompowHl  by  ammonia  orpoUsb  jrielda  the  free  base,  which  rrystalHsofl 
in  Tery  bnlliant  nib^-red  pn^ma,  easily  soluble  in  alcohol  and  ether,  forming  yellow 
soturiuns  to  which  acids  impart  a  beautiful  vioUt  colour.  With  ptatiniechloridt  it  forma 
a  purpb**blue  erj'stalline  precipitatei  and  with  nitraU  of  tilittr^  a  yellow  pfedpttato 
compoBt-il  of  small  fine  needlea. 

6v    C^anophenyl'diamineM, 

There  are  two  deriTatives  of  aniline  which  may  be  classed  under  this  bead*  namely 
cy  an o - d  i  p h  e n^  1  - d i a m  i  n  e,  or  m e la n i  1  i  n c,  produced  by  the  octiou  of  chloride  of 
cjrnnogen  on  amlme,  and  cy  a n  o  - 1 r i  ph  e  ny  1  -  d  i  a  m  i  n  c,  by  the  action  of  tetrachloride 
of  carbon  on  aniline.  The  latter,  however,  is  more  probably  a  trinmine^  and  will  be 
described  under  that  head  (p.  465)* 

CFiiDo^lplienySHUsisliie  or  KfilanUloe,  C"H'»N'  -  C*H*CyN,C*H'N  - 
(C*E*)'l  (C*H»)n 

CN     VN',     might     also    be   repreaented    ae    carbo-diphenylHliamine,     €^*   >^, 

H»     J  fi«  ) 

(H  of  maun,  Ann.  Ck  Pharm.  liTii.  129;  lixiv.  8  and  17-) — This  compound,  which 
contains  the  elements  of  1  at.  aoilinf^  and  1  aL  cyanoptienyhLUiinu  (cyanilide),  is 
pioduced  by  the  action  of  chloride  or  bromide  of  cyanogen  on  anhydrotis  anihuc.  As 
cyiaophenylamiae  is  produced  by  the  action  of  chloride  of  cyuuogon  on  aniline  dia» 
Bolv^  in  anhydrous  ether  (p.  442),  it  is  probable  that,  in  the  reaction  now  under 
considoration,  cyanophenyliunine  is  also  produced  in  the  first  instance  and  immediately 
unites  with  a  molecule  of  free  aniline  forming  melajoiline, 

PnparatioH, — Wlien  giiscous  chloride  of  cyanogen  (obtained  by  the  action  of  ddorino 
on  moist  cy>mide  of  mercury)  is  paased  into  aniline,  the  gas  is  {ibsorbed,  with  OTeat  rise 
of  temperature,  whih'  the  liquid  acquires  a  darker  colour  and  thickens  toaciystallinemaas. 
This  mass  i^  to  be  ht'ated  till  the  czyatala  melt,  so  tluit  it  may  be  completely  aaturated 
with  chloride  of  cyanogen ;  the  clear  brownish,  non-cry BtallJne,  restnous  mass,  which  ia 
|>rodtiei»d  on  cooling  and conaists  of  hydrochlumte  of  nutaniline (togetbf^r  with  a  brown  oil 
insoluble  in  hydpochluricacidj  which  forms  in  greater  q nnn t  ity  as  the  chloride  of  cyanogen 
is  more  humidf  and  not  at  all  if  the  gas  baa  been  jireviouBly  pastied  over  chloride  of  cal* 

•  See  root*netc,  y,  Uflu 
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dmnX  ifl  diMolved  in  water,  the  solation  being  accelerated  by  addition  of  li jdraeUorie  aod 
and  boiling;  the  liquid  filtered  from  the  oil  is  precipitated  bj  potash ;  ftod  the  white 
▼iacid  precipitate,  which  immediately  solidifies  lu  the  ciystalline  form  (only  after  some 
time,  however,  if  it  contains  undecomposed  aniline),  is  washed  with  cold  water,  till  the 
whole  of  the  chloride  of  potaesiom  is  removed,  and  purified  by  two  cryvtaUieatiaoa  from 
a  mixture  of  equal  parts  of  alcohol  and  water,  whidi  ^elds  the  finest  czTStel& 

Properties. — Melaniline  forms  white,  hard,  easily  finable  lominK  and  bfoad  needlra. 
which  float  on  water,  but  sink  in  the  fused  state^  and  between  120^  and  ISiX^',  mdt  imo 
a  slightly  coloured  oil,  which  solidifies  in  a  crystalline  mass  on  cooling.  It  is  inodoiroH, 
but  has  a  bitter  persistent  taste ;  slightly  blues  reddened  Utmus,  bat  does  not  change 
the  colour  of  turmeric ;  it  acquires  a  reddish  tint  when  exposed  to  the  air.  It  disaolTVi 
sparingly  in  cold,  more  easily  in  l)oiling  water,  and  separates  in  small  aealea  on  ooolinjE. 
It  is  easily  soluble  in  alcohol,  etkcr,  wood-spirit,  acetone,  sulphide  of  cordon,  and  sSs 
both  fixed  and  volatile. 

Decompositions, — 1.  Melaniline  begins  to  decompose  between  150^  and  170^,  8^^Bg 
off  aniline  and  ammonia. — 2.  C&^ortn^-water  added  in  very  large  ezceaa  to  hydro- 
chlorate  of  melaniline,  completely  precipitates  the  base  in  the  form  of  a  reainooa  nasi 
probably  consisting  of  tricldoromelaniline.  If  the  chlorine-water  b«  gradoaliy  added, 
till  the  turbidity  thereby  produced  no  lon^  disappears  on  agitation,  tli  liquid 
filtered  from  the  resinous  precipitate  contains  hydrochlorate  of  d ichloromitlanilinf . 
— 3.  When  bromine  is  added  to  aqueous  hydrochlorate  of  melaniline  in  the  manner 
just  described  with  referc>nce  to  chlorine-water,  the  filtrate  deposits,  on  cTipora- 
tion,  needles  of  hydrochlorate  of  dibromomelaniline ;  and  the  mother-liqnor  mixfd 
with  a  laiger  quantity  of  bromine  and  evaporated,  yields  transparent,  yellow,  oily 
drops  which  crystallise  on  cooling,  and  probably  consist  of  tribromomelaniline : 
Bromine  acting  in  excess  on  hydrochlorate  of  melaniline  forms  a  resinona  snhstanee 
still  richer  in  bromine. — i.  Alcoholic  iodine  added  in  excess  to  hydrochlorate  of 
melaniline,  throws  down  nearly  the  whole  as  a  black  viscid  mass,  which  when  the 
quantity  of  iodine  is  less,  is  precipitated  in  smaller  amount,  while  undecompospd 
melaniline  remains  in  solution. — 6.  Fuming  nitric  acid  suddenly  mixed  with  an  eqa^d 
quantity  of  melaniline,  produces  great  heat,  rising  even  to  explosion,  attended  with 
slight  fuming ;  and,  when  gradually  added,  produces,  according  to  the  duration  of  the 
action,  orange-yellow  crystals  of  an  alkaloYd  with  violet  iridescence,  and  lemon-yellow 
prisms  of  an  acid  which  forms  scarlet  salts  with  nlkalis.  Moderately  strong  nitric  acid 
added  in  great  excess  or  heated,  likewise  exerts  a  decomposing  action. — 6.  Cyanogen 
^<u  passed  tlirough  an  alcoholic  solution  of  melaniline,  is  abuudantlj'  absorbed;  and 
the  liquid,  if  then  inclosed  in  a  bottle,  deposits  dicyanomelaniline,  the  odour  of  crano- 

gen  changing  at  the  same  time  into  that  of  hydrocyanic  add,  while  the  brown  mother- 
quor  contains  other  products  of  decomposition. 

Salts  of  Melaniline. — Melaniline  is  but  a  weak  base,  and  does  not  precipitate 
ferric  salts.  It  dissolves  in  acids  very  readily  and  with  slight  evolution  of  heat,  and 
neutralises  them  completely.  The  salts  are  colourless  or  slig^htly  coloured,  mostly 
crystallisable,  and  taste  very  bitter;  with  firwood,  chloride  of  Kme  and  chromic  add 
they  do  not  exhibit  the  colouring  produced  by  aniline-solutions.  They  are  precipitated 
by  ammonia  and  more  completely  by  potash  or  soda  (also  by  the  carbonates,  with 
evolution  of  carbonic  acid,  yielding  a  white,  quickly  CTTstaUising  precipitate),  bat  not 
by  aniline ;  neither  does  melaniline  predpitate  the  anfline-saltii. 

Hydriodate  qf  Melaniline,  C'«H*«N».HI.— Concentrated  hydriodic  acid  cooTCrts 
melaniline  into  an  oil,  which  sinks  to  the  bottom  and  gradually  solidifies  in  a  crystal- 
line mass.  It  decomposes  quickly  on  exposure  to  the  air,  with  liberation  of  iodiae. 
From  a  solution  in  boiling  water,  it  separates  on  cooling  in  oily  dropa  which  afterwards 
solidify.    It  dissolves  also  in  alcohol 

Hydrobromate  of  Melaniline.  C>*H>*N*.HBr.— Crystallises  from  water  in  steOate 
groups  of  needles  vciy  soluble  in  water,  less  soluble  in  strong  hydrobromic  and. 

Hydrochlorate, — The  aqueous  solution  does  not  yield  ciystals  by  spontanwos 
evaporation ;  when  dried  over  oil  of  vitriol  or  in  the  water-bath,  it  dries  up  to  a  dear, 
slightly  coloured  gum,  which  crystallises  very  slowly.  It  is  the  most  soluble  in  water 
of  all  the  salts  of  melaniline.  A  moderately  concentrated  solution  of  this  salt  mixed 
with  trichloride  of  gold  becomes  turbid  after  a  while,  and  deposits  fine  golden-yellow 
needles  of  the  chlitroaitraie,  C"H"NMICLAuCl».  With  a  concentrated  solution  of  the 
hydrochlorate  an  immediate  predpitate  is  formed.  The  chloroaurate  is  but  sliriitly 
soluble  in  water.  Flatinic  chloride  forms  with  hydrochlorate  of  melaniline  a  Uglit 
yellow  sliglitly  crystalline  predpitate  of  the  chloroplatinate,  2(C"H»*N".HCl).PtCl*,  and 
the  filtered  liquia  deposits,  after  some  time,  orange-coloured  crystals  having  the  sbbm 
compoHition.  The  platinum-salt  dissolves  in  a  small  quantity  of  boiling  water ;  it  is 
less  soluble  in  alcohol,  insoluble  in  ether.     Mercuric  chloride  forms  in   solutions  of 
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AtiLliii^  ft  white  |>rfieiit}iUte  easily  aolubb  in  bjdfoeliloric  tcidi  and  forming  a  sotution 
wbieh  dejpcwita  needv«  by  spooUncoiu  vtKpan^cn, 

HydrofiuaU. — The  aolatiaD  of  mdMiiline  in  wetk  hjdroflQoric  ftdd  jieUn  wtW 
devt>loped  crjitftk,  huTiiig  ft  Ikint  reddish  colour,  aom«iwhftt  aolubli*  in  watar,  li*»ii 
ftoluble  in  alcohol, 

NUrate  qf  MdaniJine,  C*»H»'N*jmO*.— CrjBt«lli«e«  on  cooling  from  the  hot 
•4)ueoQa  ftolotioa  so  eomojetelj,  that  the  iDOther*U(^uor  is  bnt  slightly  clouded  by  potash, 
and  not  by  aromonia.  The  n^edlei  ftwnme  a  fiuot  rcddivb  titit  by  ejLposun^  to  the 
ftir,  bat  are  olhftrwijie  purtuajient.  They  diaicdYe  idio  in  hot  alcohol,  but  are  nnirly 
inaoltible  in  «ihe& 

Afgmt^^itrttU  of  MctanUinr,  2C"H*'N*.KAi2^0',  ia  prc^-ipit^itod  immediately  on 

wiidug  the  alcoholic  eolufion  of  n]f<lajii]in«^  with  uqucou^  nitmte  of  silrer,  as  a  whiti» 

maift,  which  quickly  ug^^luti nates  to  a  r^ain,  and  must  b»*  ptrntied  from  free  mclaniliiiti 

by  trituration  with  alcohol ;  from  a  clear  alcoboUe  mixt<ii*  of  m^Iauilini*  and  nitrat«of 

.iilTcr,  the  salt  fleporatefl  altir  a  few  hours  in  hard  ctystallioc  geodes. 

O^taUU  of  MdanUiM.  C"H  "N'.C^HH)*.— Melanflitie  forms  crystals  with  exofss  of 
oxalic  acid.  These  ciystaLi  melt  whan  heated,  gire  off,  with  riolent  ebuUitiou,  i^qiuil 
Tolomee  of  carbonic  oxide  and  carbonic  anhydride,  Bm&Uing  strongly  of  auilocyHnic 
acid,  yi^d  a  distillate  of  anlliiie  and  a  beautiful  crystalline  sublimate  of  diphenyl- 
carbamide,  and  leave  a  clear  riscid  mass,  wiiii^h  on  cooling  solidifies  to  a  re«in. 
The  salt  disaolTee  ffpariogly  in  cold  water  or  alcoliol,  readily  in  boiling  water  or  alcohol, 
but  is  nearly  inaoliible  in  ether. 

The  phosphate  is  rery  soluble  in  water  and  cryatallisea  but  slowly. 

The  #«J>i«<r,  2C»'H**N'.8iPO*,  formf  stelkto  groups  of  rhombic  plates,  sparingly 
Soluble  in  cold,  frt>ely  in  hot  wut<^r ;  soluble  also  in  alrohol  and  (it her.  Melanihtiu 
added  to  auipkaU  of  copper  throws  down  a  flooculent  double  salt. 

DiuBOMOifKJLirtLiwm.  C'H'^BrN",  (Hofmann,  Ann.  Cb.  Pharm.  btrii,  148: 
Chem.  Soc.  Qu.  J,  L  299.)^ An  aqueous  solution  of  hydi\>chlonit(*  of  mehintlinf^ 
mixed  with  bromine  in  ermall  portions,  till  the  turbidity  b+'gins  to  bn  pt^rmnnenl, 
yi*4dM,  when  fikep<>d,  ernponitH,  and  cooled,  stellate  groups  of  uydrobromute  of  dibr<j- 
momelaniline«  which,  when  dissoWM  in  water,  ibrm  with  ammonia  a  white  crystalline 
precipiute,  aystaUisiiig  from  lnot  alcohol  in  wHite  Hcalee.  The  base  tastes  very 
bitter  in  its  solntioaa.  When  beait*d  abote  its  melting  point,  it  gi^es  off  pure  bfom- 
ftnilin^e  in  the  Ibrm  of  a  eolourlssi  distillato,  which  solidifies  in  a  yellowish  crystalline 
mass,  learing  a  resinoiis  mass  dmilar  to  the  recidoe  obcajned  in  the  distillation  of 
melaniline.     It  is  nearly  intolnble  in  water,  but  dissolves  In  alcohol  atui  i4her. 

Its  ht/drockloraie,  C**W^Br^l^\BCi,  crystallises  in  white  silky  neiKllen  grouped  in 
stars.  These  crystals,  when  immersed  in  a  smalt  qnaatiity  of  boding  water,  melt  into 
au  oil  m^bich  solidifiee  in  tho  crystaUine  form  on  cooling  ;  they  dissolve  spDriogly  in  water.. 

The  hot  satnmted  solution  of  the  hydrochJoratc  forms  with  plafinic  chloride  an 
orange  yeUow  predpitale,  which  on  oooiing  crystailiaee  in  golden -yellow  scales,  nf'arly 
in^IulilLiin  water,  sparingly  soluble  in  ether,  somewhat  more  in  alcohol,  and  containing 
2(C^»H''Br»NlHCl).PtCK    (Hofmann.) 

DtCHLOROiiEi.ANn.tKS.  C^Hi'dTI',  (Hofmann,  foe.  cit) — When  chlorine- 
water  is  grhJuaMv  added  to  hydrocblorate  of  melaniline,  till  the  turbidity  no  lonper 
disappears  on  ssritation,  the  filtrate  when  evaporated  and  cooled^  yields  bydrochlurute 
of  dicMoromelanilino  in  white  stellate  needles,  or  by  further  evaporatiim,  mm  a  yellowitth 
oil  which  solidifies  in  the  crystalline  form.  From  the  ttolutjon  of  thi»  salt  in  water,  in 
which  it  is  but  sparingly  noluble  (whereaa  it  dissokes  more  readily  in  alcohol  and 
stillmore  in  ether),  smnionia  prt^-dpitjites  the  baae  in  snow-white  fiakejs,  which  separate 
from  tha  alcoholic  srihitton  in  Imrd  crj-ttidline  laminae, 

Pfntinvm-Mait,  2(C**H*>Cl'K".HCI).PlCl*,— The  hydrochlorate  mixed  with  tetra* 
chloride  of  platinum,  yields  an  orange-yellow  crystalli  no  powder  whieh  must  be  washe^l 
with  ether. 

The  resinous  mass  precipitated  bv  mixing  hydrocblorate  of  melaniline  with  a  rery 
large  exce^  of  chlorine  water,  wbicn  biinfens  after  ft  while  info  an  amorphous  solid, 
exhibits  a  neutral  reaction,  and  is  insoluble  in  water  bnt  soluble  in  alcohol,  is  probably 
Iricbloromelaniline,  C*^*CTn'".     (Hofmann.) 

BtKtODOiiBLAifiLixE.  C"H**PN'.  ( H  o  f  m  tt  E  n,  Ann.  Ch,  Pbarm.  Ixrii.  1 52 ;  Chem. 
Soc  Qn.  J,  i.  303.) — When  chloride  of  cyanogen  in  pujssed  thr\*u^h  un  ethirenl  solution 
of  iodaniline,  a  cry6t4illine  precipitate  of  hydrochlontte  of  iodaniliiie  is  first  forme*!,  but 
if  the  passage  of  the  ga£  be  continued,  the  crystals  disappnix  and  th4>  entire  m;t»>iehmigeii 
into  a  tran^MLTent  resin  of  hydrocblorate  of  diniodomeluniline,  which  slowly  becomes 
crystalline.  From  this  ccmpouud,  potash  throws  down  the  base  in  the  form  of  a  white 
body,  which  crjKtallises  indistinctly  from  alcohol. 

Th*^  h^drocMorate  dissflTcs  simringly  in  water  and  separates  fi^m  the  boiling  soln- 
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tion  on  coolin^j;  in  oily  drops,  which  very  slowly  change  into  white  dTStalline  stam 
The  chlorojdatinate  is  not  very  crystalline. 

DiNiTBOMKLANiLiNK.  C'»H"N»0*  =  C'*H"(NO«)«N«.  (Hofmann,  Ann.  Ch. 
Pharm.  Ixvil  156 ;  Chem.  Soc.  Qu,  J.  i.  306.)— This  base,  like  other  nitro-deriTatiTai 
of  aniline,  is  susceptible  of  two  isomeric  modifications :  a.  prodaced  bj  the  action  of 
chloride  of  cyanogen  on  o-nitpaniline ;  /9.  by  the  action  of  fuming  nitric  add  on  mel- 
aniline.  The  two  modifications  closely  resemble  one  another  in  physicml  and  chemical 
properties ;  but  when  distilled  with  potash,  the  former  yields  w^  the  latter  3-nitzaniliDe. 

Preparation  of  a-nitromelaniline. — Gasoons  chloride  of  cyanogen  is  paaaed  through 
a  solution  of  a-nitranilinc  till  the  ether  is  nearly  eyaporated ;  the  remaining  ciyatalline 
mixture  of  undecomposed  nitraniline,  hydrochlorate  of dinitromelaniline,  and  IndifRnent 
yellowish  needles,  is  heated,  with  gradual  addition  of  water,  till  the  mass,  which  at 
first  melts  into  a  brown  oil,  is  almost  entirely  dissolved ;  the  liquid  is  cooled  till  the 
yellowish  needles  separate ;  the  colourless  filtrate  containing  hydrochlorate  of  dinitm- 
melaniline  is  mixed  with  ammonia,  which  throws  down  the  dinitromelaiiiline,  as  a  • 
quickly  crystallising  sulphur-vellow  mass ;  and  this  precipitate  is  freed  from  nitnn- 
iline,  with  which  it  is  generally  mixed,  by  boiling  with  water. 

Properties, — Nitromelaniline  precipitated  bv  ammonia  or  potash  fonna  a  acalj  crys- 
talline mass,  of  a  much  paler  yellow  colour  than  nitraniline ;  when  precipitatad  fiom 
idcohol  by  water,  it  forms  a  golden-yellow  crystalline  mass,  and  short  flat  mieroacopic 
needles ;  from  ether  by  spontaneous  evaporation  it  crystallises  in  larger  needlea.  It  is 
insoluble  in  water  even  at  the  boiling  heat,  sparingly  soluble  in  alcohol,  atill  leas  in 
ether.  When  heated,  it  gives  off  a  yellow  vapour  which  ccmdenses  in  brown  oily 
drops  chiefiy  consisting  of  nitraniline,  and  gradually  crystallising,  and  IcaTea  a  bruwn 
resinous  mass. 

Hydrochlorate  of  DinitromelaniUne,  C"H"(N0«)«N».HC1,  crystallises  in  flat  diining 
needles,  sparingly  soluble  in  water.  The  chioroplaiinate,  2[C"H'»(NO*)«N».HCl]PtCl*, 
is  a  yellow  crystalline  precipitate  which  is  sparingly  soluble  in  water  and  alcohol, 
insoluble  in  ether,  and  bums  with  a  slight  defiagration  when  heated.  The  nitrate 
is  sparingly  soluble.  The  oxalate  forms  efuily  soluble  crystalline  graina.  The  sulpJkat€ 
forms  white  crusts  which  dissolve  easily  in  water. 

IMoyanomelaniUne.  C'*H"N»  =  C>«H»«N».Cy«.  (Hofmann,  Ann.  Ch.  Pharm. 
Ixxvii.  100;  Lxxiv.  1). — A  saturated  solution  of  melanuine  in  cold  alcohol  absorbs  a 
large  quantity  of  cyanogen,  and  if  the  liquid  be  then  left  to  itself  in  a  dosed  vessel  for 
some  hours,  solidifies  to  a  crystalline  pulp  which  may  be  purified  bj  waahing  with 
alcohol  and  recr^'bUiIlisation  from  lx>iling  alcohol 

The  product  is  dicyanomelaniline ;  it  forms  yellowish  needles  not  volatils  without 
deoompositiou ;  when  heated  it  gives  off  aniline  and  cyanide  of  axnmoninm,  and  leaves 
a  resinous  residue  which  chars  at  higher  temperature. 

Dicyanomelaniline  dissolves  in  cold  dilute  acids,  and  if  potash  or  ammonia  be  im- 
mediately added  to  the  solution,  the  dicyanomelaniline  separates  out  nnaltered ;  but  it 
deoomposes  by  prolonged  contact  with  acids,  so  that  it  does  not  easily  yield  salts.  Iti 
solution  in  hydrochloric  acid  becomes  turbid  in  a  few  minutes,  and  deposits  a  yeUowidi 
confusedly  crystalline  mass  of  melanoximide  (p.  286)  the  mother-liquor  zetainiiig  aai- 
ammoniac  in  solution : 

C'»H'«N»   +   2H»0     «     C>»H"N»0»  +  2NH». 

Dic7«noroel-  HcUnoximide. 

anilioe. 

O.  Vbenjrltrlamlnes. 

These  are  bases  derivable  from  a  triple  molecule  of  ammonia,  H'N',  by  the  anbatitn- 
tion  of  one  or  more  atoms  of  phenyl  for  an  equal  number  of  hydrogen-atoms,  and  of  a 
polyatomic  radicle  for  a  number  of  hydrogen-atoms  corresponding  to  its  atomicity.  At 
present,  however,  there  is  but  a  small  number  of  compoundsknown  which  finn  bs 
referred  to  this  chiss. 


1.  CarbotriphenyUriamine.C^Wlil*  «  (OH»)»VN«.    (Hofmann,  Pioc  Boy.  Soc. 

L  284.)— This  base  is  produced  by  the  action  of  tetrachloride  of  carbon  on  aniline  • 

C»'   > 
3(C«H».H«JJ)    +  CCl*     -     (C^»)»>N«  +  4HCL 

H«  ) 

CN    ) 
It  might  also  be  formulated  as  cyano'triphenyl-diamine  (C^»)»>N«;   but  its  «^H^  of 

H«    > 


formation  shows  it  rather  to  be  a  triamine. 


ANIUNE-DYES. 
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AtpiMicm. — Aoilme  am)  tetnichbride  of  mrlion  do  not  nH  upon  (in«  firvAtlier  nt 
orffiiiaff^  lemperAturc*,  and  but  rery  »\ow\y  »t  100*^;  but  whfQ  a  mixfure  of  3^  pts, 
ftDiliZka  ftad  1  pL  of  tlu?  t^^trtwhlorid**,  both  id  the  aobjdrous  8fat«,  ia  hc&ted  to  17i)^ 
in  e^ed  tubes  for  About  thirty  hour*,  the  liquid  U  convi;tt«d  into  &  bWk  ma^s  whirh 
adhenw  ftrmly  to  tho  ftidi^^  of  the  tubet  uid  it  m  mixture  of  ii«Tpnl  bodie».  Wuter 
dimokDR  a  portion  of  it,  learing  a  mom  or  Ues  solid  nsiDi  and  the  aqueous  saludoQ 
jielda,  ou  addition  of  potaeh^  on  oilj  predpitjUe  coutaintnff  a  eonaidenibb  portion  of 
unchangied  aniline.  On  boiling  this  prcH:^ipitat«>  with  diittte  potJidh  in  u  D'tort^  tbe 
nnittne  distilB  orw^  while  a  Tiocid  mas  remain »  behind  wliich  gfradually  solid iflo«  with 
H  crjRtalUne  atmcture.  Waahing  with  cold  alcohol  and  two  or  thiv*?  cry^jtidlisationM 
from  boiling  alcohol  render  this  bodj  pprffrctly  white  and  pur«»,  while  a  wry  soluble 
Bttbst&Qfe  <^a  iptfudid  crimaon  ooloar  remiiinB  in  solution.  The  portion  of  the  black 
masa  which  ia  inaotuble  in  water  diieolrea  almost  entirely  in  dilutee  hydrochloric  iteid, 
from  which  eolation  it  it  precipitated  by  alkalia,  at  an  anjorphous  pink  or  dingy- 
coloured  precipitate  soluble  with  rich  crimaon  colour  in  aleohoL  The  gre;iti*r  part  of 
thtt  bodj  oooBiats  of  iho  same  colouring  principle  that  aocompAniet  the  white  crystal' 
line  tnbctanccL  Considerable  quantitiea  of  thia  cryBtaUiQe  body  are  alao  oocaHiouaily 
presf^nt  m  the  product  inaolublo  In  water. 

The  crystaluue  tubetance  is  oarbotri phenyl  triamine.  It  is  iuHolubh*  in 
water,  difflcultlv  soluble  in  alcohol,  soluble  in  ether,  Frt»m  the  hot  alc-ohoLic  sololton 
it  crjstalliaes  slowly  on  cooling  in  elongated  four- sided  plates  oflen  grouped  roaod  a 
common  centre.  It  disaolrea  freely  in  ucid^,  from  which  it  is  thrown  down  by  alkalis 
aa  a  dataling  white  precipitate.  The  hydrochloraU^  C"H"N'.HCU  and  the  chlora- 
floHnatt,  2(C'*H*'N^.HCl).PtCl\  are  extremely  soluble  In  exeeas  of  bydroehloric  acid, 

cr  I 

2.  M  e  I  a  D  i  1  i  n  c»  C"Hi*N^.  may  be  regarded  aa  carbo-diphenyl-triamine  (CH^)^  I N*. 

H'   J 
but  the  mode  of  formation  renders  it  more  probable  that  thia  body  really  oouajsta  of 

CM     Y 
cyano-diphenyl-diamine,  C*H')*>N*  (tee  p,  461 )» 
H*    ) 
a.  Kosaniline^  C**H**N\  and  some  of  the  colouring  matters  deriTed  from  it  are 
probably  alto  triamincs  ;  but  their  rational  formulas  stUT  remain  to  bo  determined. 

Appendix  to  Phen^hmnes, 

Tha  eolonftf!  temdendea  of  aniline  hare  long  been  known.  The  riolet^bhie  readion 
with  dikmde  of  lime,  which  is  the  ordinary  laboratory  teat  for  aniline^  was  discovered 
by  Bnnge  in  IftSfi.  Some  ^ears  afterwarde,  FrttZHche  showed  that  aniline  treatmi 
with  aqneouH  chromic  add  yield*  a  blai*ki«h-blu^  precipitate.  Beissen  h  i  rt«  in  18*^3 
notleed  the  blue  c«^lour  resnltiDg  from  lidmixiure  of  aniline  with  strotig  ftulphtiric  acid 
and  add  chromatie  of  potassium  ;  and  the  sub{*tanec  prcxJucing  this  blue  colomtiou  was 
isolated  in  18£6  by  Mr.  W.  H.  Perk  I  n^  who  showed  that  it  is  a  colouring  matter 
capable  of  being  fixed  upon  fiibnca,  and  thus  laid  the  foundation  of  the  vast  industry 
of  aniline  colourt.  Soon  afterwards  reds  of  various  shades  w^re  obtained  on  the  manu- 
facturing scale  by  heating  aniline  with  tetrachloride  of  tin»  arsenic  acid  and  vnrioiif* 
metallic  salts,  and  a  great  numbpr  of  other  dyes,  yellow,  green,  blue,  violet,  &c,,  have 
Wen  obtained  either  by  treating  anilin«-red  with  Tariout  reagents,  or  us  fleeondary 
products  in  its  preparation.     A  few  have  also  been  obtained  by  other  processes. 


Blacks  of  great  intensity  are  produced  on  calico  by  printing  with  a 
mixture  of  aniline,  chlorate  of  potassium  and  a  metallic  salt.  In  1863  Bilr.  Light  foot  of 
Accrinpton  patented  in  France  a  method  of  producing  aniline-black  by  printing  with 
a  mixture  of  2d  grms.  chlorate  of  potassium,  dO  grm.i.  aniline^  50  grms.  hydrochloric 
acid,  aO  grms.  eupric  chloride,  25  grms.  sal-ammoniac,  12  gnns.  acetic  acid,  and  I 
litre  of  Btaroh'paate,  then  exposing  the  cloth  to  the  air  for  tw^  diiyw,  and  Hxing  the 
coloar  with  an  nlluili.  The  black  thus  produced  is  rery  goo*l  and  dumblp,  but  ehe 
profeaa  hait  not  been  much  used,  bocanse  tiie  larae  qmtntity  of  copper  in  the  mintirri^ 
It  feuad  to  corrode  the  steel  scrapers  or  '* doctors  '  of  the  printing  machine,  and  more- 
over the  large  quantity  of  aeid  in  the  aniline-talt  and  in  the  oopper-sialt^  C4^iuiea  a  rapid 
destruction  of  the  vegetable  fibre, 

Bereral  methods  of  obviating  these  defects  hare  been  prQpoi<ed;  the  bent  appears  to 
be  that  of  Lauth^  which  consiata  in  replacing  the  soluble  coppcr-snlt  by  an  insoluble 
compound,  the  sulphide  for  exdmple.  This  compound,  when  printi'd  togethi^r  with  the 
chlomte  of  notassium  antl  hydroHilorst**  of  aniline\  It  gmdunlly  oxidised  by  tlii> action  of 
the  hypochlorous  add  or  of  chlorine  (pet  frre  hy  the  muiunl  action  of  the  salts  just 

Vol,  IV.  11  li  , 
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m^DtLoned)  and  conT^rted  into  gulphiite,  i>o  that  a  niUttii*  In  formed  siiinlaf  to  that 
used  in  lightfoot's  procecis.     A*  boweT**r  th*^ft»  in  no  «zc«flB  of  voluble  copper  wt«  or  of 
Umdd  preiMit,  no  oorrosion  of  this  senipen  or  lollen,  op  detrtnictioii  of  th«  TfifftaM^ 
I  itbf«  iiei4  be  feared. 

Aniline-black  thiw  produced  ha«  ft  nsry  deep  eoloor  and  rich  relvety  aspect.  It  » 
Sftid  to  bo  Tcry  ftt«t»  quite  inaohible  in  water,  boiling  »oap-loy,  alkali*  and  aotcU,  Th* 
Utier  tucn  it  grei*n,  but  alkalui  restore  ibo  oiriginal  tint.  Acid  cbronu^  ol 
deepeoi  Ihe  colour;  bnt  a  Strang  solution  makea  it  sUghtly  roBt^r.  It  is  d«i 
a  NtiY)iig  eolution  of  chloride  of  lime,  bat  reappean  niter  some  time  with  its 
'  df'pth.  The  colour  b  capable  of  vithfllanding  all  the  proc«wsc»  employed  fop  thm  po* 
ductioiJ  of  poae  and  red  madder  colow».    (Bidl.  Soc  Chim*  [2]  ii.  416^ 

AnlUiie-tkliis.      Blue  colonring  matters   aro  product  from  aniline   vodar  th« 

inftn*»nce  of  Toriouii  reagents,   as  by  ehlomte  of  ftotaswum   and   hydrochloric  and, 

L  qMotooi  acid,  peroxide  of  hydrogen  (Lanth),  ferric  chloride,  ferricyanide  of  pnl«*- 

mmn  (R  Kopp^  Eramen  drs  Matiire*  cohrante*  artificirlUs^  d.  68),  hydroehloric  acid 

I  and  peroxide  of  manganeee,  ferric  nitrate  and  hydrochloric  aria  (Schenrrr-Keetner, 

I  wbid,  p*  66).     Products  of  this  kind  harp  been  more  especially  Btndied  by  CalTert, 

I  Lowes  and  Clift,  who  hare  described  them  under  the  name  of  axurine, 

I       A  mneb  finer  and  more  permanent  blne^  now  designated  espeeiAlly  naanilin^>^lQ<^* 

la  obtained  by  heating  a  salt  of  rosanilinc  (nniline^red)  with  cxf*f*M  uf  aniline.     ThiA 

cokNinzig  matter  baa  the  composition  of  tri phenyl *rosaniliae,  C^H'^C^H^yK*.  i'lid  will 

be  deaenbed  a«  a  deri^ativ^  of  rosaniline  (p.  172). 

I       JLatllBO*t»rowti«     A   brown   aniline  dye,  patented  by   Q.    De   Lai  re  (LunJou 

I   Journal  of  Arts,  Dee,  1863),  !«  obtaincil  by  heating  1  pt>  of  f^sed   ttiiilinc-blti»?  wii'j 

4  pta.  of  anhydroua  hydr«>clilomt<*  of  aniline  to  240**  for  iMVcral  houra.      It  is  K>iable 

in  water,  alcohol  and  acidei.  and  \b  pprocipltated  from  the  uquoons  solution  by  Biidt& 

The  same  dye  ta  obtained  by  treating  arsenate  of  aniline  with  the   hydrochlorato 
(London  Journal  of  Arts,  Dec,  1863 ;  Bull  Soc,  Chim.  [2]  ii.  210). 

jawiiHwwi-H^^ftii  or  KmerftldlfiLe.  Almost  all  the  blue  eubetaneea 
aniMiie  bj  the  action  of  bypochloroos  acid,  and  the  other  reagenta  above  meolioa< 
become  green  when  treated  with  acida,  and  blue  again  under  the  influenea  of  alkali 
A  very  fine  bright  gre<^n  it  produced  on  cotton  by  printing  with  acid  hydfochloratip 
1  aniline  on  fabrics  prepar*-d  with  chlorate  of  potaesium.  This  is  called  emcraldin 
By  Kuhaequ(»ntJy  paaamg  the  clotb  through  a  i»olutioii  of  acid  chromate  of  potaaniun,  ^' 
colour  is  changed  to  the  deep  indigo-blno  called  azurine,    (Calve  r  t.) 

AmiUne-iiiiiiftle  or  Maitwe«  also  called  AniUinc,  Indisint^  Phenameine^  Fvdim^t 
line,  T^Kdme,    This  is  the  dye  diaoof'Bfed  by  Per  k  i  n  and  patented  bv  him  in  1 6611  , 
1984,  Aug.  26).     To  ^rtpar^  it,  a  oold  dilut*'  solution  of  the  sulphate  (or  anj  otl 
aalt)  of  commercial  aniline  is  mixed  with  a  solution,  also  cold  and  dUtit^  of  Mtddl 
mate  of  potassium  (bichromate  of  DotashX  ^^^^  mixtnre  being  well  atirred  and  lilt 
iiaelf  for  ten  or  twei¥e  hours.     A  black  precipitate  in  then  prtxluced  which  ia  collect) 
on  a  niter,  washed  with  cold  water,  dried,  and  digetrted  with  light   coal-tar  oil,  vhii 
difisolTi'S  out  a  black  tarry  substanra     The  residue  is  again  dried  and  digeated 
alcohiil,  wood-tpirit,  or  any  other  liquid  capable  of  disaolving  the  colouring;  ] 
and  the  clear  solution  is  separated  by  ^tiution  or  decantation,  and  diatilled  lo 
the  akohol  or  wood-spirit.     The  residue  then  remnining  is  aniline-purple. 

On  the  large  scale  this  proeeas  haa  been  variously  modified  by  diJl^reot 
ftt^rers.  Some  complete  the  operation  of  mixing  in  a  few  minutea ;  others  prolong  it 
eren  to  thirty -six  houra  Many  again  find  it  convcnifnt  to  employ  the  solution  rathef 
warm  and  concentrated,  the  b^mperature  and  degree  of  concentnttioti  depending  ate 
oa  the  quantities  employed.  Hydrochlorute  of  anilino^  obtained  by  diaaolring  aniline | 
in  commercial  hydrochloric  add,  isal^  frequently  used.  The  sulphate  ia  employed  tir 
a  state  of  paste,  ab  produced  by  trt^ting  niiiline  with  oil  of  vitriol  diluted  with  a  vrry 
little  water.  The  following  proportion s  are  recom men ded  bySchourer-Keitner: 
one  kilogramme  of  anilines,  a  cono^ntruted  st:ilution  of  from  800  to  1200  grammes  of' 
diehromato  of  potassium,  and  50fJ  grammes  uf  sulphuric  a4^id  of  sp.  gr.  1*84  (^tO**  Bm.^ 
The  puriftcation  also  is  often  differently  conducted,  more  espe.  liilly  with  the  view  rtf< 
avoiding  the  use  of  ^xpennive  eokeats.  The  black  precipitate,  after  wiishing  with  cM! 
WBter,  is  exhaniited  by  prolonged  ebullition  with  large  quantities  of  w^ater  («i>mt9Uaie0 
acidulated  with  from  I  to  2  per  cent,  of  acetic  acid),  whereby  the  colouring  matter  im 
dissolved.  The  filtered  solutions  are  coucentrated  as  much  as  poa«ibie^  and  whil« 
l>oiling  are  precipitated  by  cauetic  soda;  the  predpitate  is  washed  on  a  filter  with  i 
alkaline  solution,  to  remove  the  excesa  of  potass ic  chromate  together  with  a  rrdda 
colouring  matter  which  affects  the  brilliancy  of  rhe  purple,  then  treated  with 
water  till  the  alkuli  is  removed  and  the  Wii^hings  have  become  culoure^l ;  and  the 
eipitatc  is  allowed  to  dvxm,  whtreby  the  aijlline-|>urple  i&  obtjuntd  in  the  Ibrm 
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fiurt«.  V'err  oflea  llii^  pxtnietion  bj  boiling  water  and  [»r«y?ipitBttoti  bj  cavstie  smjii 
lire  repoftttHl  in  or(l«r  to  obtairt  the  colour  in  a  pur«  iitAt««  The  sUuliofi  of  the  pwti* 
ill  aLooaoI,  wood-«pirit  or  methylated  fpirit  jielda  on  »Ts{K»nitiou  a  re«ida«  of  a  miaout* 
appeamuie,  exhibiting  a  p«ctiliar  metallic  lustre  ^  re^nlliiiA  at  once  that  of  gold  and  thai 
of  ooppar.  It  ii  aoli3)l«  in  watm;  more  aolnble  in  acetic  adid,  and  the  aleohalfl,  aad 
poneflsM  extnordinaiy  ttnciorlal  powers. 

AuiliD>%-pttrpte  may  alao  be  obtained  hj  the  following  proeettM :  a.  Oxidation  of  a 
c>>ld  dilate  eolation  of  bjdrochJorate  of  amlini?  by  a  dilate  solution  of  chloride  of  lime 
(BoUej,  Beale  andKirkhamX  The  aniline  ia  thereby  conrert«d  into  a  black  pitt'h* 
like  maai,  the  weight  of  which  ia  not  more  than  one- tenth  of  the  quantity  of  aniline 
employ kI.  This  maae  eontaina  (a)  amllne-pnrplo ;  {b)  a  brown  colouring  matter  eol- 
ubla  in  alkaline  liqnida,  and  fc)  a  resinoiui  Bubstanoe  aolublc  in  alcohol,  eUier  and  nul- 
ptiide  of  carboD«  The  aniline<pnrple  is  extracted  by  water ;  it  is  more  difllcnlt  of 
purifii^iilion  thun  the  compound  prepared  by  Ferkin'a  method.  The  chlciride  of  line 
procefls  ia  more  economical,  but  th©  colour  of  the  product  i»  Icea  beautifitl  and  of  af«d- 
oeir  tint  tbun  the  preceding. — fi.  Oxidation  of  a  nilt  of  aniline  in  aqu(»oas  Holution  by 
parotide  of  m&n^Hneae^  or  by  peroxide  of  leatl  ^D.  S.  Fr  i  ce)  under  the  iutluenee  of  an 
acid.---^.  Oziiiation  of  an  anilino  salt  by  a  solution  of  pot&i>tiic  poroiangaoat^^  (G  reyiUe 
Williams),  or  of  fcrrieyanide  of  (lot^isdum  (R.  Siiiith),^3.  Oxiaation  of  a  salt  of 
aniline  in  aqueoua  fiolution  by  £it>e  chlorine  or  free  hypodtdorou^  acid  (R.  8mith)^  or 
by  the  double  chlond«>  of  copper  and  aodium  (Dale  and  C  a  r  o).*  Of  all  these  prooeaeea 
those  only  have  attained  inaufltnal  importance  in  which  chmmate  of  potaasium,  chlo* 
rate  of  potassium,  chloride  of  Ume,  and  chloride  of  copper  are  (employed. 

Aniline-purple  prepared  by  Perkin'i  proooaH  ie  the  aulphate  of  a  base  called  M  a  u  •> 
Tein^  baring  the  composition  C^^H**N*  (Per kin,  Ann.  Ch.  PhaniL  cxxxii.  201). 
On  adding  caUHtic  pc^ash  to  u  Bolutiuo  of  the  cuiumerciid  crystalliaed  product^  the 
colour  change*  immediately  from  purple  to  bluijih-violet,and  on etanding,  the  mauTeine 
aeparatea  as  a  cryHtailiuo  body  which,  after  waahing  with  alcohol  and  tlien  with  water, 
appt'ara  aa  a  nearly  block  glii»teuing  HUibvtancc  not  unlike  specular  iron  ore<  It  diJi- 
Bol\ree  in  alcohol^  forming  a  Tiolet  solution,  which  on  addition  of  acidt*  immediately 
assuiDt«  a  purple  colour*  It  is  insoluble  or  nearly  so  in  ether  and  in  benzene.  It  ia  a 
\9Ty  stable  compound  and  deoompoeet  ammuuium-saltji  with  facility.  When  strongly 
heated,  it  deoompoeea,  giring  off  a  baaic  oil,  which  does  not  appear  to  be  aniline, 

Aeetaie  qf  Hauvtim  is  obtained  br  dissolving  the  ba«>e  in  boiling  alcohol  and  acetic 
acid ;  it  crystalliaea  ae  the  liquid  cools,  and  may  he  puriiled  by  reczystalliaing  it  once 
or  twice.    It  ii  a  beantifu!  compound  haring  a  ereen  metallic  luatreu 

Carbonate  of  Mmtwine,  C"B^*N*.11*C0*. — Solutions  of  ma  uTeinequidil)'  absorb  Car- 
bonic add  irom  the  air,  the  colour  changing  ^m  violet  to  pttrpleu  To  prepare  the 
carbonate,  carbonic  acid  gas  ia  parsed  tmiongh  boiEng  alcohol  containing  nuiui'eiae 
in  aUBpfJOaion ;  on  leaving  the  liquid  to  itself,  the  carbonate  separates  in  iJfiemB  having 
a  green  metallic  redex.  On  boiling  ita  solution,  part  of  the  carbonic  acid  escapee,  the 
liquid  at  th«  same  time  aaauming  the  violet  colour  of  the  free  base.  In  the  wj  state 
the  Halt  deoomposee  very  quickly,  aiid  at  100'^  it  gives  off  the  whole  of  ita  carbonie 
add  and  acquires  a  dark  oHve-brown  colour.  By  analysis  it  was  fouud  to  contain  88 
per  cent*  CO^  which  is  intermediate  between  the  composition  of  a  neutral  carbonattj 
2C»'H»«N\H"C0".  requiring  61  perceot.  and  that  of  an  add  carbonate  C»'H»*1«*,H«C0", 
requiring  &  1  per  cenL  CO*. 

ifydriodiUe  o/Mauwine,  C^H'*N*.HI,  cryatallieea  in  prisms  having  a  green  metallic 
lustre;  less  soluble  than  the  following  salL  In  preparing  it  from  the  free  baae  it  ia 
neesasary  to  use  colourless  hydriodie  add^  as  free  iodine  would  decompose  iL 

^fdf^hromaU  qfMauveine,  C'^H'«N«.HBr.— F^pared  like  the  hydrochloratc,  which 
it  feaemblsi^  excepting  that  it  is  less  soluble, 

Hydrockhrateof  MauvtitUt  C^H^'H*.  HCl,  is  obtained  by  direct  combinalion  of  the  acid 
and  base,  and  separates  horn  an  alcoholic  solutioiL  prepared  at  the  liK^iling  heat  in  small 
prisms^  often  grouped  in  tufts  and  having  a  strong  green  metallic  lustre.  It  is  moderately 
soluble  in  alcohol,  leas  soluble  in  water,  and  nearfj-insotuble  in  ether.  The  chJ^yro^auratef 
C'H^'N^.HClJLuCl*,  pref»ared  by  mixing  the  alcoholic  solutions  of  the  hydrochlorate 
aud  Bimc  chloride,  separates  as  a  crysUUine  prodpitate  which  is  much  less  lustroua 
thau  the  platinum-salt,  and  appears  to  lose  a  portion  of  it*  gold  when  recirstaUised. 

The  cMoroptatinaU,  2((?'H«N».HCl>.FtCl*,  prepared  like  the  gold-ealt,  se^amtes 
from  cold  solutions  aa  a  green  cxTstalline  powder ;  from  moderately  warm  soluuona  in 
rather  large  crystals.  It  possesses  the  ^reen  lustre  of  the  hydrodilorata,  but  when  dry 
has  more  of  a  gold  colour.     It  is  very  slightly  soluble  in  alcohol. 

SulphaU  qf  Mauveine,  2C^H»*N*.SH'0*.-*Th'ui  salt  is  the  original  aniline -purple 
obtained  by  treating  aniline  with  acid  chromate  of  potat$^ium  and  sulphuric  acid« 

•  For  the  dalsi  of  tbe  Spedflcfttfoni  of  ttMie  %x\A  oitier  piil«Ql«<l  |>roc«iMS  r«r  Ibt  pripnratioB  o( 
■otUofl  iM»loun,  see  ik^mamCt  Rtport, 
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PIIENYLAMnCES: 


[  the  methodj  of  dyeing  with  aniline  purple,  «iee  Dmsro  (ii,  ^7) ;  bImv 
HoJ'tMann*9  Ki^ri^  p,  12d. 

Aallliie   Sed  or  84>sanlUite  l  also  called  liateine^  Fuchnne,  Atairine,  Ma^tnU^  | 
8o{ferino,  &c — It  luu  been  koown  for  Bomo  ye&rs  that  aniline,  when  Eiilyect«d  to  1" 
ftctioQ  of   vitrioua  reagente;  i»  capable  of  yielding?  products  of  a  deep   red   eolo 
The  pruductioii  of  this  red  eolour  by  the  actioti  of  elrong  nitric  acid  on   aoiltoe 
oboenred  bj  Hofrniinn  in  IS43,  utid  ubuut  the  irnme  time  by  2intn.     Hofinanftl 
&hso  found  tlmt  a  dark  iwl  liquid  ia  produced  on  mixing  sulphate  of  aniline  with  femftJ 
•ulphatj^;  and  Na  tans  on  in  18^56  obsfrrod  a  red  subeitiLnce  among  the  prodnetfl  ofthi 
bctioti  of  Dutdi  liquid  upon  JLuilinf".     But  it  was  only  in  1858  that  the  fonoattofi  of  4 
crimson  eolouHng  principle  and  some  of  its  chorjict^ristic  properties  wore  first  d«#>i 
Bitoly  pointed  out  by  Hofraann,  who,  in  studying  tho  action  of  tetrachloride  of  cariiQttl 
upon  aailiuc,  obstTred  and  described  the  formation  of  a  basic  substance  which,  *b^j 
disaolired  in  alcohol,  imparts  to  this  liquid  a  magnificent  criTOsoa  colour  (»#*o  p.  466  i.* T 
Since  that  time  anQine-reda  haro  been  produced  by  treating  aniline   with  a  g^^ilil 
variHy  of  rt*ag*^nt»,  the  most  important  of  which  are  tetrachloride  of  tin,  mrseoic  idU 
nitric  acid,  mercuric  nitrate  and  ferric  chloride.     Patents  have  also  been  taken  Ottt  f 
the  preparation  of  those  colours  by  the  ebullition  of  aniline  with  &tannan%  me 
and   mercuric   aulphates;    with  ferric,  immic^  argentic  and   plumbic  nitnitet; 
stannic  and  mercuric  broniidea  ;  with  iodine,  stannic  iodide  and  iodoform;  withmei 
ehlorate,  bromate  and  iodate;  and  with  pentaehloride  of  antimony;  also  by  the  action  <i| 
an6monic  oxide,  penMcido  of  bismuth,  Kt^inic,  ferric,  mercuric  and  enpric  oxidrs  on  br-" 
dmchlorate  or  siilpliate  of  aniline  at  thf>  tempprature  of  180*»     The  greater  nniuber  f*f 
these  proce««es,  howerer,  are  of  but  little  value  ;  we  proceed  to  deacribo  those  which 
are  actually  practised  on  the  manufacturing  scale» 

1.  Frtymradon  of  Aniline-rtd  by  Tttrachhridc  of  TYn.— This  process^  dinotofd 
by  Messrs,  Verguin  and  Kenard,  of  Lyons,  was  the  first  by  which  miiline-nd. 
was  prepared  for  industrial  use.  A  mixture  of  10  pts*  aniline  and  6  to  7  pti 
tetrachloride  of  tin,  either  atihydrouii  or  hydrat-ed,  is  heated  to  ebullition  for  fifteen  ^ 
twenty  minut«#t,  the  liquid  becoming  at  first  yellow,  then  red,  and  being  lUtimat^lf 
conTertttl  into  a  nearly  black  mass.  The  mixture  is  left  to  cool  and  then  treat/xl  win 
a  large  ti^antity  of  boiling  water^  which  acquires  a  magnificent  red  colour,  andwitj 
any  further  preparation,  formsa«pIt"ndid  dye-bath  for  silk  and  wooL  It  Is  Ibimdhi 
however,  to  precipitate  tlie  colouring  matter  by  partially  Baturating  the  eonm^tj 
liquid  with  carbonate  of  eodium,  and  adding  common  M»ilf.  The  uniliDe-red  is  then  j 
cipitated  in  the  Bolid  state,  and  h»s  only  to  \n^  dj^soked  in  water,  alcohol,  or  acHic  i 
to  prepare  a  dye-bath  for  imbuing  silk  and  wool  with  the  most  benutiful  rotfeate  tia 

Anhydrous  mercuric,  ferric  or  cuprie  chloride  may  be  mbq^  in  the  preparation  inste; 
of  the  vtannie  chloride. 

2.  Prfparatum  of  Anifinr-rtd  mth  Arsenic  Add. — This  process,  which  ia  one  of  thtj 
beat,  was  discovered  by  M  edlock.     It  consists  in  combining  arsenic  acid  with  a  «li| " 
excess  of  aniline,  and  hejii  iug  the^irystaUiQc  mas.Hover  a  slow  fire  to  aboat  120 — 140**,  c 
being  tiiken  not  to  exceetl  160^,     The  proportions  recommended  are  12  pta,  of  the  C 
acid  of  commerce  (which  is  chiefly  a  dihydrale  containing  135  per  cent  water)  toll 
pta.  of  aniline,  with  or  without  the  addition  of  water.    The  operation,  according  to  thtt  | 

;  icale  on  which  it  is  carried  out,  requires  from  four  to  nine  hours  for  completion.     A  j 
perf&clly  homogeneous  fluid  niiiss  is  thus  obtained,  which  on  cooKng solidifies  to  a  hard  j 
anbstanec  wllfi  metallic  lironze-coloured  luKtre»     When  dissolved  in  boiling  water  it  ( 
prodncf-8  a  fioliilion  of  gn-at  richneas  sind  purity  of  colour.     From  this  fofution  th« 
colouring  matfer  may  be  prrt'ipitated  almost  free  from  arsM?nie  by  addition  of  a  slight 
excess  of  soda.    The  precipitate  is  ooUected  on  filters,  washed  with  a  little  cold  water, 
and  redieaolved  in  acetic  acid, 

3.  With  Mercuric  Altr ate.  (Gerber- Keller's  process.) — 7  or  8  pta^  of  pnlretued 
mercuric  nitrate  are  gradually  added,  with  constant  stirring,  to  10  pt8»  of  aniline  heated  i 
in  a  w»t<*r-bath  (tix*  high  a  temperature  might  cause  a  violent  and  esplosiTe  reactiaD). 
The  operation  lastJi  eight  or  nine  hours,  at  the  end  of  which  time  the  mass  becomMof  a 
magnificent  vioIet-r<4  colour.  This  constitutes  the  a z al e  i  n  e  of  commerce.  Ihe m«^ 
ctiry  is  reduced  during  the  process  to  the  metallic  stole,  and  may  be  iis«d  m^uMt  ibr 
the  prepjiration  of  the  nitrate. 

4.  Wi Lh  Nitric  Aeid,  (L a  u  t  h  and  D  e  p  o  u  i  11  y  *  s  procesa.)^ — This  pioeess  ought 
more  properly  to  be  called  treatment  of  nitrate  of  aniline  with  aniline,  as  it  requirf^ 
the  aniline  to  be  in  excess.  The  mixture  is  heated  to  about  150^ or  160°,  oare  being  t  * 
to  remove  the  heat  as  soon  as  the  reaction  becomes  at  ull  lively.  Ai\er  aorezvl  i 
B  mass  is  obtained  of  a  fine  violet^rcd  colour,  which  may  he  sent  into  commerce  as  i 

•  Thii  m(vl<ifif  pr*>dncinp  flnillne-Tpd  h.ii  not  «rtu.tl1j  hrrn  rarrUti  out  In  praictie« }  tait  a  rao>«i*tt«» 
ofllkc  S>H/tf  mthatrtrtit  dr  Muihomt  hate  reported  Jarouralrlj  ou  Ui«  pos«iuliiy  of  performitij|  It  i 
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«■  It  llM  been  treated  with  a  stnall  quaiititj  of  caHjoniiie  of  lodiiiiB  diMol?«d  in 
wstc^  and  iirectpiUted  b^Y  addition  of  c^Dnnon  fialL  Thu  procfitt  givm  guod  tnuIU 
MpecuUly  oti  the  atnftll  sodr ;  but  when  Urgn  quaatitiu*  ar«  op«r»l«l  on,  ib  ti  often 
ditficiilt  to  r«!gukt«  the  uction,  and  combustion  and  deflagration  ensae,  whidi  of  coutm 
d^-fitioy  the  entire  product. 

The  inilioe-red  obtuined  by  tho  action  of  nifrieacid  or  mercnric  nitrate  ha«  ft  man 
violet  tint  thiLn  that  prepared  by  moanii  of  the  anhydrous  chlorides. 

5.  Direct  production  of  AniUne-rwd  from  N*irahefume,^SitTohenEpjie  ia  tieat«d 
with  f  mixtun?  of  iron  and  hydrochloric  acid,  or  with  ferrona  chloridt*,  whereby  it  ts 
converted  into  aniline,  with  formation  of  ferric  dilorido  (p^  420).  On  heating  the 
mixture,  the  ferrie  chloride  reacta  upon  tin  aotliiie  tliiia  prodnoed,  ooOTOd^ng  it  into 
aniline-red.  Messni.  Lanrent  and  Caath^lai,  to  whom  tliia  proccai  i»  doe^  gi7»  tb« 
name  of  0rjftAroftatioi  to  Lho  coloming  matter  thna  obtained ;  bnt  it  probably  oonaiala 
mainly  of  ruaanilinei 

Purijicadan  of  AniliTU'rcd, — The  crude  colonra  obtaoned  by  the  preeeding  proceMca 
■tilt  contain  undec:t>mpoied  anilioe,  chi^^fty  in  the  farm  of  niltB,  together  with  tarry 
luattera,  some  insoluble  in  water  and  dilute  acids,  others  soluble  in  smphlde  of  carbon, 
uaplitha,  or  in  caustic  or  carbonated  aUcalia.  On  boiling  tJia  cmde  red  with  eoicceas  of 
alkali,  the  undtjcomnoaod  aniline  is  expelled,  the  add  which  exists  in  the  product 
iM'iii^  flxtid  by  the  alkali,  while  rery  tittle  of  the  colouring  matter  diasolres.  On  treat- 
ing lhi<  (iiljghlly  washed  residue  with  boiling  water  acidulated  with  a  mineral  add,  the 
rc<l  itf  diasulrixl,  while  certain  tarry  matters  remain  insoluble ;  and  if  the  boiling  sola- 
rion  bi*  filtvred  and  saturated  w'ltb  an  alkali,  the  colouring  matter  is  prmpitaujd 
tolorally  pure.  The  precipitatbn  may  be  hastened  by  dissulying  common  aalt  in  the 
i^situralcd  eolntion.  By  once  mo(re  rediasolying  the  precipitated  red  in  an  acid,  not 
i-nipliiyed  in  exceo,  a  ■olntion  is  obtained  which  frtiijuently  cryatalHaee,  or  £rum  which 
ide  |iun<  red  may  be  thrown  down  by  a  new  addition  of  chloride  of  sodium  or  other 
alkiilint'  salt, 

lu  Fmncc  the  hydrochlorate,  in  England  the  acetate^  of  aniline-red  is  generally  naod 
ill  dy«>ing» 

Composition  and  Formation  of  JbuliiK^red, — Hoftnann  has  shown  that  all  the  rarietiea 
of  aoihae-rcd  are  salts  of  an  0(rganic!  base  which  he  deaignates  ss  roeaniliue.  This 
hise  is  a  triamtne,  C^'H^N*,  capable  of  uniting  with  one  or  three  (probubly  also  with 
two)  atoms  of  acid.  Moreover  three  of  its  hycGrogen-atoms  may  be  replaced  by  aleohol- 
radides,  namely  methyt,  ethyl,  uroyl,  phenyl,  and  tolyl  or  benzyl,  produdng  blue  and 
^Holet  dyes;  Further  than  thia^  its  rational  constitution  has  not  been  distinctly  made  out. 
Neither  is  its  mode  of  formab'on  thoroughly  nndentood;  but  one  voir  important  fiict  baa 
bevtu  brought  to  light  by  tho  researches  of  Hofmann,  and  oonfirmed  by  the  cxperieDce  of 
inaiiiifacriip*^r^  namely  that  pure  aniline,  from  what<*ver  eotiroe  it  may  be  oblHinivl,  is 
incapable  of  fUmishiu^  aniliae-r&d,  Commerdiil  aniline  prepared  6om  cool-tar  always 
io  met  contains  toluidma  (bonsylamine,  C^H^N)  aa  weH  as  pbeny Limine ;  and  Hofmann 
has  shown  that  tho  presence  of  tliis  base  t^ethcr  with  aniline  ts  essential  to  the 
formation  of  the  red  dye.  Tolnidine  by  itaeliis  just  as  Incapable  of  yielding  the  red 
AS  pure  aniline,  but  whf  n  a  mixture  of  pure  aniline  and  pure  tolnidine  is  treated  with 
stannic  ormercurie  chloride,  or  with  arsenic  add,  tho  red  eolunring  matter  is  immedi- 
ately produced.     Its  formation  may  perhaps  be  peprest-nted  by  the  equation  : 

C'H^N     +     2CH»N       -       C^H'*N»     +     H', 

All  II  toe.  Totuldioe. 

and  its  constitution  by  the  formula  (C*H" 


containing   the  diatomic  radidee 


plienylt'ne  and  toljlene  or  benzylene,    (Hofmann,  Proc.  Roy,  Soc*  485.) 

St'hiff  (Ann.  Ch,  Phiirra.  cxxr.  36tJ ;  cxxvii.  337)  has  endeavoured  to  ahow  that 
thr  formation  of  aniline-red  depends  upon  thf«  previouB  formutlon  of  certain  compounds 
of  aniline  with  metnllic  salts,  and  the  subsequent  decomposition  of  these  compounds, 
und  he  giveis  a  general  equation  by  which  be  suppoaee  this  decomposition  to  be  repre- 
*im\.^^ ;  but  this  theory  is  manifestly  ftm^neouii,  inasmuch  as  it  t«ikes  no  cognisance  of 
the  esi^ntijd  fact  that  the  formation  of  the  red  dye  depends  upon  the  presence  of 
loluidiue  as  well  as  of  anQine* 

RoBaniline  when  eepanited  from  the  solution  of  ita  saltti  by  precipitation  with  an 
fdkali  exhibits  the  composition, 

C*H»'N»0       -       C»H'»N'^'0, 

On  mixing  the  boiling  solution  of  the  acetate  with  a  large  excess  of  ammonia,  a  roee^red 
KMinij'whHt  erystalliue  precipitate  is  formiMj,  Consisting  of  the  hydrate  in  a  tolerably  pure 
state;  and  the  colourless  liquid  flltenMl  from  this  predpitato  while  boiling,  depoeits  CKU 
cooling  white  needles  and  plaice  of  the  i^^rfeelly  pure  hydrute. 
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Rowuiiliutf  m  tieiLrly  uieioluble  in  waU-r,  aliglitly  i»oliible  in  amnufnia, 
^Jistkoi,  wilh  deep  red  colour,  in?iulublc  in  eihtr.     WHon  exposed  U>  the  air,  il  mpidlf 
Pieoomctt  roftO'Coloured  and  ullimaWly  of  &  deep  eed,  probabljr  in  oon^ef^iiooce  or  tb« 
fomuktion  of  a  cBxbonate. 

RoHiiiiiliae  i*  a  ratber  powerful  Ivise,  forming,  as  already  oboerved,   mono-ad^l  aiij 

I  trtadd  »alu,  almost  all  of  which  are  reroiirkable  for  their  beauty  and  the-  &eilitj  with 

[which  thi^y  crjgtalliae.     They  may  be  peptred  either  by  direct  union  of  the  add  wiih 

tbe  five  basi%  or  by  boiling  the  anuxuxnium-aalLs  of  the  severul  acid*  with  t-acees  of  th« 


The  mojHhomd  ttdU  exhibit  for  the  ino«it  part  by  reflected  light,  the  lu^xooa  anf^aUic 

erctii  of  the  wiugH  of  the  rD§e<beetIti ;  in  traasmittt^d  light  the  cry^tala  arc  i«m1, bccoA' 

i  mg  opaque  wheo  they  acq  aire  cartaio  dimensions.     Th*^  soluttoijia  of  tbc^se  aUl  M 

I  Water  or  alcohol  poBseei}  ihe  maguiliceoi  cJ^niBon  colour  which  churacterisea  roiianiliiM 

laQmpouDdM.     According  to  Cherri^ul  (Compt  rend.  liii.  984 )  the  green  ooloiir  reflaelvl 

lftv>m  the  cryiitlahi  of  thene  ealte  is  exactly  complementary  to  the  cnmaan  colour  wUeb 

libMolutionH  impart  to  wool  and  silk.  The  tri-aeid  aulis  of  rosanillne  are  yellowiah-biowiw 

llQll^iii  the  Aolid  state  and  in  solution.     They  are  much  more  soluble  in    water  aad 

alecihol  than  the  mouo-ocid  sulta. 

The  talta  of  ro«aiuline  when  treated  with  reducing  agentfl,  sulphide  of  ummoxuiuti  far 
esumple,  are  couTerted  into  leucaniliue  (iii.  574) : 


RlMMIDiiliDe, 


Lcnicantllnc. 


Aeetcie  qf  Eo^anHint,  C»H«»N».CH*0».— Thi«  i«  ^rhapa   the  fioeat  of  aH  Iho  | 
rottaQiMne^Baltai  lometimefl  separating  &0111  hirge  quantities  of  eolutioQ  ia  eryirtala  an 
inch  in  diameter.    It  is  Tery  aolible  in  water  and  alcohol,  aiid  dooa  not  orpttmkWfm  well  I 
fh)in  small  quantities  of  aolutioo.    The  dyatals  wheu  freshly  prepared  exhibit  to  a  | 
high  degree  the  green  metallic  lustre  already  mentioned,  but  on  protracted  expoenre  ta 
li|;ht,  tfai^  colour  disappears,  the  cryatala  assuming  a  dark  reddlali-brown  tinL  ^ 

HtfdroiiMoraUt, — The  mono-acid  sak,  C-^H^^N'-HCl,  id  deposited    ^om  its  bviliog 
solution  in  wuU-defined  rhombic  plates^  frequently  in  Hteliar  forms.     It  ia  but  sparingly 
^Boluble  in  water,  more  soluble  in  alcohol,  iusoluble  in  ether.     It  retains  a  small  qoimiily 

T  water  at  100^,  but  becomes  anhydrous  at  130"^.     Like  most  rofiamline^aaltii,  it  \%  ^ 

L^ry  hygroscopic.    Treated  with  itine  and  hydrochloric  aeitl,  it  yields  leucaniline. 

I     The  tri'iicid  hydrochlonite,  C'*"I1"N'*3I1C1,  is  obtained  by  udding  very  atx^ng  hydr>- 

idiloric  acid  to  a  warm  solution  of  the  base  in  moderately  strong  acid.      The*  whole  then 

laolidiHcs  on  cooling  to  a  network  of  beautiful  brown  ntedlesi,  which  must  be  washnl 

rith  strong  hydrochloric  add  and  dried  in  a  vacuum  over  lime  and   oO  of  vitrivl,  as 

water  decomLHjees  tht-m^  rt'producing  the  mono-acid  sidt.     The  tri-acid  salt  gi ves  off  j 

part  of  itii  acid  at  lOfJ°,  the  brown  crystals  becoming  indigo-blue,  and  being  ultimately 

converted  into  the  gr<^en  crystals  of  the  moDo-acid  salt,  I 

Both  the  hydrochlorates  of  roaaniline  unite  with  tetrachloride  of  platinatii,  fonxtlDC 
unerystallisjible  doiible   salts  which  appear  to  contain  2(C^H**IP.HCl).PlCl»  and  I 
.  3(C*'H"N".3lICl).3Pta*  respectively. 

[  Ifydrohromate  ofRvtaniline,  C^il'^N'HEr,  resembles  the  mouo-acid  hydrocblorste  in 
tevery  respect,  but  is  even  less  soluble,  The  hydrhdaiff  C**H**N'.in,  forma  green  wvj 
Itoluble  needles, 

MiraU  of  EosaniUney  C*H"N*.NHO*,  obtained  by  dissolving  the  base  tn  mnn 
dilute  nitric  add^  forms  small  eryslals  resembling  the  other  salts  of  rosaniline* 

The  jHCratu  or  triniirophtnatf,  C»'H"N».C«H\NO*)*0,  crystalliaea  in  beatttifut 
reddish  needles,  likewise  very  sparingly  aohible  in  water. 

SulphiitiS.-^Thi^  neutral  Malt;(C**H;'N«)'H'SO*  (iit  130<*),  obtained  by  dissolviogthe 
base  in  dQute  sulphuric  acid,  is  deposited  in  green  crystals  baring  a  metallic  lustre, 

Thfuui/^^.— Tannic  acid  added  to  an  aqueous  solution  of  rosaniline,  either  neutral 
oracid^  throws  down  the  whole  of  the  rosaniline  in  the  form  of  an  insoluble  taniuite. 
The  precipitftt*!  formed  in  cold  dilute  solutions  has  an  inlenao  carmine  colour,  like  thn 
carmine-liike  of  cochineal ;  from  wanu  coneetitraledsohjf  ions  it  separated  as  a  tenacious 
pitchy,  red-brown  mass.  1/  Ihe  tautiik;  acid  is  in  exi»>fis,  the  solution  retains  a  rv<i 
colour,  indicating  the  formatiou  of  a  more  soluble  (di>  or  tri-add)  ealL  The  n^utr.>l 
tnnnate  in  likewi&e  forincd  when  cloth  morduiiited  or  printed  with  tannic  acid  is  dippeil 
in  !i  sli^flitly  acid  Wjlutioo  of  aniline-red.  It  dissolvee  in  alcohol,  wood-spirit  and  acetic 
«cid  witli  the  deepest  crimson  colour;  in  conei titrated  solutions  of  the  strongs  aeida 
with  reddish -yellow  colour,  which  however  changes  to  red  on  addition  of  water,  part  of 
the  Halt  being  at  Ihe  same  lime  precipitated  ;  by  prolonged  boiling  with  concentnted 
ocid*i  it  is  dwonjpoh(-fL  Alkalis  decolorise  if,  but  the  Cfdrnir  i«  rcstorr'^l  by  neutralisn* 
Hon  with  ^n  iu^id.  Whin  tjinnaie  of  rowiniline  is  tritimili-d  with  three  or  four  timei 
it»  weigh!  of  wuod-spirit  and  thi-  ihickieh  carmine  coluured  mufis  is  mixed  wit li  a  quantity 
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of  nitric  Of  bydrochlorie  add  (or  betlrnrilh  Jilcohol  aattiratwi  with  hydrochloric  a4;id), 
equitl  to  5*5  to  f^  of  the  volume  of  the  wood-spirit^  I  he  iiolour  of  the  mixtu  it— which 
dric*  up  i)ai«^j  if  tlie  trituration  b«  oontioued — p«i8M?fl  into  violet  ttndflnallr  into  bluti. 
Bj  duij  iwtliitiQR  die  proporttoti  of  ttcid^  any  required  shade  of  colour  may  be  obtained. 
Aa  Uiese  Woe  and  riolet  eolouriog  matters  are  nearly  intoluble  in  water,  they  mAy  be 
freed  tfota  adhering  arid  by  vaihing  with  water.  For  dyeing,  they  are  diaaolred  in 
alooibo]  ur  wood-vpirit,  and  the  solution  ii  dilated  with  water,  (£.  Kopp,  Jahi«ab. 
1862.  p.  6^) 

Ify^iHQ  mtk  AniUtU'red^—Thfi  Balt«  of  roeanilioe  chiefly  employed  for  dyeing  silk 
&nd  wool  are  the  acetate,  hrdrochlorate  and  nitrate  ;  their  applioation  i«  Teiy  eimple. 
Silk  in  dyed  by  {Masing  it  throngb  a  cold  aqueoua  ftolution  of  the  ealt ;  for  the  dyeing 
of  woot  the  solution  ia  heated  lo  60^  or  60^  C.  Eoeoniline  is  pr^^cipiUttcd  from  ita 
solutions  And  fljced  h^  ailk  and  wool,  with  such  rapidity  and  force  that  it  it  neceaeary 
to  operate  with  itolutiona  oomparatively  weak  at  first  and  only  gradually  strengthened  ; 
otherwise  the  dye  wiH  be  unequal,  the  portions  first  immera^  being  more  strongly 
coloured  than  the  rest.  Cotton,  on  the  other  hand^  has  no  attractioa  for  this  colouring 
matter,  and  requirei  flnt  to  be  treated  with  some  animal  mordant,  such  a«  albumin, 
|3reparod  glut  in,  casein,  lactarin  or  gelatin,  or  with  tannic  acid,  the  latter  being  used 
either  in  ita  combinations  with  metallic  oxides,  as  autimonic.  stannic  or  plttmhic,  or  aa 
tannate  of  gelatin.  For  some  time,  oily  preparations  were  employed,  such  as  snlpho- 
mati^ric  or  sulpholeic  acid. 

When  a  stufl*  which  has  been  dyed  aith  aniline-rod  is  printed  with  a  strong  acid, 
it  it  deoolorised,  with  formation  of  a  yeEowisb  stain  in  consequence  of  tha  oonTcnion 
of  the  mono-add  salt  of  fosanilino  iutti  a  tri-add  ealt«  which  has  but  little  colour;  but 
on  washing  the  material  with  wati^r/the  exeess  of  acid  is  removed  and  the  red  ooh)ar  ia 
restored.  On  printing  with  a  powerful  baae,  caustic  soda  fur  example^  the  rod  roaaniline 
salt  is  decomposed  and  colourless  rosaniline  is  liberated,  but  when  the  soda  is  washed 
out  with  water,  the  red  colour  reappeora,  the  roaanilina  probably  becoming  carbonated. 
Ammonia  likewise  df«rTt>yB  the  colour  for  a  time,  but  as  the  ammonia  escapes  the  red- 
ctitoratiiin  rftiirns.  If  however  the  dyed  fabric  be  left  for  some  time  in  contact  with 
weak  aqueous  ammonia,  the  roaaniline  is  for  the  most  part  dissolved  out,  and  the 
colour  is  then  no  longer  restored  by  rinsing  with  water. 

Derimiitri  of  BosanUine. 

Trtetbyl^roaaiaitiie,  OH"N*  «  C**H»'(C»H»)*N'.— This  compound,  whicH 
yields  one  of  the  varietif*  of  a  b  i  1  i  n  « -  v  i  o  1  e  t.  was  disooTered  by  H  o  f  m  a  n  n  (Proc  Roy. 
Soc  xiii.  13;  Bull.  Soc,  Chim.  1865,  [I]  166),  and  is  known  in  commerce  as  Hof- 
mann'a  vioUt.  It  is  obtaiutHl  by  heating  1  pt,  of  rosaniline,  2  pts,  iodide  of  ethyl,  and 
about  2  pts.  of  stztmg  alcohol  to  100°  for  three  or  fbnr  hoursi,  in  a  Tessel  capable  of 
rv»mting  a  certain  amount  of  preesure.  The  mixture  is  then  left  to  cool^  and  Lhi^  syrupy 
violet  mji.»«i  is  dissolved  in  alcohol  or  wood  spirit*  The  rf^ulting  solution  of  hydnodate 
of  triethyUrosanilinp  may  be  used  for  dyeing  and  printing  just  like  the  other  aniline 
dyea.  By  \mn^  them  in  this  manner,  however,  the  iodine,  which  is  a  suWtanee  of 
some  value,  is  lost.  It  may  be  recovered  by  boiling  the  product,  either  before  or  after 
solution  in  alcohol,  with  a  caustic  alkali,  which  precipitates  the  triethyl-rosaniline, 
leaving  the  Jilkaline  iodide  in  solution.  From  this  solution  the  io<iinc  may  l>e  recovered 
in  the  ustial  way,  and  employed  for  the  preparatioD  of  a  fresh  quantity  of  et hylic  iodide. 
The  triethyl -rosaniline  is  washed  with  water  till  si!  the  soluble  wdts  are  rvmoved,  tlien 
dissolved  in  alcohol,  containing  hydrochloric  acid,  or  in  acetic  acid  more  or  leas  diluted 
with  water,  and  this  solution  ts  wd  for  dyeing  and  printing. 

If  ihe  triethyl-rosanilina  obtained  as  above  be  again  tT^it^d  with  iodide  of  ethyl, 
aod  the  series  of  operations  repeated  two  or  three  times,  the  ultimate  product  b  an 

Similar  pnjdiiets  arc  obtained  by  treating  roaaniline  with  the  iodide  of  methyl  at 
100°  or  iodiile  of  amyl  at  ISO"^— 160**. 

Othrr  varieties  of  Amlint-tfiolet.^Bj  heating  a  salt  of  roaaniline  with  a  qnnntity  of 
aniline  leas  than  sufficient  to  form  aniline-blue,  r.y.  equal  parts  of  b^drochlorate  of 
rosaniline  and  aniline  to  180^,  a  violet  colouring  mattar  is  prodnoed,  which  was  origin- 
idly  patented  by  MM.  Girard  and  Be  I^ire,  and  is  known  in  oommeice  as  violet 
imf)iriiiL  It  is  likewise  obtaimxl  together  with  aniline-blue,  when  a  salt  of  loaaniUne 
is  heated  with  excess  of  aniliDe  (p.  472).  Its  composition  has  not  been  ascertained, 
but  it  in  nerhaps  a  mixture  of  rosaniline  and  txj  phenyl -roaaniline,  or  a  muHfO-or 
diphenylie  rosaniline. 

Anol  her  anilin*:-- violet  has  been  obtained  by  Ni cholson.  It  is  formed  hy  carefully 
hejitinjf  aniline-n^d  to  a  temperature  belwe«^n  200*^  and  216°.  Ammonia  is  then  given 
ofPf  and  a  dark  semi-solid  mass  is  formed.    This  is  eshaustod  with  acetic  acid,  and  the 
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deep  violet  solution  diluted  with  sufficient  alcohol  to  give  the  dye  a  convenient  strengfli 
for  commercial  purpones. 

Lafltly,  Perldn*8  m  a  u  v  e  i  n  e  must  be  regarded  as  a  variety  of  aniline-'Hokt ;  but  as 
its  8:ilt8  have  a  purple  colour,  it  is  best  to  designate  this  oolonring  matter  as  aniliBfr- 
purple,  the  name  originally  given  to  it  by  its  discoverer. 

THpHenylHroaaiiillaet  C*HnN>  -  C**H**(C*HM«N'.~Thi8  base,  the  Mlta  of 
which  form  the  spendid  blue  dye  called  aniline-bine,  alio  *'Bleo  de  PSana,**  or 
*'  Bleu  de  Lyon,"  was  discovered  by  Girard  and  De  Laire,  and  ita  conatitatioB  bat 
been  determined  by  H  of  man  n  (Proe.  Roy.  Soc.  xiii.  9).  It  is  ^rodnced  by  heating  a 
.salt  of  roeaniline,  or  a  mixture  of  Bubstancea  capable  of  producing  auch  a  aah^  with 
excess  of  aniline :  e.  g, 

C»ff»N«.Ha  +   3(C^»H«.N)     -     C»H»«(C*H»)»N«.HCl   +    SNIP. 

Hydrnchlorate  of  Aaillm.  HjdrochloratooT  Tri. 

Rosanillne.  fthcnyl-roMailioe. 

The  time  required  varies  with  the  qnantit}[  of  material  operated  upon.  If  a  mizturs 
of  2  kilogrammes  of  hvdrochlorate  of  roeaniline  and  4  kilogrammes  of  aniline  be  em- 
ployed, £e  operation  is  complete  in  four  hours. 

Several  other  colouring  matters  are  however  fbrmed  at  the  same  time,  among  which 
are  a  violet  {tioUt  impiruU)  and  a  green ;  large  quantities  of  ammonia  are  also  siven 
off.  The  crude  blue  is  purified  by  treating  it  successively  with  boiling  water  addiuated 
with  hydrochloric  acid,  and  af^rwards  with  pure  water. 

Triphenyl-roeaniline  is  obtained  on  pouring  a  concentrated  solution  of  the  hydroehlorste 
in  ammoniacal  alcohol  into  water,  as  a  white  or  greyish  precipitate  consisting  of  a  h  yd  r  a  t  e, 
C*'H"N*.H'0.  It  shows  a  tendency  to  crystallise,  but  has  not  hitherto  been  obtained 
in  distinct  crystals.  The  alcoholic  and  ethereal  solutions  deposit  it  in  the  amorpbons 
state,  even  on  spontaneous  evaporation.  It  is  very  liable  to  change,  gradnally  beonra- 
ing  blue  duriuff  washing,  and  especially  during  drying,  even  in  vacno.  The  vacaom- 
dry  substance  heated  to  100°,  assumes  a  deep  brown  colour  which  it  retains  on  cooling; 
it  likewise  underj^oes  slight  fiision  also  at  that  t4>mperaturo,  but  does  not  lose  weight. 

The  salts  of  tnphenyl-rosaniline  are  prepared  by  treating  the  firee  base  with  acids 
Ouly  mono-acid  salts  have  hitherto  been  obtained.  The  solutions  treated  with  sine  and 
hydrochloric  acid,  or  other  reducing  agents,  are  rapidly  decolorised  and  converted  into 
salts  of  triphenyl-leucaniline,  C"H**N»  (iii  674). 

Hydrvch£arate  of  Tri^henyl-rosaniline,  C^H"N*.HC1,  is  the  aniline-bine  obtained  by 
the  process  above  described.  It  is  an  indistinctly  ciystalline  powder  of  a  blnish-bfovn 
colour  becoming  pure  brown  at  100^.  It  is  perfectly  insoluble  in  water  whether  cold 
or  boiling,  insoluble  also  in  ether,  but  dissolves,  though  with  difficulty,  in  #lw?liol, 
forming  a  solution  of  a  splendid  deep  blue  colour. 

From  the  boilinff  saturated  alcohdic  solution  it  is  deposited  on  cooling  in  the  Ibrm 
of  imperfect  crystidline  granules.  The  same  solution  when  evaporated  leaves  it  as  a 
thin  film,  which  reflects  light  with  a  peculiar  metallic,  half-golden,  half-coppeiy  Instm 
(Hofmann).  It  dissolves  in  strong  sulphuric  acid,  and  on  digesting  the  eolntioo  for 
half  an  hour  at  150^  and  then  adding  water,  the  blue  colouring  matter  is  precif»tated 
in  a  modified  state,  having  in  fact  be«>me  soluble  in  pure  water.     (Nicholson.) 

The  hifdrobromaU,  ht/driodate,  nitrate  and  stUphate,  (C«'H"N")^^SO*,  have  also  been 
prepared.  They  resemble  the  hydrochlorate,  but  the  nitrate  is  perhaps  a  little  moivs 
the  sulphate  a  httle  less,  soluble  in  alcohol 

Various  processes  for  the  proditttion  of  Aniline-blue, — Bosani  line-salts  assmne  a 
permanent  blue  coloration  when  boiled  with  solutions  of  aldehydes  (Lanth,  Qossne- 
ville's  Monit.  Soient.  [1863]  iv.  338) ;  or  with  crude  wood-i^irit  (£.  Kopp,  Md,  p.  882). 

Tannate  of  roeaniline  appears  to  be  especially  inclined  to  this  change.  The 
nature  of  the  blue  colouring  matter  thus  produced  is  unknown,  but  it  is  profaaUy 
identical  with  that  produced  by  treating  roeaniline  with  excess  of  aniline.  Tne  same 
remark  applies  to  a  blue  dye  dfnscribed  by  Gros -Ren  aud  and  Schiiffer  of  Mnlhouse 
(ibid.  iii.  292)  under  the  name  of  Mulhouse  Uue^  which  is  formed  by  boiling  the  soln- 
tion  of  a  rosaniline  salt  (generally  the  nitrate)  with  a  solution  of  gum-lac  and  carbon- 
ate of  sodium. 

Trttolyl-roaanlline  or  Toluidlne-blue*  C;«iH''N*  :=  (^H'\CrH')«N*  (Hof- 
mann, Ann.  Ch.  Pharm.  cxzxii.  290). — Produced  by  heating  the  acetate  (or  other 
salt)  of  rosaniline  with  twice  its  weight  of  toluidine  (benzylamine).  The  reaction  is 
precisely  similar  to  that  by  which  triphenyl-rosaniline  is  obtained : 

C»H"N«  -t-   3C'H»N     «     C«H"'N«  +   3NH«. 
Large  quantities  of  ammonia  are  evolved,  and  a  brown  metallic-shining  mass  w  obtained 
which  diiisolves  in  alcohol  with  deep  indigo  colour.    This  product  is  acetate  of  tritolyl- 
rosaniiioe^     When  treated  with  alcoholic  ammonia,  and  subsequently  with  water,  it 
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jrtfild*  tlie  htmo  frorci  whieh  rariou^  «alt»  tuajr  b«  pre|iarud.  ThMi  Mlta  rosernblo 
thovp  of  triplu'n)'l-ru»ani!ino;  but  ihvy  arti  more  M»lubk  arid  roori'  diiUctilt  to  cryBt&I* 
lisei.  TU**  hjfiirtMklttratr  crj8tiilli»ee  fruin  boiling  ii]cohol  in  smAll  bltie  crystals  inaalu- 
Llf  in  lK)iliiL|;  watrr,  atiil  having  when  dried  at  10*)'^  the  compjsition  C*41*'K'.HCL 

The  tiahs  of  tritol/1-rosaniline  when  subjr*ct4'd  to  dry  diKtillution^  undergo  a  decom* 
|K>siti(Hi  similfir  to  thut  of  the  mXXm  of  triphvuvl-rueaniliiie,  yicldiag  phony  1- toljl- 
II  ru  i  n  e  (C^*XC'H')HN  (p.  464). 

Toi^l-diphm^rosanUin,  C*H'»(C»H»)«(C'H')N",  aopeiire  to  be  obtaiaod  as  a 
hydnite  by  heating  phenyl-tulyUniine  with  myrcuric  chlaride. 

AttUliie-yellow  or    cnu'jAfttilMiitft  CH'^N*. — This  ooloiimff  metier,  wMeh 

dilTf'ri'  fnjtn  Kmanilinc  by  cyntiiining  2  atoniB  of  hydrogen  letui,  ii  obtained  lui  %  bje- 
^rcnhict  m  tht>  prcnanttion  of  aniUne-red.  When  the  residue  frum  which  the  roMioililie 
116  br  r'n  f^xtraeted  in  ■ubmitt^Hl  fckf  somo  time  to  a  current  of  i*te*ni«  li  (jujuititj  of 
dlir}'sanilin4^  puBeM:*s  into  Bolution^  and  l&  precipitated  in  ihe  form  of  a  difficultly  iolubl« 
nitrati^  un  adding  nitric  add  to  thif  tolutlon.    (Nicholion.) 

Chr)i«milint>  in  the  free  Btate  b  ui  amorphous  yellow  powder,  like  recently  precipi- 
tated chmmute  of  lead^  nearly  insoluble  in  waUr^  but  dissolring  readily  in  o/tvAi// f«fid 
in  tiher.     It  forms  two  series  of  crystalltMble  salts,  mono-acid  and  di^acld. 

The  di'Ocid  kffdrochlorate^  C^H^'^'.2HC1,  is  formed  aa  asc^ly  precipitate  on  adding 
coi I ceti Crated  hydtochlorie  acid  to  a  f4olution  of  the  basi;  to  t}ic  dilute  add.  It  diasolTes 
family  in  water,  leaa  easily  in  alcohol,  and  not  at  all  in  ethf-r.  It  fijrma  a  hydrate  con* 
taiaio^  \  atom  of  water.  It  doe«  not  lose  weight  between  WiP  and  120'^,  bat  when 
heated  for  a  fortnight  to  l&O®^ — 180°  it  is  converted  into  h  yeUow  crystalline  powder 
of  the  neutral  salt  C**H"^N^JICl  which  is  socnewhat  lewi  soluble  in  water  than  the  acid 
fialL  It  unites  with  fctmchloride  of  pktinum,  forming  s  cMor&platinaU  which  m^s- 
tallbes  from  h  dilute  solutii^n  in  hirf^e  beautiful  tableta 

The  nUmte^  of  chrysanilinc  cryMlALiinc  iritb  the  greatest  facility  in  mby-red  needles 
which  are  so  sparingly  solubKi  in  wutr^r  thut  a  solution  of  nitrate  of  potaj<s]um  contain- 
ing  only  1  grm.  of  nitric  acid  in  a  litre,  immediately  yields  a  CTyntaUine  precipitato 
on  addition  of  u  ehrysaiuline'sajt.  Tho  lieutral  nitrate,  C'**H"N*«NHO',  is  obtained  by 
boiling  chryi»ani lino  iu  txceas  with  dilute  nitrio  acid;  and  the  solulion  of  this  salt 
mixed  with  cold  concentmted  nitric  acid,  yields  the  acid  nitratey  C"H'T?^2NH0*,  in 
ciystals  resembling  ferricyanide  of  potassium  and  decomposible  by  water. 

Sulpkate  of  ckrjfBOftilme  is  eaaily  soluble  and  difficult  to  crjst^llise.     (Hofman  n.) 

Chrjsaniline  and  itsadts  dye  mlk  and  wool  a  etpleudid  galdi^n -yellow  colour. 

Schiff  (Ann.  Ch.  Pharm.  cxxrii.  342),  by  triliiniTiug  Muiline  with  2  pts,  Cff  potassic 
Hnlimonttte  or  Htannate,  antl  supereatumting  with  hydroohloric  acid,  obtained  a  scarlet 
colouring  matter  soluble  in  ether-ideohoK  and  forming  with  hycbvchleric  acid  a  salt 
whicJi  crystallised  jDn>m  ether  in  1  ami n^T  reflembimg  ejintharide^^  and  yii  Ided  with 
allcAtis  a  deep  yidlow  flocculent  body  capable  of  imparting  a  permanent  yellaw  dye  to 
silk  antl  yrocA. 

jpfijuv  vlkAJSlCOH'XirMB,  Cbmpounds  derirablo  from  ammonium,  NH\  hj  tJio 
snbstitntion  of  phenyl  orderiTatiTesof  phetiyl^  dtc,  for  oqutralent  quantities  of  hydrugen^ 


1.  Pkenyiammcniuftu  containing  onfy  Alcohot-radidtt. 

All  the  salts  of  aniline  and  its  derivatiyes  described  in  the  preceding  pagns  may  be 
rrorarded  either  us  compounds  of  ammonia-moloculcfl  with  acids,  or  of  ammonium-mo'le- 
cmtm  with  salt-radides :  e.  y. 


(C*H')n-N.HCl 

Hjr'drocblorAte  of 
piHsni' 


(0"H*XC*H')*N.HNO*     =. 

Kttr«ts  ordlrthyUi^hceiU 


(C*M*)H"N.Cl 

ChWMe  of  ftlirnjt- 
junmooiijim. 

NUr^le  oftJWcltTl-jtticnjl* 
jimiooniuiA. 


phrnyUminoaiufn. 


(C*H*C1N)'JI'S0* 
Sutphat*  of  elitoro- 
|tii«fijl4inln*. 

But  there  are  certain  componnds  which  cannot  be  formulated  as  compounds  of  phenyl- 
amirie#>  with  acids,  but  must  ho  regarded  either  as  phenyLunines  combined  with  com« 
ponnd  ethers  (alcoholic  suJphutesJodideSj  &C.),  or  else  as  salta  of  phenylamraoniums:  e.y. 

(C*IPXC*H'n(C^H*)N.CH*I         =         (C*H>XC*H'*)(C«H*j(Cn*)N.I 

Mt-lbrt-todate  of  PtlNyl-aiiiflo-  Iodide  of  miHhvl-<rthvl  imylo- 

The  Utfer  view  a^rds  the  best  explanntton  of  most  of  their  n-actiumL 
The  iodiiles  of  these  phenyl  am  moni  urns  in  which  the  whole  of  the  bydrogsn  ii 


474  PHENYLAMMONIUMS. 

replaced  by  alcohol-radicles,  are  obtained  by  heating  a  tertiaiy  phenylaaiiie  with  aa 
alcoholic  iodide  in  sealed  tubes;  thus  diethylaniline  ((yB.*XC*H*yV,  hasted  with 
iodide  of  ethyl,  yields  iodide  of  triethylo-phenyiammoninin.  The  iodides  thwm  chtmaA 
when  treated  with  moist  oxide  of  silyer,  yield  the  oorresponding  hjdntei^  whidi  are 
strong  alkaline  bases  like  hydrate  of  tetrethylammoninm  (ii  561X  and  esnnot  be  &- 
tilled  without  decomposition ;  the  hydrate  treated  with  adds,  yieldji  TsrioiiB  nlto. 

Triethylfhenylammonium,  C"H»N  =  (C^»X(?H»)*N'.  (Hofmann,  Ana. 
Ch.  Pharm.  bczix.  ii.)— The  hydrate,  C'*H*N.H.O,  forma  a  bitter  alkaline  eolvtiQo 
which  when  evaporated  and  distilled  is  resolyed  into  water,  ethylene^  and  dielliyl- 
aniline : 

The  chloride,  C"H»NC1,  crystallises  with  moderate  foeilitj.  The  ehloropiatkutk, 
2C**H**NCLPtCl\  is  a  light-Tsllow  amorphous  precipitate  very  slightly  flolBblB  ia 
water,  insoluble  in  alcohol  and  ether. 

The  iodide  is  a  crystalline  mass  obtained  by  heating  a  miztaie  of  dietliTlaniliDe  aad 
iodide  of  ethyl  in  a  sealed  tube  for  two  honrs  at  the  best  of  the  water-bath,  and  r»- 
moving  the  excess  of  ethylic  iodide  or  diethylaniline  by  distiUatioii. 

The  sulphate^  nitrate,  and  oxalate  crystallise  readily. 

Methvt'ethyl'amylo'fhenyl'ammonium,  C"H»T^  —  (CfH»XCH^C?H^ 
(OH")N.— The  hydrate  yields  by  distillation  water,  ethylene  gas  and  methyi-^myl- 
aniline: 

(CH.XCH'XC^'XCff')Njo    .    ffO  +   (?H«  +  (CmXCB^C^'iS. 

The  chforoplatinate,  2C'^H^NGLPtCl^  is  a  light  coloured  non-cnrstalline  pjeeipitala. 
The  iodide  obtained  by  heating  ethyl-amylaniline  with  methylic  iodide  is  crjstaQiDeaad 
soluble  in  water.     (Hofmann,  loc.  cit . ) 

Ethyl'triphenylammonium?  »  C»H»N  =  (C^»)«(C*H»)N.      (See  p.  454.) 

2.  Phenyl-ammoniums  containing  Metals. 

Aniline  unites  with  several  metallic  salts,  forming  compounds  which  may  be  reganled 
as  Halts  either  of  metallo-phenylamines  or  of  metallo^henylammoniums :   thus  with 
mercuric  chloride  it  forms  the  compound  2C^'N.Hg''CP    -    C»*H»*H[g'''N«.2HCl 
C«2fli«Hg''N«.a«.     The  general  formula  of  these  compounds  is : 

M(">  )  M<«>    ) 

nC«HT^Jtf(">X-        -       (CTa»)->N-.nHX       =        (C*H»)«>N-^-; 
H"    )  H**) 

in  which  M(°)  denotes  an  n-atomic  metal,  and  X  a  monatomic  salt-radicle  f*w^i  as  d, 
NCV,  &c.,  X«  being  of  course  replaceable  by  X*,  X*  by  XW,  &c.» 

ANTiMOinr  -  COMPOUNDS.       Chloride    of    Trmhenylstibonium,     3C^»N.SbCH       - 
(C«H»)M 
Sb"'    VN'.CI',  is  obtained  by  heating  aniline  with  dry  antimonions  chloride,  or  by 

adding  aniline  to  a  solution  of  the  chloride  in  bensene,  as  a  white  crystalline  man, 
which  is  soluble  only  in  aniline  and  separates  therefrom  in  slender  needles.  It  is  de> 
composed  by  water,  and  is  converted  into  a  double  salt  by  hydrochloric  acid.  It  melts 
at  80°  solidifies  again  in  long  needles  and  is  partially  decomposed  by  distillation. 
(H.  Schiff,  J.  p.  Chem.  Ixxxix.  226 ;  Jahresb.  1863,  p.  418.) 

Iodide  of  Tn'phenylstibonium,  &c,  8b"'(C*H*)*H*N*I*,  is  produced  in  like  manner  (at 
100^^120°),  and  separates  from  the  excess  of  aniline,  in  yellow  needles  which  are  de- 
composed by  boiling  with  caustic  alkalis,  yielding  aniline,  antimonions  oxide  and  iodi^ 
of  potassium. 

Arsenic-compound.  Chloride  of  Triphmylarsonium,  SC'BTO'.AsCl*  «.  A»'^(C?"H»)' 
1I*N*CI',  obtained  in  like  manner,  is  crystalline,  melts  at  about  90^,  and  distils  without 
decomposition  between  205°  and  210°.  It  is  somewhat  soluble  in  water,  with  separa- 
tion of  arsenious  acid.  The  corresponding  iodide  is  not  altered  either  by  cold  water 
or  by  dilute  sulphuric  acid ;  but  boiling  alcohol  decomposes  it^  yi^ding  hydriodate  of 
iodaniline,  free  aniline  and  brown  flocks  of  proto-iodide  of  arsenic  (Sc'Eifi^  loe.  cit): 
As(C«H»)«H«N»P     «     C«H«IN.ni   +  2C^'N  +   AsL 

BisMUTH-coM POINDS.      Chloride  of  Triphenyl-bismuthonium,    SOH'N.BiCl'      « 

•  In  the  general  fonriiU  Elren  on  page  42H,  H«  It  erroneonsly  printed  instead  oTH^' 
•ItenttioiM  are  abo  required  in  the  exumple*  which  follow  oo  the  Mine  page. 
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Ri  *(C'M»>"fl*N*Cl',  U  R  ftiifible,  iotliiiti nelly  crysUUine  m»m  wliiisb  b  vwy  i*krwly  d»- 
c'Mnjpt>M<*d  bj  wtiter,  and  turxui  viotft  wh«!D  heat^ 

Anilint*!  tuix^nl  vrith  aqaeotu  chloride  of  buannlh  foimt  a  prMStpitala  eonaurting  of 
t'-H'N^BiaO.     (Schiff) 

C^DMitm-ooin^uifDS.     Resemble  the  siae^ooinpotuids  {m/m), 

CoFFBR-coMPOinro*  SulphaU  qf  Phenyt'cuprammonntm,  2C"H'N.Cti*80'  — 
(*ii"fC*H*)*Jl*N*.SO*,  U  obtairiml  as  «  green  ojitiiUuic  prt'cipifato  on  adding  cupnc 
iiiil|iiate  to  ««oliitioQ  of  aniUno,  Boiling  vuler  decoiiipo«efl  il,  Mulpliate  of  MaiUne  ai»- 
kolring  Aad  ii bftsic  Hulphiitt^  of  copper  btuu^  di'pocitea  (Gerbardt).  Aniline  fornu 
with  cupdc  ehlorido  n  aimiUr  prociptUte  which  mxm  turns  black  (Hof man n). 

MsRciTiiY'CciMpmTKOB.  CMoride  of  IHpka^flmmviirammoniumt  2C"H^.Hg''Cl'  — 
Hg''(C*H'^)*H*NH^l*,  eomptimafl  cmlled  ckhrotmrtwaU  cf  aniiintt  i«  precipitnted  on 
tidding  niorcuric  t^hluride  to  an  exocM  of  alcobolie  anHine.  It  is  &  nacreous  predpitaie 
which  miuit  be  collected  on  a  lUier  and  washed  with  a  itnuin  quantity  of  alcoboL  It 
^▼MolTa  sraali  quantity  of  aniline  even  at  6Q°,  and  turnn  yeUowijih  (Gtirhardt, 
iVmti,  ill.  M).  Aceoiding  to  Be  hi fJ^  it  deooaipiww)  at  li>iP,  y'i«ldiiig  aniline-red^  and 
a  HimiltiT  n'd  product  ia  obtained  by  heating  anuine  with  mercurous  chloride  to  150^. 
[I'rgbably  the  aniline  uaed  contained  tolnidine  (see  p.  469).] 

An«Hhir  meicory-salt  containing  C"H'*Hg''N*Cl».2Hg''a*  or  20'H^,3H^'C1»  rises 
to  the  sarfibos  as  a  pastj  msM  whieii  aniliae  is  mixed  with  [excess  of?]  liqueoiiB  oor- 
n>(<i>e  sublimate;  on  mixing  the  alcoholic  solutions,  it  in  prccipiteled  tn  the  form  of  a 
Niift  whit4*  powder,  which  soon  becomes  ciyfttalline.  It  muMt  be  washed  with  water. 
When  boil4>d  with  water,  it  tumi  lemon -yellow,  with  erolution  of  a  email  quantity  of 
aniline,  and  partial  solution  of  the  ftalt,  which  crystalliHe'ii  out  without  aJtenitiun  on  eooUng, 
in  A  small  quantitj  of  hot  hydrochloric  acid  it  disMilr*^  partially  and  meltif  into  a 
hearj  red  ou;  in  a  large  quantitj  completely,  and  yields  white  crystals  on  co<jlinz«  In 
ould  water  it  dtssolTes  very  sparingly ;  KligbUy  also  in  btJiUng  alcohol,  from  which  it 
crystallises  on  eooling  (Hofmann).  Of  the  same  composition  alao  are  probably  thtf 
needlofl  which  Oefharat  obtained  by  (uither  addition  of  cuirosive  sublimale  to  the  alco- 
holic liquid  filtered  ^m  the  preceding  salt,  and  which,  when  boiled  with  alcohol, 
yielded  an  orange-yellow  residue  and  a  dark  yellow  hltrate^from  which  a  mixture  of 
colour l4»B  and  orange*yellow  crystals  were  deposited  on  cooling. 

Cyanide  i*f  m^ttm^mtrfiwrQmmmium,  2C*H'N.Hg''Cy^  -  UglO'H^fH^N^Cy'. 
aepanites  in  long  neatfles  on  mixing  aniline  with  a  hot  aqaeouf*  S4>Iudo[i  of  mercuric 
cyanide.  It  melts  Tery  easily,  and  is  easily  resolved  into  aniline  and  cyanide  of  mer- 
cuiT  at  60°.     It  is  not  decomposed  by  alkiifis.    (Sch i f  f ,) 

The  corresponding  ioiidi  is  obtained  by  doubli*  decomposition » in  ytjillowi^h  lamii.fle, 
and  ts  conrerted  into  a  i«d  oolonrtng  matter  at  100"*.    (Schiff.) 

Th*^  niiratr,  Hg'(C*H')'H*N*.2N6*,  is  formed  on  mixing  aniline  or  nitrate  of  aniline 
with  mercuric  nitrate,  as  a  white  precipit^ite  which  becomes  crvstailine  in  contact  with 
dilute  acids.  When  heated  with  water,  it  gives  up  nitrate  of  antUne,  and  is  converted  into 

white  pulrendciit  nitrate  of  diphrnyt^tUnurcw^mmtmimm,  ftg*(C»H*)»H'N^2N0».H'0, 
and  this  by  the  prolonged  action  of  boilii^  water,  is  conTerted  into  ftitrate  ofdiphert^t' 

trimtrcurammonium,  Sg^C^»)*ir.2N0».HK>.     (S c hi f f ,> 

Niiraie  of  Pknt^i^meremrammmmium,  HgtC'H»)H=N,NO*»  is  formed  by  treating 
auiliue  witli  mercurons  nitrate;  it  is  crystuUiue  and  eaaily  decompoaible.     (Sch  i  ff ) 

pAXLAtmrM-coifFouifD.  ChloHd*  of  Ihphtn^f-paHndatnmomum^  Pd"(C*H*)*H'N^l*, 
is  formed  on  adding  palladioos  chloride  to  water  containing  aniline  in  susf^Hmsion,  as  a 
light  yellow  ervRtjiliine  precipitate,  injKduble  in  excess  of  aniline.  A  similar  precipitate 
IS  Ibrmod  with  pi^lladiotis  iodide.     (Gerh  ardL) 

Tm-ooMPoitifDH,  Chloride  of  DipkrnyhtannoitmmoniMm,  Sn7C?^*)*H*N*  CI*,  is 
formc-d  as  a  eiligblly  soluble  ciystalline  mass  on  mixing  aniline  and  staonoiis  chloride 
in  equivalent  propurtions. 

Cki^mde  *f  Titraphtntfhtanmcammonium,  Sn»'(C*n»)*H»N<Cl\  is  produced  by 
strongly  heating  an  intimatu  niixture  of  2  aL  aniline  and  1  at.  t^^tmchloride  of  tin,  or 
by  dropping  aniline  into  a  «)oIutJon  of  the  tetrachloride  in  benzents  Jt  is  a  white  czystal- 
line  powdt'r  which  ih  decompoeed  by  water  with  tseparation  of  stannic  oxide.  When 
heated  even  in  a  streutn  of  dry  carl>onic  anhydride,  it  is  resolved,  acoording  to  SchifT, 
into  aniline,  jimmoma  and  roeaniliue?  (»ee  p.  469). 

ZtMc-€r»MPtiuNDS. — Chloride  ofBipkentii-^m'ammmiium^  Zn'*(C*H*)*H*NK;31',  crystiil- 
li?»es  m  oblique  rhombic  prif*mH  ea««ily  juilnble  in  wat^r  and  in  alcohol,  and  resolved  by 
prLtlongtHl  iKiiljng  into  aniline  and  ohlorido  of  zinc.  Thf  cUoritplatmnif.  is  a  ^mnnlo- 
eryiitallinc  salt     The  bromide  and  iodide  resembles  the  chloride  in  oompositiofi  atid 
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Vropc'rtif'u.  Tin-  sttfphaie,  Zii"(OH*)*H*N».SO*,  is  more  soluble  and  serves  fot  lh« 
l»r«'i'iinitioo  of  tlir  preoixiiug  sitlts  by  double  decompositioD.     (Schif  1} 

PSSVT&*AJ«TXi,  C'^H*  =  C*H*.C*H'»,  (Toll*?n8  and  Fitti&  Aim.  CL 
riiarm.  cjutii,  313.)  —A  hydrocarbon  formed  by  the  action  of  sodium  on  a  mixture  of 
b^Jmobeuzeno  (bromide  uf  phenyl)  aud  bromide  of  amyl^  dilated  with  bexuceae.  The 
iKlion,  which  in  Attindid  with  coostderable  rise  of  tempenitUFak  is  soon  completed,  liod 
if  tho  miittiiriQ  bo  then  distilled^  a  colourless  liquid  is  oDtamed^  oontaioing  plienjlHunyl 
tug4>ihor  with  trticoA  of  free  amyl  snd  phenvl,  and  the benssDS twed  for  dilution;  and  bv 
ti  1l>w  reeiiticatiuiui,  L<onectiag  apart  the  liq^uid  which  passes  orer  at  193^,  the  pli«&yl- 
umyl  may  be  obUiined  pure. 

Pbeoyl-amyl  is  a  tiunsparent  colouriess  lipoid  haTiiig  a  peculiar  odottr  not  1iki«  that 
of  benzene.     It  boila  at  1U6^,  and  has  a  specific  gravity  of  0*859  at  12"^.     By  oxidatuw 

with  chromate  of  pataaerium  and  suiphuric  acid,  it  is  oonrerted  in^     ' -'^ic  acid. 

CAl^jririf  attacks  it  slowly^  with  p>TuLution  of  hyd^jchloric  atnd,  and  v  oooTorta 

it  itito  a  viscid  mass  which  exhibits  no  trace  of  crystallisation.'  By^  ^,        'r*»c  ocid  it 

is  ct in vc«rtt*d,  with  great  erolution  of  heat,  into  nitrophenyl^am  jl,  C''H"<NO*J^ 
wliich  separates  as  an  oil  on  addition  of  water,  and  cannot  be  distiiled  without  de<Maa- 
poBition.  A  cert4iin  quantity  ofdinitrophenyl-amylia  howerer  always  fbrmed  «l 
tlie  «iinie  time,  and  in  ji^reat^fr  prot)ortion  as  the  temperature  is  allowed  to  rise  higher. 
Nitrophciiylamjl  is  easily  reduced  by  tin  and  hydrochloric  acid^  yielding  a  base  in  lbs 
tumi  of  ti  white  floccdent  precipitate,  which^  on  exposure  to  the  air,  quicldy  uasiunas  » 
ibirk  blue  colour  and  decomposes. 

Fhenybamy!  diaa6lvcs  easily  at  a  gentle  heat  in  very  strong  or  in  fdmixi|;  snipkurw  | 
avid,  fonuing  a  sulpho-acid,  C"H^*SO',  which  when  neutralised  with  baiytie 
earbonate,  yields  a  oarium^sait,  C^H^Ba^'SK}*,  crystallising  with  great  ^Acility  in 
long  capiibr)'  silky  needles,  sparingly  soluble  in  cold,  somewhat  more  aoluble  in  hoi 
wrtter.  Tho  polaAsivui'SaJt,  C"H'*KSO*,  prepared  from  the  barium-salt  by  double 
d«*iwiipo«ition,  foruiH  n  nidiu-cryatallino  maH8  very  soluble  in  wat^r  and  in  alcohoL 
The/rftf  actd  sepanited  from  the  barium-salt  by  Bulphuric  acid,  soUdiflcA  in  vacuo  to  a 
nidio-cry8t4dline  moss,  whioh  doliquejicea  very  quickly  on  exposure  to  tho  air,  batfbfins 
a  crystollino  compound  with  a  larger  quantity  of  water.  It  is  a  rexy  stublo  ooxnpomnda, 
iiK'.ltM  when  heated,  and  decomposes  only  at  a  much  higher  temperature.  Its  aqwotti  | 
t*olution  may  be  boiltd  for  a  long  time  and  evttjjoratod  to  a  thick  syrup  withoat  deooB-^ 
|iosition.  On  adding  cM^ridi  of  barium  to  a  ailute  solution  mixed  with  bydrochloffie 
aeid,  the  laige  needles  of  the  bariam-tialt  are  deposited  in  a  few  seef>Dds,  CA  c>ndis 
of  ctUcium  forms,  only  in  a  concentrated  solation  of  the  scid,  a  precipita.te  which  dis- 
fiolves  on  beating  the  liquid^  and  separates  as  it  cools  in  shining  crystalline  scaJra. 
Mlrat4  ofniver  forms,  even  in  a  eomewlmt  dilute  solution  of  the  acid,  »  white  precipi- 
tate which  dissolTea  in  hot  water,  and  crystallises  theiefi»m  in  large  shining  necdlea. 

PHfiiTTXp-AKlsaiitXlllB  or  AmManaid«,  C'^H^'NO*   »  C*H*      >N.-^bt]uned 

H      > 

by  the  aetii^n  of  ebloriJe  uf  anisyl,  CH^O'Cl,  on  aniline^  Crystallisee  tratsk  alcohol  in 
wlt-nder  needles  which  sublime  at  a  gentle  heaU     (Cab ours,  Ann.  Ch.  Phya.  [S]  xxtii* 


3i»;i.) 


:o    A0I9.     0*IPAaNO'    > 


(AaO) 


Ji      1  ~ 

ii%r*H»>  ^ 

(AiiO^/zQ  (Bochamp,  Compt  rend.  IvL  1172).— When  the  product  obtained  by 

hen  ting  araeuato  of  aniline  is  treated  with  a  solution  of  sodio  carbonate^  carbaaJs 
aiiliydrtde  is  evulved,  and  a  rificid  pn-^ipitate  is  formed,  oonaisting  of  aniline  and  ouknu^ 
in;;  mjitters,  and  the  filtered  solution,  when  evaporated  and  nuxed  with  nitric  acid, 
dr|KiHiij«  phiniyl-ar^enaniic  acid,  which  may  bo  rendered  colourless  by  erystalUsatian 
fViirn  Witter,  with  adilitiun  of  animal  charcoal  It  is  deeompueed  by  heat,  dissolTet 
with mt  alteration  in  alkalis,  but  is  decomposed  by  fusion  with  alkalis,  into  aniline  end 
an  alk.iline  arsenate  :  it  decomposes  carbonates,  forming ciystalline  salts.  The  sodium' 
^a/^,  C*H'AsNO',  and  the  potatnum-saii  crystallise  in  rectangular  prisms  ;  the  harium- 
soli  in  oblique  prisms.  The  9Uvcr*sQlt  is  anhydrous  and  Ukowtse  crystallisable.  The 
t€4jtd-  and  eoppersalts  are  bulky  predpitatee. 

FHSN  %ia>*mmmiMXAxnmB,    Amidee    containing  bensoyl  and   phenyl  or  itt 

dtrivt  d  rudielt^i*. 

Pbenrl-benaaiQlde  or  BenaanUlile,  C»'H'*NO  =  C^*oIn.     (GerhArdt, 

H     ) 
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f  cliloride  of  beosojri*  < 


Ann.  Cli.  Phya.  [3]  SXtril  327.)— Pw>*i>«?ed  by  the  act 
bt'tiKoie  anhvdria^,  on  anillno : 

(eflH>)»0     ^     2(C-HM1'.N)      -     2L(e'H'XCrH>0)HN]     +      HH). 
The  pftTdact  obiainod  hy  eiitLier  of  these  r(^actJgIlH  is  washed  with  wnter  ftod  the  residue 
is  tiurified  bj  recrjriiUiJiiiuiiioD  from  boiling  alcohol. 

Phenyl -be  nzamiilo  cry  MtiilliMi^  in  shining  scales  iuaol  able  in  iratef.  Heated  with  melting 
poiask.  It  in  rrvolvtMl  into  aiiiUne  and  bensoftte  of  potiisaium.  When  hiAted  with  chloride 
(/6nixc>y^  it  gives  off  hydroclilorie  acid  luid  iaconvt^rt«dtnto  phenyl'dibonsamido. 
Pktnvl'niirohtnsamtiie  or  Sitn^lH^znntltdt,  (C*H*)fC'H*(NO')0]HN,  hd- 
I  to  be  form«l  hy  the  action  of  aniline  on  cliloride  of  oitr(j}i<'nzoyl  (i.  668).  Tnn 
fttt4!nded  with  great  risfl  of  teniperature  and  evolution  of  hydVoclilorie  acid, 
and  the  product  in  a  solid  body,  which  cryetallinea  from  jdcohol  in  shining  needlea. 
(Bert«gnini«  Aon,  CL  PharnL  izxix.  269.) 

»liatijl-dlb«amamldo  or  Dlbenzmnlllde,  C*H'WO»  «  (0^2*0)4^'  f^***' 
hardt  and  Chioisa,  Compt.  reod.  xxxvii.  90.)^Pr<>parcd  by  beuting  phonyl- 
bensamide  with  ehlorids  of  beraoyl,  removing  the  ead^^s  of  tho  latter  with  CHrlKuiutt} 
of  sodium,  and  reeryatallising  the  residue  from  boiliug  ulixtlio).  It  fomu  olender 
ahiaioff  neadtea^  eometimes  grouped  in  rounded  grtuoa.  It  hi  but  alightly  aolable  in 
cold  aleohol  of  ordinary  strength. 

lIlpheDyl-baiiMmlde,  C'*H'»NO  =  ^cwo'^  (Hofmann,  Ann.  Ch. 
Pharm.  exiiii.  166.) — Pn^luced  by  heating  chloride  of  benzoyl  with  diphpnrlaniine. 
It  ii  a  thick  oil  which  solidifies  in  the  cr>'§tallinf  form  on  coining.  By  washing  with 
wati^r  and  rccrystallioution  from  boiling  uleohol,  in  which  it  is  but  alightly  HoluUt^, 
it  if  obtained  m  Une  cryatibhi. 

Whan  treated  with  cold  nitric  acid  of  ordinary  strength,  it  is  eotiverti<d   into 

C-H*  I 

phenyl -nitrophonyl-bdnaainide,  C*H*(NO*)  fN»  a  light  ynllow,  easily  crystal- 

liaittg  compound,  which  dissolves  with  Bcarlet  colonr  In  alcoholic  soda,  and  is  thereby 
resolved  ttito  benioic  add  and  splendid  yellow-red,  neutral  needlea  olpheiiyl-niCro* 

phenylamine  or  nitrodiphenylamine,    C^*(N0*)[N. 

H  \ 

If,  on  the  other  band,  diphenylbenxamide  be  treated  with  the  strongest /ttiHfn^  nitric 
aeidp  a  sohition  is  fonned  nfom  which  water  precipitates  a  deep  yellow  d^stalline  mass 

eoDsisii^g  of  dinitrodi phenyl -bensamide,      f>ifriQ  [^»  which  dlasolves 

in  alcoholic  potash,  forming  a  srilation  of  a  splendid  crimson  coluiir^  which  on  addition 
of  water  depoMts  a  yellow  cryBbdline  powder,  while  pota£t<ic  bcnso&te  (?)  remains  in 
solution. 

The  yellow  powder,  when  crystalltsed  finm  alcohol,  yields  reddii»h -yellow  needles 

with  blue  metiillic  r(>Jlez«  consisting  of  din  itro-diphenylamine,  I'    U '^        ^MN. 
Pli«a7l-fol7l*b«ii3Kain1de    or   Fhen]rl*t»eas7l-b«n»un|de»  C**H'^liO     * 

C'lr    ^N.     {II of m an n,  Ann,  Ch.  I'harm,  cxiiii.  293.)— Produced  by  the  action  of 

CH*Oi 

chloride  of  benfioyl  on  phenyl -folyhiminc  (p.  464)-     The  action  is  brisk,  and  ih#>  nro- 

duet  rsmains  fluid  for  a  long  tinte^  but  when  treated  with  wnter,  alkali,  iind  alcohol,  it 

ultimately  sotidifles,  and  whi^n  dissolved  in  boiling  alcohol,  sepnrati^  in  well-der eloped 

crystals  which  are  more  soluble  than  diphtfnyl-benzamide, 

Phenyl-tolyUbensamide  Is  more  eswily  attacked  by  nitric  acid  thsJi  the  diphenyl- 
conifiound.  On  treating  it  with  ordlniiiy  strong?  nirric  acid,  the  crystals  immediately 
iKWome  fluid ;  and  if  the  addition  of  nitric  acid  be  eontinuiyl  til!  they  die«ohv%  and 
watrr  be  ihi-u  added  to  the  solution,  a  yollow  crystalline  prenripitate  is  formed  consii»ting 

of  dinitroph©nyl-tolyl-bena«mideC'H*(HO*)>N,  which  cryRtallisea  fromboil- 

C'HH>    J 
ing  alcohol  in  small  yellowish-red  needles.    This  compound  diiisolves  with  faint  carmine 
colour  in  ulcoholic  soda,  being  ther<*by  deprived  of  its  benxoyl-atom,  and  converted  into 

C*H*(N(>*)| 
dinitrophenyl-tolylamine,  €'H-(N0^)IN. 
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Dioitrophenyl-tolyl-benzamide  treated  with  reducing  agents  is  conTerted  into  absaie 

compound  which  crjrstallist^  in  beautiful  white  needles. 

Fuming  nitric  acid  convorta  phenyl-tolyl-benzamide  into  a  nitrated  amide  which 
appears  to  contain  5  at.  NO". 

FBBm^BSarxOTXH  G>*H'*0    »    C'H^.CHK).— This  bodj,  tlie   kMooe  of 

benzoic  acid,  has  been  already  described  as  Bufzoira  or  BamoFimroirB  (L  662).  It 
was  discovered  by  P^ligot,  and  has  been  farther  examined  by  Chancel,  and  re- 
cently byLinnemann  (Ann.  Ch.  Pharm.  czzxiii.  1).  It  crvstalliaea,  acooiding  to  Han- 
del, in  orthorhombic  prisms  exhibiting  the  combination roo  .  Poo  .  ooP.  ^Poo.P.oP. 
Batio  of  principal  to  secondary  axes  =  1  :  0*8496  :  0*6536.  Angles  txP  :  ooP  m 
80°  42'  and  99^  18'.  It  melts  at  48°  to  48*5^'  and  boils  at  295^  under  a  pravnre  of 
0*741  mm.  (compare  Chancers  determinations,  i.  662).  Vaponr-density,  oba.  =  S'ti 
(Linnemann);  calc.  (2  vols.)  —  6*28. 

Benzophenone  heated  with  excess  of  bromine  in  sealed  tabes  to  150^,  is  ooiiTeited, 
with  separation  of  hydrobromic  acid,  into  a  brominated  compound  conta-ining  41*39 
per  cent  carbon,  2*08  hydrogen  and  62*18  to  62*23  bromine,  probably  therefixv 
C**H>»BrH)*  which  reijnires  41*10  carbon,  1*97  hydrogen,  62*70  brranine  and  4*21 
oxygen.  It  dissolves  in  boiling  alcohol,  and  separates  on  cooling  as  a  anow-white 
silky  mass  composed  of  microscopic  needles.  It  melts  at  125^,  cannot  be  distilled 
without  decomposition,  and  yields  with  sodium -amalgam  an  oil  iiee  from  bioauae. 
(Linnemann.) 

Benzophenone  treated  in  alcoholic  solution  with  ndphuric  acid  and  sine,  is  oonwrted 
by  the  nascent  hydrogen  into  benzopinacone,  a  substance  related  to  benaophenone 
in  the  same  manner  as  pinacone,  C*H'^0',  to  acetone: 

2C»«H"0     +     H*       «      C«H«0«. 
Beniophenone.  Bensoplnacoiie. 

The  benzopinacone  is  veiy  slightly  soluble  in  alcohol  and  is  deposited  on  the  sine  in 
the  form  of  a  white  crust  (see  Pina.conb.) 

When,  on  the  other  hand,  benzophenone  dissolved  in  alcohol  is  treated  with  scdium- 
amalgam^  a  different  reaction  takes  place,  resulting  in  the  formation  of  benzhydrol, 

C"H'*0    B       -a     [  0,  a  monatomic  alcohol  capable  of  exchanging  its  typic  bydrogni 

for  alcohol-  and  aoid-radicles: 

C'»n>»0   +   H«     «     C"H«0. 

BenBlaydroL  This  body  is  sparingly  soluble  in  water,  1  part  of  it  requiring  for 
solution  2000  pts.  of  water  at  20^ ;  but  in  alcohol,  ether ,  chloroform,  benj^me  crsmlpMt 
of  carbon,  it  dissolves  with  facility,  and  crystallises  therefrom  in  groups  of  slender  silky 
needles.  It  dissolves  in  alkaline  liquids  more  easily  than  in  pure  water;  a  ooncentratnl 
solution  of  caustic  potash  saturated  with  benzhydrol,  deposits  the  compound  in  the 
crystalline  form  on  addition  of  water  or  neutralisation  with  an  acicL  Benzhydiul 
melts  between  167'd<^  and  168^,  and  boils  between  297^  and  298^  under  a  pressate 
of  748  mm. 

Benzhydrol  heated  with  dilute  aqueous  chromic  acidf  is  reconverted  into  benaophenone. 
Fuming  nitric  acid  converts  it  into  dinitrobenzophenone,  C"H^NO*)"0r which 
crystallises  from  boiling  alcohol  in  needles  having  a  faint  chamois-colour  and  meltixig  u 
129°.  With  bromine  it  yields  dibromobenzhydrol,  C"H"Br*0,  which  aystaJliM 
from  alcohol  in  a  light  mass  of  white  microscopic  needles  becoming  soft  at  about  168^ 
and  melting  at  163°. 

Benzhydrol  is  resolved,  partially  by  distillation  or  by  heating  to  300®  in  sealed  tubes, 
and  completely  by  prolonged  boiling  under  the  oroinary  pressure,  into  water  and 
benzhydrohc  ether,  (?«fl«0  =  2C"H»K)  -  H»0.»  The  same  dehydndon, 
restilting  in  the  formation  of  benzhydrolic  ether,  is  effected  by  the  action  of  duoride  or 
iodide  of  phosphorus. 

Btnzhydrolic  ether  separates  from  solution  in  boiling  alcohol  in  plumose  tofts  of 
microscopic  crystals ;  it  dissolves  easilpr  in  benzene  and  separates  therefirom  by  spon- 
taneous evaporation  in  very  small  but  distinct  crystals;  and  by  immersing  one  of  these 
in  the  solution  duriog  evaporation,  laiger  crystals  may  be  obtained  which  ejchibit  the 
form  of  monoclinic  prisms,  +  P  .  —  P  .  —  P J  .  (  ooPoo  )  .  odPoo  .  Hatio  of  dino- 
diagonal,  orthodiaeonnl  and  principal  axes  -t  0*6820  :  1  :  0*623.  Angle  of  ineUned 
axes  =.  81<^  26'.  It  melts  at  IIP,  remaining  liquid  for  a  long  time  alter  eooling ; 
begins  to  volatilise  above  300°  and  boils  at  316°  under  a  pressure  of  745  mm.      It 


•This  it  thp  first  known  instance  of  the  conrerslon  of  i  monatomic  alcohol  Into  the  corrMa«M»«« 
anhydride  or  ether  by  the  action  of  heat  alone.  corrwpoadinf 
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dinolTes  in  fuming  niirie  aeid,  and  in  deedaipos«d  tbefebjr  on  beningf  jielditig  u 
tdtgonOB/QB  product ;  also  in  stTOOg  imiphurie  mid. 

Bmtk^rotic  Ethytaie,  ^j^^   JO,  is  prodn^^ed  by  mixing  a  aolutfon  td  benzhydrol 

in  tibnolutf'  alcohol  witb  ^^  of  its  Tolume  of  strong  mlphnric  arid^  avoiding  rim*  of 
temp«ratiii«,  and  leaving  the  lii^tiid  to  ititelf  for  si-'veral  days.  On  tb^^n  tidding  water, 
tike  etbior  lepafatea  at  an  oil^  which  may  be  panfi<^  by  washing  with  dilute  potash  nnA 
with  watSTi  and  vnbfloqu&nt  roct iticn tion.  It  is  an  inodorous  ijynipy  liquid,  of  »pect6<! 
gravity  I  029  at  20^,  and  boiling  at  183°  nnder  a  presBure  of  736  mm.  It  i«  str.>ngly 
rpfnirtiTF,  and  when  ni^ly  propared  quit*  colonrIeK*;  but  by  cxpojsnro  to  diffuM-d  day- 
light for  some  time,  or  to  direct  Munhhine  for  a  ft?w  seconds,  it  becomes  coluum!, 
appeanng  of  a  fin*  green  colour  by  r<  flw*ted  and  faintly  yellow  by  transmittM  light. 
The  colour  ia  deatzoyed  by  lejiring  the  liquid  for  some  time  in  the  dark,  or  by  gentle 
heating,  or  by  Agitation,  but  may  oe  restored  by  cxpomire  to  light.  After  keeping  for 
H  few  months,  bowairer^  the  colour  diaappeflffs  altogetber,  and  is  no  longer  restored  even 
by  exposure  to  bright  snmihine.  Id  either  state,  the  liquid  exhibits  strong  flaor(*itc^nr«< 
whtn  a  besm  of  lij^ht  is  transmitted  throngh  it  in  a  dark  room,  the  emergent  light 
being  of  a  bright  light  bine  colour.  BenzbydroHc  ethylate  disaolree  in  twenty  timi'ii 
ita  itdiune  of  tUeokol  cvf  80  per  cent,  and  in  all  proportions  of  Hh^r  and  tmumf.  It  is 
not  altered  by  distillation  with  coocentrated  bydrio^lie  acid.  When  ftiscd  with  potmk 
it  giTW  fM  a  gas  burning  with  a  smoky  R/ime,  and  ii«i  converted  into  an  acid  which 
it  pveeipitatea  on  nentralising  the  alkuli  with  hydrochloric  acid,  but  redissohes  with 
fiietlity  m  caustic  potatb  or  cmonate  of  potasfiium^ 

Bmthtfdroiie  Ae^iatf.Q^m^^Q*  «.  ^|^*I?  J  0.—Plt>d  need  by  boiling  benzhydrol  for 

teveral  hours  with  glucial  acetic  acid.  It  is  precipitated  by  water  and  purified  likt^ 
the  paw!«ding  compotmd.  It  in  an  inodorous  viscid  liqaid  of  spi^fic  gravity  1*49  ut 
20*^^  coUiurleics  when  fir&t  prepared,  but  affected  hy  tight  exuctly  in  the  iiame  manner 
aii  the  ethyI-com[>ound.       It  remains   liqmd  at  l/iO^^^  boils  at  301—302^  nuder  a 

SFf^wure  of  731  lam. ;  dissolves  easily  in  alcokolj  ether ^  and  btmzcne.     Alcoknlie  poUuih 
ecomposet  it^  t»ven  ut  ordini^  temperotores,  into  acetic  a^  and  benebydroL 

Bemhydrolic  Bensoate,  ntmtt  l^- — ^Pfodnced  by  fbsing  3  pta.  benahydrol  mth 

3  ptt.  benanie  add,  eontinntng  tbe  heat  till  the  most  begint  to  boil  quietly,  dissolvitig 
the  eoolfld  product  in  eth^r,  ngitaiiog  with  polatb,  and  evaporating.  Tne  residue  is 
then  pnlveriscd,  washed  with  alcohol,  diBsolved  in  ether,  and  the  solution  Is  mixetl 
with  an  equal  volume  of  alcohol  and  left  to  evaporate.  This  compound  is  not  produced 
by  treating  beushydrol  with  chloride  of  bensoyl,  which  indeed  acts  just  like  chlundii 
of  phosphorus,  producing  nuthing  but  benxhydrolic  oxide. 

Benxnydrolic  bensoate  forms  trimetric  crystals  in  ndiich  the  principal  it  to  tlie 
teeondary  axi^s  as  1  :  0-4770  :  0  6652.  They  tfe  ntually  four^sided  prisma.  odP,  with 
angles  of  51^  and  129^,  and  terminated  by  a  bmchydome  F«  with  angles  of  117^ 
SOT  and  112^  30'.  It  melta  between  87*5^  and  89^;  dtsaolres  easily  in  f/A<^  and 
bmgtnif^  sparingly  in  cold,  moire  cosily  in  hot  alc-ijAttt.  It  is  decomposed  by  distillation, 
leaving  a  carbonaceous  residue  and  yieldtng  a  distillate  oontaintrig  benzoic  acid,  ben* 
Boic  anhydride,  an  oily  body  slightly  solnble  in  cold  alcohol,  and  a  small  quantity  of 
a  hydrocarbon,  C'*H*^  By  evaporation  with  edcoholk  paUmk-^olitttt^n^  it  is  completely 
VRtolved  into  bentoie  add  and  ben^hydroL 

Benikj/droiic  SucctnaU,   C**H*K)*    -  (^^J^T  1 0». -Produced,  simUarly  to  the 

preceding,  by  Ibeing  an  intimate  mixture  of  30  ^t».  benihydrol  and  9  pis,  f;uccinic 
acid.  It  teparatefl  firom  boiling  alcohol  as  a  very  light  ma»s  of  smnll  shining  scalee ; 
melts  at  141^ — 142^,  and  aolidifiGis  on  cooliDg  to  a  transparent  amorphous  mast, 
iniinediately  becoming  crystalline  when  gently  heated.  It  it  insoluble  in  WAter, 
sparingly  soluble  in  cold  alcohol^  rikfT,  and  ben^en^^  more  ea^iily  when  heated.  It  bnma 
with  a  smoky  flame,  leaving  no  residue.  By  alcoholic  ^ta»h  at  tho  IxJiling  heat,  it  is 
eomph'tely  resolved  into  succinic  acid  and  bonxhydrol  B^  disttllatiun  it  is  partly 
TvWved  into  succinic  add  and  a  hydrocarbon  C"H'\  which  may  be  called  benz- 
hydrolene: 

C»*H»0*     -     C»H*0«  -¥   %0*WK 
Another  kind  of  decomposition  appears,  however,  to  take  place  at  the  tame  time,  for 
the  quantity  of  benzhydrolene  obtained  i»  but  small,  and  it  is  accompanied  by  a  con* 
fiidenible  quantity  of  an  oily  product. 

To  prepare  benzhydrolene,  benKhydrolic  enecinate,  or  a  mixture  of  Fuccinir  acid 
aufl  benzhydrol  is  repeatMly  di still nd;  the  Komisolid  di»tillate  is  fre<?d  frcm  litjnid 
products   by  cold   alcohol,    from  sncdnic  acid  by   potash,   and  from  undecomf»osc*d 
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WnzhydroHc  succinate  by  treatment  with  alcoholic  potash,  and  the  residual  ptodnet  is 
crystallised  from  boiling  benzene.  It  is  also  produced,  as  already  oboerred,  bj  the 
diT^distillution  of  benzhydrolic  brnzoate. 

Benzhydroleno  melts  at  209^ — 210°.  It  is  nearly  insoluble'  in  oold  a2or>Ao/,  and  only 
slightly  soluble  in  boiling  alcohol,  from  which  it  is  deposited  in  amall  needles  oo 
cooling.  It  dissolTes  sparingly  also  in  ether,  but  eeaaij  in  hot  benfeme,  whenee  it 
crystallises  for  the  most  part  on  cooling.  It  does  not  combine  with  picric  add. 
(Linnemann.) 

PH»M  YlfMaMTYTt A  M I  ■  B,      Syn.    with  PHMinnrTOi.TiA]aici^    or  Toltit 

AMILIKB  (p.  454). 

KTUnr  AXXn*  or  rather  DgmprTL-Dimumuam-DiAMiKB  or 


DirHEicYL-DiTOLTLBNB-DiAMnni,  (C^*)«(C'H*)*N«  (see  page  458). 

PBSVT&-8SOinMB8ATZV«    See  FHHim^lifBaATlKB  (p.  485). 

C*H'0) 
PBSWTIi-BinmUklKZBB.    C>«H"NO  »  CH*    VN.  (Gerhardt^  Ann-Ch. 

H    > 

Phys.  [3]  xzxviL  329.) — Produced  by  the  action  of  aniline  on  butyric  anhydride  or 
chloride  of  butyryL  It  is  insoluble  in  water,  but  easily  soluble  in  alcohol  and  tAet, 
and  crystallises  from  weak  boiling  spirit  in  beautiful  nacreous  lanuoe.  It  mdti  at 
90°,  and  distils  without  alteration.  It  is  scarcely  attacked  by  boiling  potash-ky,  bat 
gives  off  aniline  when  fused  with  hydrate  of  potassium. 

:o  AOXB.    See  Cabbamic  Acm  (L  761). 

I.    See  Cakbamidb  (l  755). 

WTTILAMMMH  or  Cetylaniline,    (See  PHSNTLAMniaa^  p.  450.) 

TZV.     See  PHENTIIMESATUrS  (p.  485). 

BBHTX-CHZiOSOCTAVAaiZBa.     See  PHEmruLMlirBS  (p.  442). 

See  Cqtnaicidi  (i.  989). 

>KEVTX-CZTSAOOVAlKZBas.    See  CiTBAOOinc  Acid,  Axidss  of  (i.  993). 

.    See  Crmic  Acm,  Axidbs  of  (L  1000). 

T&-BZAaKZn8.    See  Phsntlaminbs  (p.  454). 

CH^. — ^A  liquid  haying  this  composition  and  boiling  at  91^  was 
found  by  Church  (p.  415)  among  the  products  of  the  distillation  of  phenylie  chloride 
with  sooium-amalgam. 

PKaMTXJnra^ZAaOMB.    C^W  -   (^7|n«.  (Hofmann,PhK.Eoy. 

Soc  XL  518  ;  xii.  639.) — This  base  is  obtained  by  the  action  of  redneiBg  agents  oo 
nitraniline : 

C«H«(NO«)N  +   H«     =     C*H"N«  +   2H»0, 

and  exhibits  the  isomeric  modifications  a  and  /3,  according  as  it  is  pxodaced  fitmi «-  or 
iS-nitraniline. 

Alpha-phenylene-diamine  is  easily  prepared  by  the  action  of  fenooa  acetate  oo  •- 
nitraniline,  or  by  the  prolonged  action  of  the  same  reagent  on  dinitrobefiaeae,  that 
compound  being  converted,  first  into  nitraniline,  and  then,  by  a  oontinaation  of  the 
same  action,  into  phenylene-diamine : 

C«H*NO«)  OH^NOV  C»H*NH»> 

N0«{  NH«J  NH«{ 

Dinitrobeniene  NitraniUue  Phenylcne-diaaaliie. 

The  substance  called  semibenzidsm,  which  Zinin  (J.  pr.  Chem.  ^^r^ii-  44) 
obtAined  by  the  prolonged  action  of  sulpliide  of  ammonium  on  dinitrobensene,  some- 
times in  brown  fiakes,  sometimes  as  a  yellow  resin,  exhibiting  the  composition  C^'N*, 
was  propably  impure  o-phenylene-diamine. 

Befa-phenylene-diamine,  the  product  of  the  reduction  of  /3-nitraniline  (obtained  from 
nitrophenyl-acctamide,  &c.,  p.  418),  may  also  be  prepared  by  two  other  processes^  ris., 
a.  By  the  action  of  ferrous  acetate  on  dinitraniline : 

OH*(N0«)«N   +   7H«     «     C«H»N«  +  NH»   +    4HK> 
h.  By  the  action  of  zinc  and  sulphuric  acid,  or  other  powerful  reducing  agents,  on  dini- 
trazobenzene  (i.  478),  or  dipbenme,  C^«N*  (ii.  336^  which  is  the  first  product  of  the 
same  kind  of  action  on  dinitrazobenzene : 

C'^H'N^NO')*  +   6H«     -     AWO   +   2C^«N». 
Dinitraiobenxene.  Dipbeniaaw 
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Prt>pfrtifM.—M^hn'ph^nyhxi^-diB,miDe  when  iwthlj  dit^lled  i»  a  sligtittj  colotirrd 
hfittvy  oil  whit^li,  Uk^  llDillIlf^  hnin  «  tendency  to  umiine  •  brovti  colour  on  exposui^ 
to  the  air.  It  ofiea  remnins  liquid  for  dtiyt,  snd  ih«ti  mduallj  aolidiflc«  to  n  fniui«  of 
ctjwit^  vhich  be<^omf^  hard  and  whitf  by  WBshing  witK  ether.  It  m^Jta  at  63^,  boila 
At  near  287**,  and  distiU  without  dA«>mpoifJtion.  It  ii  very  aoluble  in  waUr  and  i« 
attokoi^  forming  aolaUoas  which  have  a  diatinctly  alkaline  reaction ;  much  lew  ■olublo 
in  ftkrr, 

Beta-phenylene-diAtniOf'  crvRtalUaea  much  more  readily  than  the  o-biiM.  It  melta 
at  140^«  hoik  at  2f^7^,  and  sublimca  ercn  below  tta  boiling  point,  in  splendid  ciyetalline 
platet  mannbling:  pyrogallic  acid. 

A  aolution  of  ji« phony IPDe-diaiaine  in  sulphuric  add  mixed  with  peroiLtde  of  man- 
guncwft  yields  qui  none,  which  diatils  over  on  heating  the  mixture  and  crystallise  in 
the  receiver : 

C"H^»   ♦   2Wm'  +  Mn'^O"    -    C«H*0«  ^-  Mn'SO*  +   (NH*)'80^ 

Alpha-phf^nylonenliamuie  when  similarly  treated  erolres  a  faint  odour  of  quinoni , 
but  df>ee  not  yiAd  erystala. 

Both  m<4itierttion«  of  pht^nylcnc-diamine  are  di-add  and  form  salts  which  ci7Stiilli«te 
MJtlj  and  well.  Th^  ^salt»  ar*^  more  aolnble  than  the  a-salta.  ^-phwiylpoe- 
diamine  and  it«  salta  are  remarkable  tor  the  fibctlity  with  which  th«'y  are  converted 
into  Tiolet  and  blue  compounds  under  the  inAuenoe  of  oxidising  agenta,  enefa  aa 
chlorims  bromine,  chromic  ucid,  ferric  and  plalinic  ehluride,  &c«  The  sails  of  botli 
modifications  are  easily  decomposed  by  the  ftxi^  eaastic  alkalis,  the  J9  base  crystal tistni; 
immediately,  whercas  the  «  oase  aepantteB  in  oily  globules  which  only  gruduully 
solidify.  The  base  is  also  separated  from  ila  salts  by  ammonia,  but  redissolvett  in 
ex(N^  forming  a  solution  which  gradually  turns  brown  and  deeomposea  This  may 
p#*rliaps  explain  why  the  diamine  cannot  be  conveniently  obtained  from  dinitrobcnEeno 
oy  reduction  with  sulphide  of  ammomtmL 

HydrochUn-ati  of  a-pkmsfltne-diamm€,  C^«in.2HCl  or  fC*H*)"H-N'a*,  is  Tery 
Boluble  in  water,  but  cryiKtiulises  easily  from  eon eent rated  hydrochlnric  acid.  Thp 
0-kiifdrochloraU  is  also  extremely  soluble  in  water,  sjiariugly  in  hjdroehlorie  arid,  nnd 
ciystailises  in  Urge  priims.  The  a-ckiorffplatinaU,  C*U*»N*€RPt"Cl*,  cry»taUisi*8  in 
splendid  needles.  The  fisalt  ot  the  same  oompoeition  forms  light  yi.U<iW  plates 
extremely  soluble  in  wat<>r  and  eajuly  decomposed  ny  hf^t 

The  ^kjfdrohrmNaie,  CWN'.2HBr,  rea«mbtea  the  hydrochlor&te  in  eYory  reapeet. 
The  a-kydroi)romatf  and  a-kydnodate  separate  immediately  in  crystalHup  niassee  on 
bringing  the  baae  in  contact  with  the  respectiTe  acida ;  thev  cryHtiultse  splendidly  from 
water  an(!  mora  etperiaUy  from  alcohol  The  niiraie,  oxalate^  and  sulphate  also  crys- 
tallise well 

Both  a*  and  ^«phenjleneHiiAminfl  are  readily  attacked  by  the  alcoholic  iodides.  By 
alternate  treatment  with  iodide  of  methyl  and  oxide  of  silrer  (or  distillation  with  soda^ 
twioe  repeated,  and  one  more  treutment  with  iodide  of  methyl,  each  l«se  yields  a  well 

erystallised   iodide   containing  C"H«N'P    =    ^f^^iyi^*''^*^'^'^' *^' ^***^^^«  <^f  ****• 

rCH'n^j"^'*  crystallising  b  plates 
extrero^y  soluble  in  water,  less  soluble  in  alcohol.  It  exiiibits  the  same  properties 
whether  prepared  from  a-  or  from  ^'phenylene-diamine,  excepting  that  the  j3  compound 
is  the  more  soluble  of  the  twa 

Intermediate  compounds  may  of  conrse  be  obtained  by  stopping  the  action  at  an 

eariief   stage.      ^-tetramethyl-phenylene-dianuney  vp||,v|^K*,  treated  with  mcthylte 

iodide  yields,  before  being  coUTerted  into  the  hexniethylated  compound  above  men- 
tioned, a  rather  difficultly  soluble  pentamethylated  ioaide  containing  C*'H**N'I    =» 

^CH'"!^  \  ^'^^ll'l  i  ^^^  ^^  when  treated  with  hydriodic  acid,  is  conTerted  into  the 
di-iodide      nf     pentamethyl*phenylene-di  ammonium,      C^'H^N*!-       » 


Ikrivatives  of  Pkenylmt-diamine, 


Wltroptl«iijloiio*(llafnla«^  CH'N'O-    .=     t^'^^*^'^^"|N».     Atopkmy/timine 
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(Gottlieb).  Nitrazophenyiamine  (Gerhard!).— Thi«  eoinpoiiiid«  diflcorered  by 
Gottlieb  (Ann.  Ch.  Pharm.  IxxxT.  27),  is  produced  by  the  action  of  sulphide  of  am- 
monium ou  dinitraniline : 

CTI»(NO*)«N  +   3H«S     -     CJ^'JPO*  +   2HK)  4-   8". 

When  dinitraniline  is  boiled  for  about  two  hours  with  a  large  ezcew  of  solntioii  of 
sulphide  of  ammonium,  the  liquid  acquires  a  dark  red  colour,  and  the  cfTstals  of  dini- 
tmnilino  disappear,  being  succeeded  by  a  network  of  delicate  shining  dark  red  needle^ 
which  fraduallv  increase  in  quantity,  and  are  likewise  abundantly  deposited  after  the 
action  is  completed  and  the  liouid  has  cooled.  The  compound  is  obtained  ym  by 
precipitating  it  from  the  hydrochlorate  or  oxalate  purified  by  aeyeral  ciysraUisations, 
and  then  reciystallising  it  two  or  three  times  firom  hot  alcohol 

Nitrophenylene-diamine  crystallises  in  groups  of  long  slender  needles  haying  a  sli^ 
red  colour  when  dry,  and  exhibiting  a  golden  iridescence  on  their  broader  UatA, 
When  separated  by  ammonia  from  a  saturated  solution  of  one  of  its  salta,  it  takes 
the  form  of  a  dull  brick-red  powder ;  but  dilute  solutions  deposit  it  in  small,  reddish- 
3'ellow,  shining  plates.  It  melts  at  a  high  temperature  and  yoladlises  in  ^real  part 
without  decomposition,  forming  a  woolly  sublimate.  When  suddenly  heated,  it  ejqplodes 
slightly,  leavine  a  residue  of  charcoaL  It  dissolves  readily  in  water,  aleobol  and 
ether,  forming  deep  red  solutions. — Nitrous  add  eonverts  it  into  asonitropheay- 
lenic  acid  (p.  484). 

It  combines  with  acids,  forming  mono-acid  salts  which  are  decomposed  by  water  and 
by  alcohol,  with  separation  of  the  base  :  hence  in  preparing  them,  it  is  neoessaiy  to 
let  them  crystallise  in  presence  of  an  excess  of  add. 

Sulphate  of  Nitrovhent/Une-diamine,  (C«H'N»0*)«H'*SO*,  is  obtained  by  dissolnng 
the  base  in  warm  dilute  sulphuric  add,  and  separates  on  cooling  in  yellowish  scales^ 
having  a  fatty  lustre  and  containing  8*20  per  cent  sulphur. 

A  mixture  of  the  solution  of  this  salt  with  sulphate  of  alununa,  does  not  yield  any 
double  salt  when  left  to  evaporate. 

The  HydrocMoraie,  CJ'Hns'GMIClH'G,  may  be  prepared  by  boiling  the  cmde  base 
with  dilute  hydrochloric  add,  which  dissolves  it^  leaving  only  a  residne  of  solphor  and 
a  secondary  product  of  a  dull  green  crystalline  aspect,  part  of  which  also  passes  into 
the  solution.  To  free  the  salt  completely  from  this  impurity,  it  mnst  be  repeatedly 
dissolved  in  boiling  dilute  hydrochloric  acid  and  recrystallised.  From  a  concentrated 
add  solution,  it  separates  in  yoUowish-brown  needles ;  from  a  dilute  solution  by  ^)on- 
tanoous  evaporation,  in  oblique  prisms  often  four  or  five  millimetres  in  length  and 
united  in  groups.  These  crystals  exhibit  a  light  brownish-green  colour  l^  transmitted 
light,  and  a  peculiar  blue  iridescence  on  some  of  their  faces  by  reflected  lig^t.  The 
add  solution  has  a  greenish-brown  colour.  The  o^stals  contain  1  at.  water  which 
they  give  off  at  100^,  or  in  vacuo  or  over  oil  of  vitnol  at  ordinary  temperatnrea.  At 
100^,  however,  partial  decomposition  takes  place  and  hydrochloric  acid  is  c^iTen  oC 

Chloroplatinate,  2(C«H'N'0«.HCl)PtCl*.— A  dilute  solution  of  the  hydrocUaxate 
mixed  with  tetmchloride  of  platinum,  does  not  yield  a  double-salt,  the  platinum  being 
reduced  to  the  metallic  state  (Gottlieb);  but  on  adding  the  chloride  of  platinmi  to 
a  concentrated  solution  of  the  hydrochlorate,  the  chloroplatinate  is  obtained  in  i^kadid 
long  brown-red  prisms.    (II  of  man  n,  Proc.  Roy.  Soc  x.  499.) 

Cmnoplatinatf,  2(C«n'N»0».HCy).PtCy\|HK).— Obtained  by  adding  the  crystal- 
lised hydrochlorate  of  nitrophenyleno-diamine  to  a  boiling  aqneons  sohitioo  of 
platinocyanidc  of  magnesium.  The  solution  separated  by  filtration  from  a  small 
quantity  of  dark  insoluble  matter,  gradually  deposits  a  mixture  of  the  cyanoplatinate 
and  the  f^  base,  which  latter  may  be  removea  by  digestion  with  a  small  qnaatihr  of 
dilute  hydrochloric  acid.  It  forms  large  lamiiue,  having  a  light  brownish-yellow  ooloor 
and  strong  lustre,  and  giving  of  their  water  at  112°.  They  cannot  be  recrystallised 
from  water  without  partial  decomposition. 

Nitrate,  C«H'NK)*.NHO\~-Warm  dilute  nitric  acid  readily  dissolves  nitrophenylnie- 
diamine,  but  the  solution  soon  acquires  a  dark  colour  and  deposits  flake^  indieatiiig 
partial  decomposition.  The  puro  salt  may  however  be  obtained  by  moislenii^  the 
base  with  water,  and  pouring  dilute  nitric  acid  upon  it  by  small  portions :  it  is  then 
immediately  converti-a  into  a  thick  magma  of  micaceous  scales,  which  may  be  freed 
from  the  mother-liquor  by  pressuro  between  paper.  The  salt  thus  prepared  is  anhy- 
drous, and  may  bo  kept  for  months  over  oil  of  vitriol  without  losing  its  lustre. 

OxalaU,  2C«1PN»0*.C«H«0*.— Obtained  by  dissolving  the  base  in  aqneons  ondie 
add.  From  concentrated  solutions  it  separates  in  yellow  neodles;  from  more  dflute 
solutions,  in  brownish-yellow  prisms,  exhibiting  a  bluish  iridescence  on  certain  fi^es. 
It  is  anhydrous,  and  dissolves  but  sparingly  in  cold  water. 

The  sulphate,  2C*H'NH)*.H'S0^  is  obtained  by  dissolving  the  base  in  warm  dilate 
Mlphorie  add,  and  separates  on  cooling  in  yellowish  scales  having  a  fiitty  histrcc 
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O^nrttpkm^amidt 


IP        i 

(Got  tit  ell).  NUraitmkenvt'OxaMicU  (Gerhard  t), — When  iiitrop1ieiijlen«>diHmiaft 
is  diwolTHi  in  excmm  of  oxalic  acid.  And  the  liquid  h  evupormted  over  the  wat*r-biH  h,  a 
browuijih-gx^o  residue  is  obtaio^'d,  consieting  partly  of  mtrophenjrl(?DeKixidiamic  acid« 
and  portly  of  nitruphf'nylene-oxainidfi : 

Aekt  o&tlate  or  Nitron  K)tfoph^jteiw-osk 

fbtttylen^dimtakiA^  dlamklacid. 

KI(roph«n;r}«nfr- 

If  k«pt  for  some  time  at  100^  it  is  tdmost  wholly  conrert^d  into  the  lAtt«r  oompomsd^ 
without  chiLDffe  of  aspect.    (Gottlieb,  Amu  Cb.  Pbnrm.  Ixxxt.  AS.) 

Aot,    C-HT^-^O*    -       (CO*)"  fg. 


Nrr  EtOPKENTLUTB-OXIDIAXIO 


OjcaliuO' 


pkm^hmic  acid  (Gottlieb).  Nitrasophcn^l-oxamk  aetd  (Oerhardt).— The  am- 
momum-etilt  of  this  acid  is  obtAined  by  treating  the  browin»h-grc>en  residue  above- 
tncntionfHd  vilb  aqueout  amnionia.  It  is  sparingly  soltiblf*,  and  crystallis^fl  from  tk^jlw/t 
aquooits  solution  in  yt-Uow  m^xlb?*.  The  hartnm-sal(,  C'*H'*Bft''N*0**.3H^0,  is  ob- 
tained as  a  light  orange-cokured,  sparingly  solublo,  crystalline  precipitate  on  mixing 
the  ammomnm-fcalt  with  fbloride  of  bartom.  It  rebnins  3  aL  water  at  100^,  and  b«- 
eomei  anhydrous  at  l#0^  By  decern  posing  this  salt  with  hydrochloric  aeid,  the  fhsa 
acid  it  procipitated  in  small  light 'yellow  granular  crystals.    (Gottlieb,  loc,  cit.) 

(cmTl 
n    y 

(eR*N')'|  j^     (GriesB,  Phil.  Trans.  1864,  [3]  682.)— Thia  eompcMind  ia  proda««d  by 

the  action  of  aqueoxm  ammonia  on  pcrbromide  of  azophenylammouium : 

C-H*N*Be     ^     4NH«       ^       C«H*N»     +     3J^H<Br. 

The  action  is  attendt^l  with  oonstdervhle  i*Tolution  of  heat,  bromide  of  am  moninm  passing 
into  Roiution,  and  atophenylene-diamine  it*  parating  as  a  hi^avy  lirown  oil,  which  may  be 
nearly  de43olorised  by  repeated  dislitlatiou  with  water,  then  dried  over  chloride  of 
colrinm^  and  ^ally  redistilled  nnder  dimiubbed  prt^i^sure. 

Azophenylene'di  amine  is  r^'markable  for  its  narcotic  aromatic- ammoniacal  odonr* 
It  rolatilises  by  difttillation  with  water,  or  when  heated  in  a  Tacnuro.  but  on  attempt- 
ing to  distil  it  under  the  ordinary  atmcwpheric  prewniw  it  decomposes  with  explosire 
violence.  It  is  nut  solidifie<l  by  a  frigorific  mixture  of  nitre  and  Md-ammoniac  Alcohol 
and  ether  dissolve  it  with  some  difficulty.  Hy<lrochkiric  acid  e?en  when  concentrated, 
and  aqneons  potash  have  no  action  upon  iL  Strong  nitric  and  sulphurie  aridN  dissolve 
it  wfthont  deeom position.  Nascent  nydrogeUt  generated  by  tine  and  sulphuric  acid  in 
an  alcoholic  solution  of  the  diamine,  r^ttcea  it  to  aniline  and  ammonia  : 

C?«H*N»     +     H«       -       C^H'N     +     2NH». 

(C*H'Bt)' 
A»obromopti0pylene»dimroinct  OH*BrN*    -        K"        N\  or  BUu&hrotHo^ 

H 

btneolimidt,  (C*HTlrN»)"  J  ^     ^q  r i  e  s  s.  PhiL  Tninau  1864  [5]  700.)— Perbromide  of 

Mobroino-phenylammonium  (p,  437)  is  converted  by  aqueous  ammonia  into  n  yellowisb 
oil  which  by  a  single  dxEtTllntion  with  water  yields  pure  azobromophenylenedi amine. 
This  compound  generally  forms  a  white  or  slightly  yellowish  mass  of  small  crystalline 
pljites  which  melt  at  2l>'^  to  a  heavy  t>iL  It  is  insoluble  in  water,  rather  sparingly 
soluble  in  alcohol,  easily  soluble  in  ether  and  benzene.  It  distils  n^adily  in  presence 
of  wster»  but  explodes  feebly  vhen  distilled  alone.  When  exposed  to  the  air  it  i^pears 
to  volatilise  gradually,  emitting  the  same  aromatic  ammoniacal  odour  as  osophenylene- 
dinmine.  It  resembles  the  btter  moreover  in  its  behavi^nr  with  various  reagents : 
caustic  potash,  hydrochloric  acid  and  bromine  have  no  action  upon  it;  strong  sulphuric 
and  nitric  acids  decompose  it  readily. 

Notioent  hydrogen  generated  by  xinc  and  inilphnrie  add  in  an  alcoholic  solution  of  the 
diamiuei  converts  it  into  bronianiline  and  ammonia  : 

C*H'BrN»     +     H'       =       OH-BrN     +     2Nm 

t  1  2 
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By  acting  upon  perbromide  of  azobromophenylammoniam  with  ethylamine,  aniline, 
&e..  comflpoDdinK  sabstitutioD  products  of  asobromophenvlene-dUmiiie  AVd-obtaiiMd. 

(C«H»Br)') 
EU^l-ago-bromophmylene-diamine^        W      vN*,  ioxmM  a  yellowiah  oil  wiiieh  does 

pot  aolidify  even  when  cooled  much  below  0^. 

(C*H«Bp)-| 
The  oorresponding  phtnyUcompound,       N**      >N*,  forms  onuige-yellow  crystak. 

OH»    ) 

AaodlliroiBoplMiijleiie-dlamine,         N**       vN*,  is  pfoduoed  bj  the  action  of 

H        J 
aqueous  ammonia  on  perbromide  of  azodibromo-phenylammonimn,  and  after  mpeated 
crystallisation  from  alcohol,  forms  white  needles  wnich  melt  at  62^,  and  detonate  slightly 
at  a  hiffher  temperature.    It  is  very  little  soluble  in  water,  more  aolnble  in  hot  alooho^ 
easily  in  ether.     (Griess.) 

(C^«Cir) 
Asooliloroplioiiyleiio-dlamliie«       K**      vN*,  forms  easilj  ftuiUe  eiystals. 

H       j 

(c«H»in 

Aao-iodo-plieiiyleiie-aiamiBO,      VT     vN*   forms  yeUomih-white  erystali 

H       3 
which  are  easily  fusible,  and  pass  over  on  distiUation  with  water  aa  a  Tellowish  oil 
which  soon  solidifies.    It  has  an  aromatic  ammoniacal  odour  like  that  of  the  analogous 
componnds  previously  described. 

[C-H«(NO«)]*) 

ABO-Bltro-ipbeiiyleiie-diMiilne»  CH'KK)'  «  TST       VN*.     Dtaronitro- 

H  * 
henMoUmide,  (Gri ess,  Phil  Trans.  1864,  [3]  708,  710.)->This  compoond,  like  nitmni- 
line  and  all  its  other  derivatiTes,  exists  in  two  isomeric  modificationa,  which  are  obtained 
by  the  action  of  aqueous  ammonia  on  the  perbromides  of  a-  and  /S-asonitiuphenyLini- 
moniun.  The  a-compound  crystallises  in  oranjge-coloured  needlea  which  melt  at  52°. 
It  is  somewhat  soluble  in  hot  water,  from  which  it  oystallises  on  cooling  in  whitish 
needles.    It  has  somewhat  of  the  odour  of  nitrobensene. 

The  /3-compound  is  obtained  by  repeated  crystallisation  fccsm  hot  alcohol  in  xerj  bril- 
liant vellow,  rounded  plates,  which  are  so  soluble  in  hot  alcohol  that  a  saturated  solu- 
tion deposits  a  magma  of  crystals  on  cooling ;  they  also  dissolre  as  readily  in  ethrr. 
In  boiling  water  they  melt,  forming  a  yellow  oil  but  slightly  soluble  in  water,  the  dis- 
solved portion  yielding  very  fine,  almost  white  erystus  on  cooling.  Tlie  crystals 
obtained  by  reoystallisation  from  alcohol  melt  at  71^>  a  temperaUure  mnidi  higher 
therefore  than  the  melting  point  of  the  o-oompound.  The  /B-compound  ezplodea  when 
heated  a  little  above  its  melting  point. 

Aaoattroi^ieiijtoBlo  aeld.  (Hofmann,  Ploe.  Boy.  Soo.  z.  496.) — This  acid, 
isomeric  or  metameric  with  asonitrophenylene-diamine,  is  prodooed  by  the  aetioo  of 
nitrous  acid  on  nitrophenylene- diamine,  the  change  consisting,  aa  in  other  cases  of 
nitrous  substitution,  in  the  replacement  of  3  at.  hydrogen  hy  1  at.  nitrogen: 

C«H^»0«  +  NHO«    -     2H«0  +  C^H*N'")N»0«. 
Onpassins  a  current  of  nitrous  acid  gas  into  a  moderately  concentrated  aolntion  of  nitnte 
of  nitraaophenylene-diamine,  the  liquid  becomes  slightly  warm,  and  on  <My>ling  dapoatsa 
considerable  quantity  of  brilliant  white  needles,  which  are  sparingly  aolnble  mooid, 
easily  in  boiling  water,  and  may  be  purified  by  two  or  three  recrystalliaations. 

The  acid  thus  purified  forms  long  prismatic  crystals,  often  interlaced,  white  as  kng 
as  they  are  immersed  in  the  liquid,  but  assuming  a  slightly  yellowish  tint  when  drie^ 
especially  at  lOO^* ;  they  dissolve  readily  in  alcohol  and  in  ether.  It  melts  at  211^  and 
sublimes  in  prismatic  crystals  with  partial  decomposition  at  a  somewhat  higher  tna- 
perature.  It  is  romarkably  stable  and  may  be  boiled  either  with  potash  or  wShihydxo- 
chloric  acid  without  undergoing  any  change;  neither  is  it  decompoaed  by  p^mr 
nitrous  sad  gas  into  the  aqueous  or  alcoholic  solution.  ^ 

The  crystals  have  a  distinct  acid  reaction,  and  dissolve  at  a  gentle  heat  in  notash  or 
ammonia,  without  however  neutralising  these  liquids.  The  acid  also  disaolTcsindQEa- 
line  csrbonates,  but  without  expelling  the  carbonic  add.  The  voioMMiMMM^m^i  M>»fr.;«« 
C*H»KNK)«,  and  the  «Viw-*flft^»AgN«0».  i-'— — m«»-s««  contaum 


f 


riX-BttUXiVHO-BXAJaO  ACD.     See  6ui.fkaxio  Btrus. 
wmmm^^amm.     C-H»«    -    C«H»C«H».     (Tollens  and  Fittiir  A««  n, 
Pharm, '^  ^lOw^Fittig,  tWrf.  axxiii.  222.)^T)iis  compound,  iaomijfc.^^ 
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td«titicid»  vitb  xvl«ne  (^*  v.\  in  obUkimHl  by  tha  action  of  sodium  on  a  mixture  of  bromo- 
bMmne  (bromtde  of  phenyl)  and  bromide  of  ctbjl,  diJat4Ml  with  pure  ntheT.  The 
ftction  JM  rallier  energ«?tic  and  require  to  be  moderated  by  extemftl  cooUng,  The  diBtillare 
after  being  fpttd  from  ether  conwstfi  aknoat  wholly  of  ph«iyl*«thyl,  with  only  traces  of 
fr<*«  ethyl  and  phenyl 

Phenjl-Dthyl  ia  a  colourless  mobilo  liquid,  very  much  lilce  toluene  and  boiling  at  133°, 
B/  oxidation  with  tkrmnate  of  potassium  and  sulj>httric  OJC-id  it  iii  tHjnT^rtM  ioto  ben- 
zoic aeid  (a^'lcsne  trAattd  in  the  aame  manner  yields  terephthalic  acid^  C"H*0^), 

Bramine  acta  abwly  cm  pheojl-ethvi,  with  riae  of  ti^mperature  and  ^-Tolution  of  hjdio- 
bromic  add,  and  fonna  a  heavy  colourlese  transparent  liquid,  boiling  at  200^,  attd 
eahibitinff  the  oompovition  of  monobromophenyl-ethyl,  C*H*Br.  Heated  in 
sealed  tubes  with  excess  of  bromine,  it  m  eonvf>rtiHl  into  a  heavy  \iscid  oil  oonsiAting 
of  a  mixture  ofBeTeraJ  more  highly  bromiuatedcompoanda, 

Fhenyl-Pthyl  treated  with ^fufmng  nitric  acid  in  a  Teasel  pxtemalljr  cooled  \a  conT(?rt*»d 
into  mononitrophenyt -ethyl,  C'H'fNO"),  which  when  precipitated  by  water  aud 
purified  by  washing,  drying  over  chloride  of  cah-ium,  and  rectification,  forms  a  light 
yellow  oil  heavier  than  water  and  boiling  without  deoompositiou  itt  2^3*^  (nitroxylooe 
is  deoompoaod  by  diatillatioii).  It  is  easily  rinluced  by  tin  and  kydrvehk/ricaeid,  yield- 
ing the  hjdroehlorate  of  a  base  which  in  the  free  stitto  forms  a  colourless  oil^  tnming 
brown  on  ezposnre  to  the  air,  bat  not  sottdtfying.  The  oxalatf  of  this  base  cryttalliaea 
in  large  <xilourles«  noedlea,  only  slightly  soluble  in  cold  water.  The  chloropluti7nU$ 
crjst&lli^s  in  shining  scales. 

D  i n i  t  ro  p h e  n y  1  - et  hy I,  C*H'(NO*)*,  is  produced  by  heating  the  mononitrO'Com* 
^•citiud  vilh  nitric  acid,  or  when  phenjl-ethjl  is  graduaUy  dropped  into  a  mixture  of 
2  roi  strong  sulphuric  and  1  \'oL  fuming  nitric  acid,  and  the  dear  liquid  i^  gently 
heated.  It  then  sf^piimte^i  on  the  surface  as  a  yellow  oil  which  (»nnot  be  distilled,  but 
may  be  purified  by  washing  with  water,  solution  in  alcohol,  and  drying  over  sulphuric 
acid.  It  then  forms  a  light  yellow,  perfiH^tlj  transparent  oil,  which  disaolvea  in  Doilkg 
alcohol,  separatci  almost  completely  on  cooling,  and  is  decomposed  by  distillarton, 

Trin  it  rophcnyl- ethyl,  C"H*(NO')',  is  produced  in  small  quantity  in  the  pre- 
paration uf  the  dinitro-compouud,  as  above  described;  and  the  latt«r  may  be  almotft 
whully  muvt^rtM  into  the  triuitro-compound  by  dissolving  it  in  a  mixture  of  strong 
(iulpbunc  and  fuming  nitric  aoiil,  boiling  the  liquid  for  an  hnur  with  repeated  addifjuii 
of  fnmiflig  nitric  acid,  then  adding  sufficient  fuming  nitric  acid  to  dissolve  the  oil  which 
has  ritein  to  the  surface,  leaving  the  solution  to  its<"lf  for  24  hours,  and  then  pouring 
it  into  water.  The  trinitro-compound  thu«  prfj>*ired  is  an  oil  reaembling  the  dinitro- 
compound,  but  slill  more  viacid,  Hnd  eihihiting  no  tmc«a  of  oyttallisatioDy  even  alt«-r 
lung  standing.  {Xylene  is  easily  converled  by  fuming  nitrie  add,  even  in  the  oild, 
into  a  czystalline  trinitro-com pound.)    11  is  reduced  by  sulphide  of  ammonium  to  a 

base,  probably  ^         ^   jj,^-'  f  N^  which  cr^'stajlises  from  boiling  water  in  orange-yellow 

laminie,  and  forms  a  hydrochlorate  easily  soluble  in  water,  alcohol  and  ether, 

Plienyl -ethyl  dissolves  quickly  tn  gently  heated /i/r«iftj?  tulphtiric acid,  and  the  solution 
if  left  to  itself  for  some  time,  deposits  slender  colourless  needles  of  a  snip  ho -acid, 
C"H'*80',  Tcrj'  deliquescent,  having  a  strongly  acid  and  bitter  taste,  melting  when 
hented,  and  blackening  at  a  higher  temperature.  The  aame  solution  neutralii^i'd  with 
carbonate  of  barium  yields  a  vtry  stable  barium-^olt^  C**H*'Ba**3^0*,  which  crystallises 
in  beautiftil  stellate  groups  of  fiat  silky  needles,  much  less  sotubln  than  sutphotoluylate 
of  barium  ;  it  does  not  suflt^r  any  loss  of  weight  at  150*^.  The  caktHtn-Mit  of  the  same 
acid,  C^*H'*Ca''8K>*  i»  Teiy  soluble  in  water,  and  is  obtained  by  spontaneous  eTSpor- 
tttion  as  a  shining  inirisluceut  saline  mass. 

Ffi£inrx*STBTXJkMlWXa.  See  Etuyl- aniline,  &c.,  under  PsBmrUkimni 
(p.  400). 

FH£irT2.-ro&MAiiai>£  or  rOKacAJrTLn>B.    See  FoBMAifmB  (ii.  682). 

P&EimilC  AGn»,     Syn,  with  Phkxol. 

VBaWTX.X3>i:  or  SJSirxaT]^,     Syu.  with  Phetsx-bknsotl  {p.  47S). 

FBWTXISS  OT  SlTliFa01>aSirVXt.     ijee  SvLPHO-BEXZiBa. 

PBHTTTIi-OttBaATZSrs*  Communds  produced  by  t  re  sting  iaattn  (liL  406), 
brnmi.«i;iilu  imd  chlun»atu»,disf4ulTed  in  bulling  alcohol,  with  aniline  and  its  nibetitution- 
d<<riviitivLS.  Their  rthitiuns  to  imesatin  (iii*  246)  and  their  mode  of  fonnatioD  are 
eahibited  by  the  following  cq^uations: 

OH«N^  -  C"H*NO*         +         NH»        -        H»a 

IflMMStla.  iMain. 

rh''iiylkiut*4ti>i.  tiattn.  AniJine, 


C'*H»BrN'0 

PhenyUhrora- 
imes^tin. 

■» 

C«H*BrNO» 

Bromisatiu. 

+ 

ABiKM 

C'«H»CIN«0 

Phenyl-chlor- 
iniKfatin. 

=» 

CH*C1N0« 

ChlorUatio. 

+ 

Aniline. 

C"H»BrN«0 

Bromophenjl- 
imes«Un. 

* 

C*H»NO» 

ImUo. 

+ 

C^^BrK     — 

C'«H»C1N«0 
Chlorophenji- 

- 

C*H»NO« 

iMtiD. 

+ 

ChlonniliiM. 
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The  compounds  thus  formed  oystallite  from  the  alcoholifi  wohttioa  oo  eooUng  ma^j 
in  yellow  or  orange-yellow  needlee.  They  are  insoluble  or  mariiigiy  wohMt  in  viter, 
easily  soluble  in  hot  tUoohoL  When  treated  with  acids  at  toe  boiuiu;  heat^  ther  ave 
resolved  into  isatin,  bromisatin  or  ehlorisatin,  which  is  preeipitatea^  and  a  aalt  of 
aniline,  chloraniUne,  or  bromaniline  which  remains  in  solntioii.  'With  alkalia  ihtj 
yield  a  soluble  isatate,  bromisatate,  orchlorisatato,  withsepaimtioiiof  aniluie,  IwMUBa- 
line  or  chloraniline.  Isatin  treated  with  nitraniline  or  triofomaniliiie  doaa  not  yicU 
oorrespondinff  compounds  (£ngelhardt»  J.  pc  Chem.  Ixy.  260).  See  also  Gwidm*$ 
Handbook  (xiil  83). 

ricov^^&^^'l     8eelTAooinoAca>(iiL4a«). 

.MA*Ai^S2f^"|    ^  ^^^  ^«^'  TmMMYVLrmD  Amwrn  or 

(ill  797). 

9AFTAV.    See  PHBirTL,  Sulfhtdbatb  of  (p.  418). 

■TBT&.    CnB[*  »  C'H'.CH*.    (Tollena  and  Fittig.  Aon.  Cb. 

Pharm.  cxxxi.  304.) — Produced  by  the  action  of  soidium  on  a  mixtare  of  bRnoben- 
iBenc  and  bromide  of  methyl  diluted  with  pure  anhydrous  ether,  in  a  vneael  extnmanT 
cooled.  The  distillate  is  freed  from  ether  by  heating  it  in  the  water-bath  to  6(P,  and 
then  rectified  two  or  three  times  in  contact  with  sodinnL 

Phenyl-methyl  is  a  transparent  colourless  licjuid,  smelling  like  benaenc^  harinff  a 
specific  grayitr  of  0*881  at  6^,  and  boiling  point  111°,  which  is  the  aame  as  toat 
assigned  by  Wilbrand  and  Beilstein  (Ann.  Ch.  Pharm.  cxxviiL  269)  to  toluene. 
In  fact  phenyl-methyl  appears  to  be  identical  in  every  respect  with  tohiene  obtained  from 
coal-tar  (i.  574).  It  ia  converted  by  fuming  nitrieaeid  into  a  nitio-oomponnd,  (TH'NO^ 
having  the  peculiar  bitter-almond  odour  of  nitrotduene,  boiling  at  222^ — 223° 
(nibx>toluene  boils  according  to  Deville  at  226°,  according  to  Wilson  at  220^ — ^226°); 
and  converted  by  sulphide  of  ammonium  into  a  cnrstalline  base,  CH*N,  baring  all  the 
properties  of  orainary  toluidine  or  benzylamine  (i.  575).  Phenyl-methyl  dtnc^ves  in 
fuming  sulphuric  acid^  forming  sulphotoluylic  acid,  CH'SO*;  and  (like  toluene) 
it  is  converted  by  oxidation  with  sulphuric  aeid  and  ckr<muUe  qf  potasaimm  inlo 
benzoic  acid. 

In  its  identity  with  toluene,  phenyl-methyl  differs  remaikablj  from  pbenyl-etliyl 
and  pbenvl-amyl,  the  former  of  which  is  isomeric,  but  not  identical  with  zjlene,  the 
latter  with  cumene. 


See  MgrHTf.ATnTiim^  Ssc,  under  PftmA* 

MINBS  (p.  453). 

or  identical  with  sulphocyanatc  of  pbenyl-naphthylammoninm  (see  NapirrRTLAHDn, 

p.  22). 

PBsannL-vxT&OBinrzAMZiia.   See  PHRNYL-BBmAjuDB  (p.  476). 

See  OxALUBAsiiDB  (p.  278). 

ZC  ACZB.     See  Oxamic  Ethebs  (p.  282). 

PBOSPKAMZC  AOZB.     See  Phosphakic  Acidw 


PBBanrXi-PBOSPBAllKZBB.     See  Phosfuamidb. 
PBBWYZi.PHTBAZiAMZC  ACZB.^ 


PBBWYZi.PHTBAZiAMZC  ACZB.^      «       d  a  * 

PHBBT&-1  ^MSBB.  (      ^^^  PuTHALIC  AciD,  AjODSS  OF. 


PHILLYRIN. 
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PH£3mp-SAI.ICY2.A]li£ns.     See  SAi.icYtJlMll>sa. 
Fa£»r¥x.-snrirAltiniiB,    See  Sixxijnxm. 

KASSXDS.     See  Stearic  Acid,  Amidjbs  of. 

!St!!™^*'"*{    8ee8nmBcAcn.,Aitn«oF. 

pHEvn-sircczirAiitxc  Acz3»t\ 

pssjmp-sircc!Z]rA.nElii9.  I    See  Bvoarnc  Ajcm,  Aiai»a  of. 

pHi:irrx*'Si7ccz]fl'Z3iizi>B.  J 

VHEiTTX-siniPKAJiCXO  ACXO.    8<!«  Stlfuahic  Etusiia. 

FaEjrKX-strz.PMOCAJiiaii.MSi»£S,    S««  Caabaiuiw  (L  7£6). 

PHXirr^-suxPBOPBainrxAJttziiK.    Be*  ScLFxomsirYLAAioB. 

PHSS'T^-atlSiPatrsSC  ikCtH,     See  SvLFUV&lO  Btubua. 
PaSZTTXi-SUZiPHTrKOUS  ACZB.     S«e  StfUltDBOUA  £T&ftU5« 


S««  Tastaaic  AcxDf  Amidu  09. 


PBBJTYZi-TASTBAJIiXDS. 

pax;irTi.^Ti&JiTmxaczzi£. 

P!tSMY2f-THlOBZlirJIJIiKOr£.     See  TuiosiTTAMurx. 
PMElTYit-TOXTXiAncorii.    Si'e  FmonruLMiNxs  (p.  454). 

PHSMYX-timKiLS.      a  *    CjiiUiAMUlB  (i,  766). 
PBSim»-1f  AXiSKABOIIX.     See  YkLMMUMWR, 
PBZXfeXiXPSXTB.    Limt-hximiotoiue  (see  HARatoTOirs,  iii.  13)« 
PBriiXiTOiamr,     C»^H»*0*,     (BertaKnini,  Ann.  Ch.  Pluuiii,  zcrlL  109,)— A 

rcjfiuous  buK'j^t.iDLC  pFodaced  by  boUiiig  [nhillyriji  with  dilute  hydrochloric  noid,  or 
bf*tt«f«  by  thi'  Ini'tii^  fiTmeiiLatioD  of  pbiilyna.  It  cryataXiiBes  readily  in  a  white  nacnooM 
imwa.  It  is  iuAolubli'  in  colJ  water,  Terv  little  Buluble  in  boiling  water,  but  diMolTM 
easily  in  ai<fhU  md  tih*T.     It  is  polymtric  with  saUgenio  t  C"H^*0*  -   8C^H'0«. 

mlii  eUurine^  hmtmm  and  nitric  acid,  phiDjgenin  fomu  fubstitotioo-defivatiTei 
■imiUr  to  those  obtained  in  like  manner  from  pbillyria  (Be  Lacaji  Momobropkiify' 
gtuin,  CH^BrO*,  cr^t^tailisea  in  ahiniiig  needleii. 

PBSLXt'TBXB'.  O'll"0*>.  (Campona,  Ann.  Ch.  Pluum.  zzit.  S42.— Ber- 
tagnini,  iM>  xdL  1(»£^. — Be  Luc  a,  imd.  cjcriii.  124.)— A  sabtftance  contained  in 
burk  of  PhiUyrfa  latifoHa^  whence  it  is  ext meted  by  treating  the  aqneona  decoction  of 
the  bark  with  qnick-lime  or  oxide  of  lead,  e\'aporHting  the  filtrate,  and  leanng  it  to 
eryatallian.     According  to  De  Luca,  the  motber-liquor  containa  mannite. 

PhiDmn  is  whit^,  crystallisiible,  inodorona,  bitter^  sparingly  soluble  in  cold  witeTi 
more  solnble  in  boiling  water  and  in  alcohol  (Campona).  Iptof  phtlljrin  diasotvea  at 
9^  in  130O  pea.  water,  and  in  40  pta.  alcohol  (De  Lnca)L  It  b  nearly  insoluble  in 
ether,  quite  insc^luble  in  o\\a  both  fixed  and  Tolatile  (Campona).  It  melta  at  190° 
to  a  colourleius  liquid,  which  begins  to  decompose  at  260^.     (De  IfUca*) 

According  to  B»  rtagnini,  the  formula  of  crystalliacd  phillyrin  is  C*'H*K)**.3JH*0 
(analyaia,  67*66— 57 -H8  C  and  3  63—6-82  K;  calc.  57*75  C,  6^3  H  and  35*62  O). 
The  water  of  cryst alligation  ia  giTen  off  between  50^  and  60^.  According  to  De  Lu  c  a, 
the  amount  of  water  in.  phiUvTin  variwi  Hceording  to  the  humidity  and  temperature  of 
the  air,  and  it  ia  all  giren  off  at  ordinary  temperaturea  over  sulphurie  acid  or  in  a 
8i  rr-am  of  dr>'  air.  PhiUyrin  melts  at  about  150®  to  a  colourless  mobile  liquid.  By  boil- 
ing with  diJale  h^rocMoric  acid,  it  ia  tranalbnned  into  philiygenin  and  glucoia : 

C«'H»*0"     +     H*0      -       C^'H'^O*     +     C«H'*0«. 

Ffallljrria.  Philtjgenln,  GIuc«m. 

It  undergoes  the  same  transfommtion  by  lactic  fermentataoiir  Synaptaae  haa  no  actton 
upon  it.     (Bertagnini.) 

Stdphuric  acid  first  disfi>lve«  it  with  red  colour  and  then  deeomposet  it  (Campona! 
Dilut*.*  niinc  acid  formj*  with  it  yellow  Milky  crystals  ;  with  a  leas  dilute  acid,  oystaU 
lin«  grains  am  obtained;  with  atrong  boihng  nitric  ncid  the  pmdncta  are  oxalic  acid< 
uiitl  11  Hiibstance  which  cryatalliaes  in  yellow  Rhininu  Isminje  (Bortagnini).  Accord- 
ing to  Dc  LuuH  it  forms  mono-  and  di*nitrO'philly  rin. 
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Chlorine  and  bromine  transform  phillyrin  into  BubBdlntion-derivaftiTtti  ooDtainiiig 
1  and  2  at  chlorine  and  bromine,  nnd  capable  of  fplittiog  up,  like  phflljiin  itMU^  into 
glucose  and  chlorinated  or  bromiuated  deriTatives. 

PBlUBaiflEA.    An  old  name  for  the  watery  residue  left  in  tbe  distillatioo  of 

spirituous  or  acid  liquids. 

See  Qbassbs  (l  943). 


PB&OBAVBBra.    (From  ^Xm^s,  bark,  and  /34^,  ooloiir).     A  brown  enbetonee 

obtained  from  the  bark  of  certain  trees,  e^.  Pinu$  ajflvcBtrU,  PUOanna  moerifoUa, 
China  fiava  and  Betula  alba.  It  is  said  to  have  the  coinposition  C'*HH>\  and  to  form 
a  hydrate  containing  I  to } at  water.  (Hofstetter  and Stahelin,  Ann.  CSLPliArin. 
li.  63.— Handw.  d.  Chem.  vi.  226.) 

PB&oaxSTOV.    See  CoKBvanoK  (L  1089^  and  Gas  (ii  774 — 782). 

PB&OCM>FXTa.    Rhombic  Mica  (see  Mica,  iii.  1012). 

PBZiOmABKXVB.    C'H'NO*  r=    ^f^'JN.    (Hlasiwets  and   Pfanndler, 

Ann.  Ch.  Pharm.  cxiz.  202.)— A  compound  pioduoed  by  the  action  of  ammonia  on 
phloroglucin : 

C«H«0>     +     NH>      -      C«H^O»     +     HH>. 

Phloroglucin,  oTer  which  dry  ammonia  gas  is  passed,  absorbs  large  qnantitiee  of  it, 
and  melts ;  and  if,  as  soon  as  the  formation  of  water  has  ceased,  the  resoltinK  cryrtal- 
line  mass  be  dissolved  in  warm  water,  crystals  of  phloiamine  are  obtained. — *&•  brown 
solution  of  phloroglucin  in  6  pts.  wann  aqueous  ammonia,  deposits^  after  standing  for 
some  time,  crystals  which  must  be  purified  by  recrystalliBation  fix>m  warm  water,  and 
dried  as  quickly  as  possible  in  vacuo  over  oil  of  ritrioL 

Fhloramine  forms  thin,  delicate,  micaceous  Uminie,  which  separate  from  the  filter 
in  the  form  of  a  film  havins  a  silky  lustre.  It  has  a  slightly  astringent  taate^  and  is 
permanent  in  diy  air.  It  is  sparingly  soluble  in  cold  footer,  euSlj  solnble  in  ethoAel^ 
insoluble  in  ether. 

Deoompositiofu. — 1.  Phloramine  heated  over  the  wator-bath  aoqnires  a  lemon-Telkiv 
and  ultimately  a  dirty  brown  colour,  losing  weight  at  the  same  tune  and  beeoming  in- 
eoluble  in  water.  ~  2.  Phloramine  either  moist  or  dissolved  in  water  toma  brown  when 
exposed  to  the  air. — 8.  Fuming  nitric  acid  acts  violently  on  phloramine^  psododng  a 
yellowish-red  solution  from  which  dark  brown  crystals  separate,  probably  a  nttro-componnd 
The  same  crvstals  are  produced  when  nitrate  of  phloramine  is  kept  in  the  moiai  state.— 
4.  When  phloramine  is  heated  over  the  water-oath  wiUi  oil  of  vitriol,  a  ooigngated 
sulphuric  acid  is  formed,  whose  barium-salt  crystallises  in  needles.  This  barinm-Mlt^ 
and  the  solution  obtained  bpr  heating  phloramine  with  oil  of  vitriol,  dihiting;  neotnl- 
isinp;  with  carbonate  of  banum,  boiling  and  filtmng,  aoouiree  a  fine  Tiolet  colour  on 
addition  of  ferric  chloride,  even  if  the  liquid  is  very  ailnte.  By  cklormte  of  fottiB- 
sium  and  hi/drochlorie  acid,  phloramine  is  oonyerted  into  a  dark  brown  resin  wfaifh 
gradually  becomes  lighter  in  colour,  and  when  distilled,  gives  off  a  small  qnantitj  of 
oil  having  an  intensely  strong  odour  (perhaps  chlorinated  acetone)  and  leares  a  lesin. 
No  chloranil  is  formed  in  this  reaction. — 6.  When  ammoniacal  phlorofflacin  is  i»^w^t>«| 
to  the  air,  the  phloramine  formed  in  the  first  instance  disappears,  and  the  liquid  daes 
up  to  a  black  shining  brittle  mass,  which  dissolves  in  aqueous  ammonia  and  is  throwa 
down  by  acids  as  a  black-brown  precipitate. — 7.  By  aqueous  alkalU,  phlonmine  is 

'oured  d*       "'  -- 


coloured  dark  and  decomposed — 8.  The  solution  does  not  colour yemc  ckloride€ 

a  precipitate  with  neutral  acetate  of  lead  or  nitrate  of  silver ;  neither  does  it  xe^iee 
silver  from  its  solution  when  heated  therewith. 

Phloramine  unites  with  acids,  forming  salts  which  crystallise  well,  and  an  all  solnbln 
in  alcohol. 

Acetate  of  Phloramine. — The  solution  of  phloramine  ingUcial  acetic  acid  dries  up  to 
a  yellow  varnish  without  forming  crvstals.  When  water  is  poured  upon  it,  ther«  re- 
mains a  yellow  powder  which  when  heated  partly  melts  to  a  resin  and  partly  dissolves. 

Hifdrochlorate,  OH'NO'.HCl. — Phloramine  on  which  strong  hydrochloric  add  is 
poured  crumbles  to  a  sandy  powder  which  dissolves  when  heated,  and  sepazmtes  on 
cooling  in  yellow  shining  laminfe,  perhaps  consisting  of  the  anhydrons  salt.  After 
solution  in  water,  white  needles  and  laminae  are  slowly  obtained,  which  tnm  yeUow  at 
100°  and  give  off  1016  per  cent  water  (1  at.  —  10*02  per  cenL). 

^i<ra<«.— Phloramine  dissolves  rapidly  in  warm  moderately  concentrated  nitric  add, 
the  solution  yielding  the  salt  in  shining  bronze-coloured  laminae  and  needles. 

The  oxalaU  is  a  crystalline  salt. 

Sulphate  '^•H^SO  *.  -  A  solution  of  phloramine  in  dilute  snlphoric  add  yielda 
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hy  ipuciUui«(niB  frrmporatioo,  loti£ 
th«  VAter>bttth,  aoquire  a  brtgl 
(2  ttt.   «»  9*37  per  cent). 


yttlluwiflh  lirittiQ  needles,  wtudi,  when  hented  oveff 
I  yellow  odoiir  anil  gtte  off  9  38  per  oeoU  Wfttcr 


:pai.osjBTAjiezc  acoi*   CH'iko* 


(HUBiwet^  AtOL 


?.  of  poUab-Iej  of 
hni  become  thick. 


Ch.  Phunn.  cit.  162.) — An  acid  pvodneod  bj  tbe  proJomg^d  action  of  strong  ammoDitt 
on  fthjl-phloretie  add  (p.  491): 

(C"H«0/lO*     +     NH"       -       (O-H'Oj-VN      ^-     ^  |0. 

Afler  bfiDg  fi'^ed  from  ammnnia  and  alcohol  by  eraporatioi),  it  crystalHsefl  &Qm  hot 
WHier  in  sIcDd^rsluQing  priNinii,  ItdisHolres  in  alcohol  and  ether,  nielt«  bt^tween  110^ 
»nil  1 1  P,  and  Bublimf's  p&rtiidly  with  loan  of  ammonia.  Ita  aqueous  aolutton  \b  coloared 
bltic  \ty  ferric  chlioritle.  It  tippeiu^  to  unite  with  allcaliA,  but  doeM  not  decompotfe 
ciirltotiHt*^!,  and  ia  rdtog^ther  but  nveiy  feebln  acid. 

»&OmSTZO  ACXX>.    CH"*0*    -    ^^^^t^^'Jo*.     (HUsiweti^  Wi«i.  hJumL 

lirr  xvii,  382;  rxir.  237;  Om,  xiii.  303.) — An  add  prodnocnl,  logHhcr  witb  plikdo* 
glutiin,  by  the  action  of  cauitic  potash  on  phlorctin : 

Pht'trvtln.  Ptilot4«ilc  add.        Phluroglucln. 

It  U  prepared  by  dissolving  30  grm.  of  phluretin  in  alxjut  200  c.  c. 
tipeciflc  srarity  1*25,  and  eruomting^  with  ebullition  till  thf  mass 
The  prodoct  i«  tben  diaaolTed  in  bouing  water,  carbonic  acid  gas  ^ned  tluooffli  tha 
BoltitKm,  the-  liquid  eTsporaled  to  drynesi,  and  the  residue  treated  with  boiling  alcobot, 
which  dlKtrolvm  the  phloretate  uf  potawium  and  leavea  tbe  greatt^r  part  of  tbn  phloro* 
glucin  iindiBSolred.  Etber  is  toen  added  to  the  Holution,  whicn  precipitates  the 
phloretate  of  potauimn  aa  an  oily  liqnid  ;  the  ather  ifl  decanted  ;  water  is  addiid  ;  and 
the  liquid,  after  concentration,  is  mLxed  with  hydrochloric  add,  which  precipitatrt!  the 
phi oretic  acid:  it  miiy  be  purified  by  repeated  cryHtalUsation  from  alcohol  and  from 
water. 

Phloredc  acid  farms  long  brittle  prisma,  haying  a  sour  and  slightly  astringent  tjmte. 
From  alcohol,  and  e«^pediilly  fK»m  ether,  it  is  deposited  in  Tery  large  prisms.  The 
crystals  are  itioooclinic.  extiibiting  the  combination  oP .  »P» ,  —Poo  ,  +  fP*  *  [Pcd  1 . 
4*  P,  &c.  An^e  -Pa&  :  QtPoo  -  138*^  61';  +  |P«  :  opP«.  -  143^19';  [P«J: 
oP  =>  114^  IS'.  It  melts  between  128<^  and  130'=',  and  eolidillfs  in  a  ciystaUine  masa 
on  cooling.  It  is  loiilewhat  Utm  soluble  in  v«(tr  than  in  akokol;  the  eolntion  may  b« 
boiled  eontinuoualj  without  decomposition.  When  mixed  with  amnumm  and  agitated 
in  the  air,  it  nmnmei  a  reddifth  colour.  With  solution  of  co/cic  A^tTw^TA/^n'/e  it  assumes 
a  tniosient  brown  colour;  with  ferric  eklorids  a  green  ookmr.  The  solution  super-^ 
sut orated  with  ammonia  reduces  miraU  qf  filter  on  application  of  heat. 

IkcomposiiioHS, — I,  Phloretic  acid  when  strongly  htattd  gives  off  sulSbcating  odours^ 
bums,  and  leiares  Tciy  little  chsxooal- — 2-  With  bromine  it  forms  dibromophlo* 
r  e  t  i  c  ar  i  d. — 3.  Pulveri(»ed  phloretic  acid  placed  in  aflask  filk'd  with  cMfrrine^  raeltu,  with 
disengagement  of  heat^  the  colour  of  the  coiorine  diMippeariiij;^,  and  hydrochlone  lurid 
appearing  in  its  place.  The  product  diwolTes  in  alcobul  and  in  <  ther.  but  not  in 
water;  the  solution  when  evaporated  leaves  a  eoft,  sticky  mass,  which  forms  with  aodi* 
a  compound  solidifying  after  some  time  to  a  deliquescent  cTystalHne  maftif.—  4.  With 
hytintcMoric  acid  and  chlorair  of  putai^num  it  asnumes  at  first  a  redditsh-brown  colotir, 
giveft  off  abundance  of  gas  when  ht^atcd,  ag;iin  iK^conies  yellow^  and  ptirtiully  changi^ 
iiilo  y*-ll''^w  finkes, — 6.  Trtturatiixl  with  pntfarhlondr  of  p/tospAorus^  phloretic  acid 
lnotujies  wnrm  and  liouid,  and  given  off  much  hydrochloric  aeid  gsis  urith  effertescence. 
On  distillation,  oiycblcinde  of  phosphoros  pusAes  over  ut  lOC^,  und  a  fuming  liquid 
reiiiiiiBs,  which  decomposes  with  water,  into  phloretic  acid,  hydrochloric  add.  and 
plicMtphoric  ncid  ;  and  at  a  high<^r  tempemtare  b«comi^  brown,  froths  up,  and  gives 
off  a  smull  quantity  of  oxy chloride  of  pbosphoms,  leaving  charcoal  as  a  rcsidoe.—  6.  By 
expOHure  to  the  vapour  of  su/pAurfc  ankifdridi^  it  is  conTf^rt^-d  into  sulpbo-phloretie 
acid,  C*H**0"^0»(Nachbanr,  Wien.  akad.  Ber.  xxx.  122).— 7*  When  concentrated 
nitric  ncid  is  poured  on  phloretic  acid,  it  dissolves,  forming  a  red  solution,  with  dinen- 
gagpment  of  heat,  intuiiie«cenct\  andliWrationof  red  vapours;  the  solution  on  cooling 
becomes  filled  with  yellow  crjtttals  of  dinitrophloretic  acid.  If  the  temperature 
be  not  kept  down,  oxalic  acid  in  also  formed.  Powdered  phloretic  acid  gTsdually  added 
to  cold  concentrated  nitric  acid,  is  dissolved  without  formation  of  red  vapours,  and  aft^r 
wsmc  lime  dinitrophloretie  wcid  crystrtlliKfR  out.  If  nitric  scid  he  udded  to  warm 
aqueous  phloretic  acid,  effrrvcbcence  titkes  pUte.   nitric  peroxide  h  disengaged,  the 
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liquid  becomes  coloured,  and  brown  resinous  drops  sepuate,  wbich  by  eootnwd  hratiag 
with  addition  of  a  little  nitric  acid,  disappear,  while  dinitropbloretie  mad  cryrtalliaes  <wt 
after  a  little  time.— 8.  Phloretate  of  barium  mixed  with  lime^  and  a  little  pofwdoed 
glass,  and  heated,  yields  phloretolasa  brown  oily  distillate. 

C»H'»0»  4-  Ba'O  =  C"H>*0  +  Ba'^OO*. 
The  same  compound  is  obtained  by  distilling  phloretate  of  falrimn^  with  iaamtBti 
calcium.— 9.  With  chhritU  of  acetyl  (or  chlaride  of  botTryl  cr  dhlcride  cf  bemoyi)  it 
gives  oflf  hydrochloric  acid,  and  forms  peculiar  acids  (filasiwets).  The  produet 
formed  with  chloride  of  acetyl  is  acetylphloretic  acid,  C»H"(C^K))0»  (t.  Oilm, 
Ann.  Ch.  Pharm.  cxii.  180). — 10.  Phloretate  of  potassium  or  phloretate  of  ailTer  heated 
with  iodide  of  ethyl  or  iodidt  of  amy/,  yields  ethyl-phloretic  acid,  C*H*(C*H*)0', 
or  amvl-p'hloretic  acid,  (?H»(C»Il«»)0».    (Hlasiwets.) 

11.  Phloretic  acid  heated  with  phloroglttan  yields,  not  phloretin  but  metaphlo- 
retin.     (Hlasiwetz,  p.  492). 

Phlorktatks.  Phloretic  acid  is  dibasic,  forming  neutral  salts,  U'il'jPO*  or 
C»1J''M"0«,  and  acid  salts,  C»H»MO>  or  C'"H«M''0«  =  C»H«M"0«.C»H'*0»,  aocoidiBg 
to  tlie  atomicity  of  the  metal  It  decomposes  carbonates,  mostlj  Ibmiiiig  ac^  adta. 
The  phlort- tates  are  all  crystalliBable.  The  acid  salts  have  a  neutral,  the  neotral  salts 
an  alkaline  reaction.     When  heated  they  emit  an  odour  like  that  of  phenoL 

Phlorctates  of  Barium.  The  tuutrai  salt,  C*H"Ba''0',  is  formed  by  pivdpitaHng 
a  boiling  solution  of  the  acid  salt  with  very  strong  baryta-water.  It  cryvtalliaes  from 
boiling  water  in  needles  containing  6  at  water,  four  of  which  are  given  off  at  IWP. 
The  acid  salt,  C'lI^'Ba^O',  obtained  b;^  saturating  a  warm  aqueous  solution  of  the 
acid  with  carbonate  of  barium,  cxystalUses  in  long  flat  transparent  prisms,  wliieh  be- 
come dull  at  lOO®. 

Phloretates  of  Calcium.  The  neutral  salt  is  predpitated  on  addii^  a  aolntioB 
of  lime  in  sueur- water  to  a  concentrated  solution  of  lime  in  phloretic  acid  till  the  liqaid 
becomes  alkaline.  It  crystallises,  by  evaporation  in  vacuo,  in  white  lamiiMP  having  an 
alkaline  reaction.     It  is  decomposed  by  carbonic  add. 

Phloretates  of  Copper.  The  acid  salt,  C»H»"Cu''C)«.2H*0,  obtained  by  de- 
composing a  solution  of  the  sulphate  with  phloretate  of  barium,  forms  emerald-green 
crystals  which  give  off  their  water  at  100°,  dissolve  sparingly  in  water  and  aleoho^  but 
readily  in  ether,  with  emerald-green  colour.  The  neutral  salt^  C^HKhi^O*,  sepantes 
out  when  an  ethcTeal  solution  of  the  acid  salt  is  continuously  wanned  or  boiled,  in  beam- 
tiiiil  shining  bluish-green  spangles  containing  1  at  water,  half  of  which  is  given  off  at 
100°  leaving  a  hydrate  conuining  2C»H»Cu'X)».H»0. 

Phloretates  of  Lead.  The  neutral  salt,  2C»H«Pb''0«.H«0,  is  obtained  as  aheavy 
bulky  precipitate  on  saturating  the  acid  with  carbonate  of  lead,  and  mixing  the  hot  fil- 
trate with  basic  acetate  of  lead.  It  retains  its  water  at  100°.  A  batie  salt  having 
nearly  the  composition  2C»H»Pb''0*.Pb"0.2H*0,  is  precipitated  on  adding  ba  " 
of  lead  to  a  cold  solution  of  phloretic  add  saturated  with  carbonate  of  lead. 

Phloretate  of  Maynesium  separates  from  a  solution  of  magnesic  carbonate  ia 
aqueous  phloretic  acid,  in  colourless  crystalline  geodes  resembling  waTeUite. 

Phloretates  of  Mercury,  Phloretic  add  forms  with  »i«rcttrt)i«nt^irte  a  cryatalUne 
precipitate  consisting  of  needles ;  with  neutral  mercuric  nitrate  a  crystalline preeqiitate 
formed  of  transparent  plates. 

Phloretate  of  PotassiuTn,  C'H'EO',  is  obtained  by  mixing  the  aqoeonsadd 
with  caustic  potash,  saturating  the  liquid  with  carbonic  add,  evi^rating,  exhansting 
the  dry  mass  with  strong  alcohol,  and  purifying  b^  ()ressure  and  reciTata&isation.  By 
spontaneous  evaporation  of  the  alcoholic  solution,  it  is  obtained  in  coUnuless  radiatins 
lumin.'e  or  in  rather  largo  prisms.  It  has  a  warm  saline  taste,  effloresces  in  the  air,  ud 
gives  off  all  its  water  at  100°.   Its  alkaline  solution  turns  brown  on  exposure  to  the  air. 

Phloretate  of  Silver,  C'H'AgO',  is  obtained  by  predpitating  the  sodinm-nlt 
with  nitrate  of  silver.  The  liquid  solidifies  to  a  crystalline  magma,  which  must  be 
filtered  in  the  dark,  washed  with  cold  water,  and  then  dried,  first  between  paper,  and 
afterwards  at  100°.  It  forms  dazzling  white  needles,  which  when  moist  blacken  readily 
in  the  light ;  dissolves  easily  in  ammonia  and  in  acetic  add 

Phloretate  of  Sodium,  C'H'NaO*,  prepared  Uke  the  potassium-salt,  erTstaUises 
fW>m  a  highly  concentrated  solution,  which  soon  turns  reddish  in  contact  with  the  air,  in 
radiating  efflorescent  prisms. 

Phloretate  of  Zinc.—Tho  neutraXsalt  appears  to  be  formed  as  an  insoluble  piedni- 
tate  when  phloretic  add  is  boiled  with  excess  of  carbonate  of  zinc,  and  remains  on^w- 
■olTec^.whue  *^'  M  passes  into  solution. 
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Thd  aetd  m|£,  C'*II**^'0*,  crysUlttuM  tmm«duitcly  firom  a  flolution  filti^red  at  the 
boUiQg  brttt,  in  Hat  pmtM  and  UmiDfle  of  a  relTety  lustrev  &od  roaemblmg  choleaterm  ; 
pcfmattMit  in  the  air;  very  spariiigljr  soluble. 

Pktoretate  of  Urta,  CH*K»0.2CH'»0',  ia  obtained  by  mixing  a  aolntion  of  3pt«, 
of  Qi«a  and  1  pt  of  phloretic  acid,  in  broads  luvtruus  Umina,  of  feathery  atriated 
eijatali. 

JkrivoHcts  of  PkhreHe  oM, 

IMIrromepliloretle  ftctd.  CH<Br^'.  (H  la  si  wets,  Ann.  Ch,  Fhann.  du  ti5.) 
^OLUint'd,  by  adding  bromint*  to  pulFeriacd  phlor«?tie  acid  an  long  as  bjdrobromic 
atnil  ecintinnes  to  eitcape,  as  a  slightly  coloured  poirdor^  which  crystallLgea  iTXim  tdcohol 
in  himl  ciiluurlecs  prismatic  grains,  and  may  be  CQmpl«?t*ly  puriAed  by  waahing  with 
wati'fg  and  precipitation  with  oydrocbloric  acid  from  its  solution  in  ammonia.  It  melta 
in  an  aimosphere  of  chlanne  gaa,  bc<*oming  hot,  gi^ng  off  hydrochloric  acid,  and  form- 
ing nn  imcfyKtalliBablo  pnxluct  insoluble  in  water,  flolnble  in  alcohol  and  Hber. 

Th«  amtmmiurm-tail,  0'H^(KH*)Br^O\  is  eparingly  soluble  in  cold  water,  and  easily 
decomposiblp.  Thi?  harium^ait,  C"H««Ba'^Br'0*  (at  120<>),  precipitated  from  the  am- 
moDtam^aalt  by  chloride  of  barium,  forms  prismatic  crystala. 

miltr»ptilor<stte  add*  <7WV*0*  *  C»H^NO')H>t  (EUaiwets,  Im^cO,) 
— This  Gonip4>uud,  produced  by  the  action  of  nitric  acid  on  phloretic  acid,  c^blbita  two 
different  mod iflfjit ions  aocotding  to  the  manner  in  which  the  action  takes  place. 

The  fiiat  mudificutioa  (a)  Is*  formed  when  plvloretic  acid  in  dissolred  in  nitric  acid 
slightly  concentrated  and  kept  oooL  YeEow  mina  then  form  in  tho red  solution;  and 
on  recrystallining  theae  from  water  and  alcohoX  the  acid  is  obtained  tn  shining  lemoa- 
Vfllow  prisma,  easily  soluble  in  alcohol  with  yellowish-red  colour,  fuaibl«,  not  detonating, 
having  a  Hlightly  biit^T  tuste,  and  eolouring  like  picric  acid. 

The  drtoQJitinj^  satts  of  thit«  acid  are  obtained  by  saturating  its  aqueoua  solatioD  with 
tht^  ri:'8(^^ei!tive  carbonateti,  or  by  precipitation  from  concentrated  soludoos  of  the  am- 
mouium-wilt.  Thi^  jfoltu^um-aalt,  2eH-K'(N0*W»Jl'0  (at  120^).  cry»tjUliws  fmm 
dilute  iilcohol  in  dwp  orange-coh>ured  prisms.  Tha  harium-Mmt,  2G*H*Ba*(N0'>'0'.H*0, 
formn  oninge-coloured  needles;  the  cidcium-Boit  yellow  needles.  The  had-snH  is  a 
d«*ep  red,  the  silver-mlt  a  red,  the  cc^ppfr-mtt  a  yellow  precipitate.  The  ammonium-^ 
sadt  forms  witli  wtreuric  chloride  a  yellow  prt'cipitute  umorphoiM  at  first,  becoming 
erjstAnir**^  afterwardH ;  with  ttannoiu  chloruU  a  yellowish,  Kad  with  ft-rric  chl<mdt  ^ 
light  brtjwn  pr^-cipitate. 

The  8t'«)na  motlififation  ($)  of  tho  acid  is  produced  by  dropping  nitric  acid  into  a 
wnrin  aqueous  solution  of  phlorotie  acid»  The  eryatala  which  separate,  form  when  re- 
er)'stalliified  fram  aleohol,  dark  yellow  ubining  lamin%  and  scales. 

The  compounds  of  this  acid  with  the  ulkaline  eartlis  can  be  obtained  only  by  satur- 
ating the  acid  with  the  corresponding  h^dmtes  or  carbonates,  whereas  those  of  the  a 
modiflcation  are  obtained  io  the  crystalkne  state  by  precipitation  from  the  ammonium- 

Thr  ^ammonium-jfolt,  2C»H*/NH*)»(N0')'O*H«0.  effloresces  in  dark  yellow  needles; 
Ihi^  fHinum-saltt  2C*H*Btt*tKO«/0Ml*O,  separates  In  nodular  groups  of  orange^ycllow 
cry>lalH. 

FfiXiOSSTZC  STHS&il.  These  arc  compounds  produced  by  the  snbatitation  of 
I  at,  of  un  orgntiic  rtidiclw  for  I  at.*  hydrogen  in  phloretic  acid* 

Ao^tlo  Ftkloretate  or  Aeetyl-^btoreUo  aeld.  C'*H*K)^  -  CH'(C^H>0)0*, 
(H.  V,  Gilm,  Ann.  Ch,  rharm.  cxii,  lHt>.) ^Produced  by  the  action  of  chloride  of 
acetyl  on  phloretic  acid.  When  crystallised  frt^m  dilute  alcohol,  it  forms  thin  coloarless 
intertact-d  prisms  hartng  a  vttreoua  lustre  and  an  acid  rcaetiou.  It  is  insoluble  in  cold 
water,  soluble  in  alcohol  and  ether;  melts  btlow  the  hailing  point  of  water,  and  partly 
sublJmtss;  decompofics  carbonates;  is  not  coloured  by  ferric  chloride. 

Nitro-acftylpfUontic  arid,  C*H>CH'OXNO')0^  is  ubtaintHl  by  dissolring  acetyl- 
plilort'tic  aciil  in  nitric  acid  of  ordinary  strength,  and  immediately  mixing  tha  product 
with  watiT.     It  er)'t$tallisea  from  aleohol  in  golden -yellow  shining  Uminse. 

EtHyllo  Fbloretata  or  Btbjl-pliloretlc  aetd.  C'»H'*0*  •  C»H*(C»H*)0'. 
(El  hiMi  w«M  jt,  Ann.  CIl  Pharm,  cii.  161.)— Tlii.s  compound  is  easily  prepitred  by  beat- 
ing pliluntatc  of  pulaasium  or  silver  with  ethylic  iodide  to  100°  in  a  sf'aled  tube.  It 
is  L■!olollrle^a  and  viscid;  has  a  faint  odour  and  irritating  t^uite  ;  boils  al»ove  265*^ ;  is 
not  iufUmmablo ;  dissolTSs  in  alcohol  and  ether,  but  is  iuKsluble  in  water.  It  has  the 
same  index  of  refraction  as  salicylic  ethi-r  for  a  piirticular  my  in  the  orange,  but  tts 
dispersive  power  is  much  less  thusn  that  of  salicylic  cth<  r. 

Elhyhc  DinUr^^p/t/orctatr,  C^H\C=IPkNO^)'LV.  i*  oUjiined  by  treatingethyltr phlo- 
retrtte  with  nit risvtu'id,  hh  a  goldeii')<vllf(W  oil  whieh  tiolidilieH  in  ihe  crystalliii'  lofui 
r  liter  a  whUe,  and  ci^^stallifres  from  alcohol  tn  light  yellow  cryttals. 
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ArnrUo  Fhloretata  or  Amjl-vlilorette  Mid,  C>«H«0*   -    O^H^OH^X^, 

prapared  like  the  ethyl-compound,  is  colourless,  yeiy  Tiscid,  haa  a  ■li^tly  fBoddodow; 
a  sharp  ta8te  and  boils  above  290°.  With  nitrie  acid  it  yieldfl  a  OTStalliiM  nitio- 
coinpound.    (Hlasiwetz,foc.  cit) 


C"H>«0*.  (Stas,  Ann.  Ch.  Pharm.  xsx.  200. — G.  Boser,  Mi. 
IxxxiT.  178. — Hlasiwetz,  ibid.  xcvL  118. — Gm.  ztL  8.) — A  sabstanoe  prodaeed  bj 
the  action  of  dilute  acids  on  phlorizin  (p.  493).  To  prepare  it^i^ilorizin  ia  duai^Tad  in 
a  cold  dilute  acid,  and  the  liquid  subsequently  heated  to  90^:  it  im  than  dcpoaited 
in  the  crystalline  state. 

Pbloretin  crystallises  in  small  white  lamimB,  haiing  a  aaecharine  taata^  nearly  ia- 
Holuble  in  cold  water,  veiy  sparingly  soluble  in  boilin^^  water,  and  in  anhydrona  ether, 
soluble  in  all  proportions  in  boiling  alcohol,  wood-apirit,  and  acetie  aeid,  vbenee  it  is 
deposited  in  shining  grains.  (Analysis  64*5  —  66*4  C  and  5*2—5*4  H ;  cale.  65'7  C,  6*1 
H,  and  29*2  0.) 

Phloretin  melts  at  180^,  and  decomposes  at  a  higher  temperature.  8inmg  meidt,  fior 
the  most  part,  dissolve  it  without  alteration.  Nitric  acid,  however,  eonrertm  h  into 
nitro-phloretin.  Chroinic  aa<2  resolves  it  into  formic  acid  and  carbonic  anhydride 
(Stas).  When  pulverisi'd  pbloretin  is  treated  with  bromine  under  ether,  a  mixtare  of 
tri-  and  tetra-bromophloretin  is  produced ;  but  when  phloietin  ia  heated  with  ezeeaa  of 
bromine,  a  number  of  bodies  crystallising  in  needles  are  formed,  whi A  appear  to  be 
substitution-products  of  phloroelucin  (Schmidt  and  Hesse,  Ann.  Ch.  Pnaim.  eziz. 
103).  It  is  dissolved  without  idteration  by  alkalii  ;  the  solotiona  have  a  Tery  decided 
saccharine  taste,  and  in  contact  with  the  air,  absorb  oxygen  and  form  an  otange- 
ooloured  body.  But  by  boiling  and  evaporating  with  strong  potasJk4^,  phlocetia  is 
resolved  into  phloretic  acid  and  phloroglucin  (pp.  491,  496). 

Pbloretin  rapidly  absorbs  13  or  14  per  cent  ammonia-ga§,  withoat  hMong  water.  It 
dissolves  in  strong  aqueous  ammonia,  but  separates,  after  a  few  aeeonda,  in  ■Kintiig 
yellow  laminae,  which  give  off  ammonia  when  exposed  to  the  air,  or  when  heated.  The 
solution  of  the  ammoniacal  compound  precipitates  the  salts  of  manganeae,  iron,  sine, 
copper,  lead,  silver,  &c.  The  lead-comvound,  obtained  hjf  adding  baaic  acetate  of  kad 
to  an  excess  of  phloretin-amraonia,  and  drying  the  precipitate  at  140^  in  a  conent  of 
air,  contains  2C"H»«O».6Pb''0.    (Stas.) 

Tetrabromopkloreiifi^O^WBi^O*. — When  finely-pulverised  phloretinia  covered 
with  ether,  and  bromine  added  to  the  mixture  cooled  nom  without,  the  bromine  is 
absorbed,  with  evolution  of  heat,  and  a  mixture  of  tri-  and  tetra-bromophloretin  iaibnned, 
which,  after  removal  of  the  ether  and  the  resulting  hydrobromic  acid,  may  be  conuileCely 
converted  into  tetra-bromophloretin  by  renewed  treatment  with  bromine  at  a  oentle  heat. 
The  product  is  boiled  with  water ;  the  residue  is  dissolved  in  boiling  a&ohol ;  the 
solution  precipitated  with  water ;  and  the  pale  yellow  crystalline  precipitate  ia  pozified 
b^  boiling  with  weak  alcohol  andreczystalliaation  firom  boiling  alconoL  I^hkniain,  treated 
with  bromine  under  ether,  likewise  yields  tetrabromophloretin,  a  mixture  of  mono- and 
poly-bromophloro-glucin  beina  formed  at  the  same  time. 

Tetrabromophloretin  cryst^ises  in  small  pale  vellow  needles,  which  do  not  loaa 
weight  at  100^  ;  it  is  decolorised  by  animal  charcoal,  but  soon  turns  yellow  again.  It 
is  insoluble  in  boiling  water,  sparingly  soluble  in  boiling  alcohol,  easily  aoluble  in  ether. 
It  melts  between  205°  and  210®,  acquiring  a  dark  red  colour,  and  decompoaiitt  with 
effervescence.  It  dissolves  with  yellow  colour  in  aqueous  ammonia  and  9oSa,  the 
ammoniacal  solution  turning  brown  after  a  while.  In  boiling  /tmeHM^erittumavioleCk 
and  forms  an  amorphous  violet  substance. 

Nitrophloretin,  C»H»«(NO«)0»  (?X  calledalsop«orf<fV?iictrf(by  Staa^  andadw- 
nhloretic  acid,  is  produced  by  the  action  of  strong  nitric  add  upon  |»hloretin.  It  ia 
brown,  amoiphous,  insoluble  in  water  and  in  dilute  adds,  soluDle  in  alcohol,  wood« 
spirit,  and  alkalia.  It  decomposes  at  150°,  giving  off  nitrie  oxide.  Snlphuric  %ft«t 
dissolves  it  with  blood-red  colour. 

(C^HH))"  ) 

MotapblorMlii.      C««H«0"     «     (OTI»0«)*lO»  (?)  (Hlaaiweta,  Ann.  Ol 

H*  ) 
Pharm.  cxix.  199.)— This  com^und  (not  named  by  Hlasiwetz^  but  called  a-phloietin 
in  Gmdin*9  Handbook,  xvL  10)  is  produced  by  heating  phloretic  add  with  phlorodludn. 
IIm  mixture,  heated  to  150**  in  an  air-bath,  melts  together,  and  gives  up  water.  If  kept 
fcr  moL  hours  between  \%Q9  and  180°,  it  deposits  a  granular  maaa,  and  ultimately 
txeomea  ^ nite  solid.  The  brown  maas,  when  boiled  with  water,  diasolTea  slowly,  and 
thA  aolution,  even  before  it  is  quite  cold,  deposits  crystalline  acalee,  which  may  be 
1  hf  washing  with  warm  water,  and  recrystallisation  from  boiling  water  with 

neaify  cohNurleas  microeoopie  huninn,  having  a  loogh  taste^ 


PHLORKTOU-PHLOIUZIN. 


493 


I 


with  iiw#*pfiNh  iifti*r-t4Mt«,  It  la  neutral  ;  tiDaltcmble  at  150°;  cc^loura  aqneofiB /rrm 
thf'tndt  violet, 

W&JMOmMTOlm.    C"H^*0.-^EUtiwctz,  Ann,  Clu  Fbum.  ciL  166.)»T]iu  com- 

p<»unci.  metammc  with  methyUc  plicnnte*  or  phcnotol  (p,  391),  is  produced  by  distiUiog  a 
imxturo  of  pbloretnta  of  biLriiim,  c^iufitic  Ume,  and  n  little  powd4»«d  gUaa,  in  smmll 
purtiotii  orer  hd  open  fire*  The  brown  oily  dUitillAte  it  dohjdfttt^  by  decftnUtioD  Aud 
drying  over  oil  of  vitriol,  and  then  recti  ft  ed« 

Ph&retol  ta  a  colourloaa,  etrongly  refm/Cting  oil,  whicli  bacomiM  thicker  at  18^  ,iuid 
bulla  at  19f>0— 200«,  Specific  gniTity  1'0374  at  ri'^.  Vapour-den sity,  obs.  -  4*22 ; 
cale.  «»  4*23.  It  baa  an  aromatic  odonr,  anggeatire  of  paanoV  and  a  burning  taato. 
Plaet»d  um  the  akin  it  eaoaea  a  bom.  It  coaguLites  albumin  almost  aa  rapidly  aa  phenol. 
AtiplLnt(*rof  pine-wtx>d  dipped  in  aqueoua  phlor^tol,  and  then  aoaked  with  hydroehloric 
«cti1,  HMrumt'd.  when  dried  m  the  sun,  »  oolonr  simitar  to  that  of  one  aoaked  in  phenol. 
Ir  is  only  tflightiy  soluble  in  water ^  but  niixea  in  all  proportiosu  with  atcvhol  and 

Drcompotiikmi. — I.  In  ▼fwaela  eonfaining  aiV,  it  becomes  yellowinh^  and  then  amelbi 
of  *tyroL-— 2.  When  aoaked  up  into  a  wick  it  may  he  inflamed,  and  then  bnms  with 
a  bright,  fuliginoua  llamo. — ^3.  Dtsnolvea  in  oil  o/mtrioi;  the  aolotiun,  tift^'r  Niutidiog 
soma  time,  is  no  longer  precipitated  by  water^  but  then  eontnins  a  coujugiited  aulphurie 
acid  which  fortm  with  bur^'ta  a  sotuible.  easily  crystalliMible  6a1l  —  4.  Whan 
itmminr  is  poured  on  it,  hydn>bromic  acid  ia  liberated,  and  after  the  excess  of  bromine 
is  i'ipi41ed.  a  white  cryatnlline  aubetitution^pioduct  ia  left,  which  i»  aoloble  in  ulcohol, 
but  not  in  water.— 6.  With  cAlorint  it  Ibrma  a  aubetittitton-product.— 7.  Wheu  dxxippcd 
into  stiMug  Httrie  acid  it  hisnea  like  u  red-hot  metal,  and  forma  triuttrophloretol^ 
t^U*(NO^)"0^  with  noleot  action  and  disengagement  of  nlLric  peroxide. 

9Bl&OSBTT^  C*H*0. — The  hypothetical  diatomic  radicle  of  phloretic  acid  and 
iU  d^ri\*MtiTe«. 

Chloride  o/pkloretyt^  (C*IP0)''C1\  appeara  to  be  formed  by  the  action  of  penta- 
ehloride  of  phoapnoma  on  phloretic  acid,  according  to  the  equation, 

^[^^H^^^fO']    +    3Pa»     =     S(7H*0a*  +   2P0CT  +   ZUCi  +  FBH)\ 

Un  distilEng  the  product,  oay chloride  of  phoaphonia  paasea  over  at  110°,  and  the 
r^iidue  can  no  longer  be  hented  without  decom  poaitton.  When  treated  with  water 
ho weTer,  it  yteMa  phloretic,  phosphoric,  and  by drochbfie  acida,     (Hlaaiweti.) 

PSSfOliXXaor.  C"H**N^O".  (St as,  Ann.  CK  Pharm.  txx  206.><->Produced  by 
tlir  siiuuItiUitHJUA  action  of  air  and  ammonia  on  phlorizin: 

C^'H«*0»»     +     2Nfi'     +     O*        -        <?»H"N»0'l 

It  ia  precipitiited  on  adding  an  acid  to  the  product  of  the  reaction.  To  obtain  it  pnw% 
Staa  (Ann.  Ck  Phys.  Ixix,  367)  precipitate!*  the  crude  product  of  the  above  re»i'tiun 
with  alc*oht>t;  dissolvt's  the  preci|)itjUe  in  the  imialleat  possible  quantity  of  water  ;  end 
adds  alcohol  acidulated  with  acetic  acid  to  the  solution  drop  by  drop.  The  precipitate 
in  then  washed  with  alcohol  of  continually  increased  strength, 

Phlorizein  is  a  reddish-brown,  nncryataltisable  solid,  diuering  in  aspect  according  to 
the  state  in  which  it  is  examined.  Its  taste  ia  slightly  bitter.  It  diasoWes  easily  in 
boiling  water,  but  is  nearly  insoluble  in  alcohol,  ether,  and  wood -spirit.  It  yields  by 
analyna  481— 16*5  C.  6-6— 54  H  and  50— ^4  N:  (calc  486  C,  5  8  H,  5-4  N,  and 
40"2  OV 

Phloriaein  ia  deoompoeed  by  heat  Fixed  alkalis  gradually  alter  tta  colour,  trana- 
forming  it  into  a  brownish  substance, 

PMfffi£co(4!  of  ammtmium  is  difficult  to  obtain  pure.  The  b^^st  mode  of  prepumtion  is 
to  place  phlorizin  under  a  bcll-jur  abore  a  solution  of  carljouateof  ammonia,  into  which 
fragments  of  caustic  potash  arc^  tlirawn  from  time  to  time.  If  care  be  taken  to  avoid 
an  exosas  of  ammonia,  a  blue  crystullisable  substance  very  aoluble  in  water  la  aoiBia* 
ttmea  obtained ;  but  more  frfout^ntly  thi^  pmduct  is  brown-red. 

The  compound  is  d«*colorisetj  by  sulphydric  add, nulphidf^  of  ammonium,  and  stannato 
of  potassium,  but  the  decolorised  solution  gradually  r^umes  its  blui?  lint  on  exposuro 
to  the  uir.  The  solution  of  phlurizeate  of  ammonium  is  likewise  decolorised  by  hydrate 
of  aluminium,  the  alumina  acquiring  a  blue  eulour. 

The  solution  preeipitateti  aalta  of  iron,  sine,  lead,  and  silver.  The  ailver-precipitate 
is  blue,  and  is  decompoeed  by  water. 

»m»QKX£nr.  C*^W*0^\—Phhrrki^i7j,  PfdjyridHn  (from  ^XotU,  burk,  and  ^'(o. 
foot)L  [t^ta$  and  De  Koninck  (1836),  Ann.  CL  Pharm.  xv.  75.-  St  as,  Ann.  Ch. 
Phya.  [2]  Ixix,  367.— Mulder,  Rev.  Scient.  iii.  5o.^Eoser,  Ann.  Ch,  Phiirm,  Ixxxiv. 
178. — otrccker,  ibid,  Ixjuv.  184. — Gfm.  xvL  1 1.]— AsaUrtanco  existing  ready  formed  in 
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the  root-bark  of  the  apple,  pear,  plam,  and  cheny-tree.  It  is  eztneCad  by  waaikmleoliol, 
and  the  alcoholic  aolution,  decolorised  by  animal  charcoal,  and  oonoentiBted,  <lfpnafti 
cryBtaLi  of  phlorizin  on  cooling.  The  root-bark  of  the  apple-tree  is  tha  bcirt  aoorea 
of  phlorizin,  because  it  contains  less  colonring  matter  than  that  of  the  other  tzeea. 

Phlorizin  dystaUisea  in  long  silky  needles  or  tofts.  It  has  a  alightlj  bitter  taste,  ii 
sparingly  aoluble  in  cold  water,  but  dissolves  in  all  proportions  in  boiling  vato. 
AlcohM  and  wood-spirit  dissolve  it  readily,  but  it  is  quite  insolable  in  ether. 

The  crystals  of  phlorizin  contain  2  at  water,  C"H«*0".2HK)  (analysis^  52-8— M-9  C 
and  60— 62  H ;  calc  63-4  C,  6-9  H,  and  407  0).  At  100<*  they  give  off  their  water 
(7-6  percent)  and  leave  anhydrous  phlorizin,  C"H**0»*  (anaL  67-4  C  and  6-7  H; 
calc.  57*8  C  and  5*5  H),  which  melts  at  109°  and  deoomposes  at  200^  yieldii^  a  red 
substance  called  rufin  and  other  products. 

Strong  sulphuric  acid  at  60°  or  70°  conyerts  it  into  a  red  sobatanoe  called  rnfi-  or 
rutilo-Bulphuric  acid.     (Mulder.^ 

By  prolonged  contact  with  dilute  suiphurie,  phosphoric,  or  hvdroehloru  acid  it  ii 
resolv^  into  glucose  and  phloretin.  The  same  change  is  incuioed  bj  oxaUe  mid 
at  90°: 

C«H"0*»  +  H«0     -    C»H»«0«  +  C»*H**0». 
Fhlorixin.  GIucom.         PUoraCiB. 

100  pts.  of  phlorizin  thus  treated  yield  from  41  to  42  pts.  glneoee  (eale.  41*8  pts.). 

Strong  nitric  acid  converts  it  into  oxalio  add  and  nitrophloretin, 
C'»H»«(NO«)0»(?) 

Strong  hydrochloric  acid  oonverts  phlorizin  into  a  dirty  red,  amorphoiis  aabstaiies 
irithout  dissolving  it    (De  K on i nek.) 

When  phlorizin  is  triturated  with  ^  of  its  wei^t  of  todme,  a  greyiaii-Tiolet  mass  ii 
formed,  from  which  water  separates  Dlack  flocks  (Yob el,  N.  Br.  Ardi.  xri.  15i»). — 
When  phlorizin  is  covered  with  ether  and  bromine  is  dropped  into  the  liquid,  as  ioag 
as  it  is  decolorised  thereby,  the  phlorizin  dissolves  completely ;  and  on  evapocating  the 
solution,  boiling  the  residue  witn  dilute  sulphuric  acid  (to  decompose  pUorizinX  and 
recrystallising,  tetrabromophloretin  (p.  492)  is 'obtained  (Schmidt  and  Hesse^ 
Ann.  Ch.  Pharm.  cziz.  105). — Chlorme,  bromine  and  iodine  errolye  heat  from  diy 
phlorizin,  and  convert  it  into  a  brown  viscid  resin  (DeKoninck).  Phlorixin  treated 
with  chloride  of  iodine  yields  only  amoiphous  products  (Stenhouae^  Ann.  Gh.  Fharm. 
exxxiv.  218). 

Alkalis  dissolve  phlorizin  without  alteration,  and  the  solutions  are  permanent  in  tlis 
air.    Boiling  potasn  produces  a  black  substance. 

Phlorizin  absorbs  11  or  12  per  cent  of  dry  amiaonta-^as,  and  the  prodnct  egpoaed  to 
the  air  gradually  assumes  an  orange  then  a  red  tint^  ultimately  becoming  dark  bfau^ 
and  then  consists  of  phlorizeate  of  ammonium  ^p.  493). 

Phlorizate  of  Barium  is  obtained  by  mixing  the  solutions  of  phloriain  andbaiyta  in 
wood-spirit  A  precipitate  is  then  formed  which  loses  its  alkaline  reaction  on  eoqrasare 
to  the  air,  and  becomes  brownish-red,  yielding  carbonic  anhydride,  acetic  acid,  and  a 
peculiar  colouring  matter.  It  appears  to  contain  C**H'^0**3a''0.  (anal  40-8  C^  4*1  H, 
and  29-8— 30-2  BaO;  calc  42-8  C,  41  H,  and  258  BaO). 

Phlorizate  of  Calcium  appears  to  contain  2C«'H**0'».3Ca"HK)«  (anaL  16-2—14  per 
cent  lime ;  calc.  15*3.)  It  is  obtained  by  evaporating  a  solution  of  pMotiBD  or 
lime-water.    By  exposure  to  the  air,  it  is  decomposed  like  the  barinm-compomid. 

Phlorizate  of  Lead  appears  to  contain  C»'H«»0'».8Pb"0  (anal.  24*9  C,  2*1  H,  and 
69-2— 600  PbO ;  calc.  227  C,  2  1  H  and  606  PbO).  It  is  produced  as  a  white  p»- 
dpitate  on  adding  basic  acetate  of  lead  to  a  boiling  solution  of  phlorixiny  the  latter 
being  in  excess. 

»BX.O&oaz.ircisr.  0«H*0>.  (Hlasiwetz,  Ann.  Ch.  Pharm.  xevi  118;  cxiL 
96;  cxix.  199.— Gm.  xv.  65.) 

Formation. — 1.  Phloretin  boiled  with  potash-ley  is  resolved  into  phloretic  acid  and 
pliloroglucin. — 2.  Quercetin,  under  the  same  circumstances,  is  resolved  into  queccetic 
acid  and  phloroglucin.    According  toHlasiwetz: 

C"H'«0"  +  H*0     =     C"H'K)«  +   C«H«0«; 
Quercetin.  QuercKic       Phloroglucin. 

acid. 

according  to  Zwenger  and  Dronke  (Ann.  Ch.  Pharm.  cxxiii.  154): 

3C'»II'00»  +   HK)     =     C"H'«0»  +   3C«H«0«. 
Quercetin.  Quercetic  Phloro* 

acid.  glucin. 

3.    Quercetin  in  alkaline  solution  treated  with  sodium-amalgam  is  also  oonyetted 
into  phloroglucin,  tegether  with  a  colourless  product  different  from  queroetic  add 
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(fl  lfLsiw«it,  Aniu  Ch.PhArm.  cxxiv«  358). — I.  Morinfannic  add  or  maclurij]  {Hi  lOi^X 
misrJ  with  hydmte  uf  potMnium  atid  erapjiut^  to  a  piuty  maaa,  is  resolved  into 
phtorogludn  and  protocatecbuic  acid  (Hlatiiweta  and  Pfaundler) : 

MorliiUiitilc  Phloro-  Protoc^t*-> 

acid.  glucln.^         cbuic  Acld.   > 

pMiparation, — 1.  The  inixtiire  of  pblorogliKiu  and  carbonate  of  potaaMum  obtiiined 
aa  deacnbrd  in  ihn  pi^paratioii  of  ptJoretio  acid  (p.  489)  from  which  all  the  phlore- 
tate  of  potastiiuiQ  hus  ljip4'a  extracted  hy  aloohol,  \a  diaaolTod  in  water;  ditalo  sulphuric 
acid  ia  adrlcsl  in  Nli^ht  c-Tc^em ;  and  Ihn  maaa  la  eiraporat^  to  drjneaa  over  the  wat^j^ 
bath,  II nd  (hon  wm  boiled  with  alcohol  (better  witn  ether-alcohol).  The  alcohol  ta 
dittillfd  off  and  Iha  reatdae  left  to  crratalliaA,  wherebjr  atroogl^  coloured  cryBtala 
arc  obtained,  tho  mother>Hquor  alt^  jiufding  an  additional  qiianfcit/.  They  ai«  dia- 
aukrd  in  watei**  and  the  solution  Is  mijeed  with  acetate  of  If^  (which  prodacra  no 
prvci^itateX  and  Mturated  with  iulphydric  add,  the  prrapitated  aulphide  of  lead 
eanyiug  down  ne«rJy  the  whole  of  the  colouring  roaltfr,  so  that  (he  cryatula  whii^h 
afWtwarda  aeparate  have  only  a  yellowiikh  tint.  By  rf-cryatailiaation  ^m  ether  and 
iJterwards  fmtu  water,  they  may  be  obtained  quite  oolourieiia. 

2.  Quercetiu  is  addiHl  to  a  hot  concentrated  aoltition  of  3  pta  hydmte  of  potassium^ 
thf>  liquid  evapomted  down  at  the  boiling  heat,  and  the  residue  further  heated,  till  tL 
aamph^  of  it  takt^n  out  no  longer  yieldt  a  flocculout  precipitate  with  hydrochloric  acid, 
but  qoickly  assunaea  a  deep  red  colour  wht^n  dii^solred  in  wacer.  The  whole  in  then 
ioiinediAltfly  disatilTed  in  water;  the  K^hit ion,  which  insituntly  turns  red,  i^  n«'Utnilj»*»d 
with  hydrochloric  acid;  and  th^  flockjj  (of  alpha-quencetinand  undecomj30i*edqnprcelin) 
whirh  an*  depoalted  from  the  liquid  on  itanding  and  cooling,  are  aeparatrd  by  filtration. 
The  flltnte  ia  ernparated  to  drynesa,  the  waidiie  exhau^tm  with  alcohol;  the  aleobul 
dlNtlUed  off  from  me  brown  tincture  ;  the  residue  diflaolred  in  wftti»r,  and  mixed  with 
aootate  of  lead,  whereby  quercetate  of  lead  is  prftctpitated,  while  phlorogludu  remidna 
iu  wfilution.  The  latter  i«  obtained  in  the  crystalline  state  by  retnoriog  thft  lead  from 
tlie  filtrate  with  Dulpbydric  add  and  quickly  eraponiting  and  is  purified  by  re* 
crj'»tallisation,  with  help  of  animal  clmrcottL 

Propr^icjf.-^Phlorogludn  »r*parates  from  aqueous  solution  in  hydrated  crystala 
OH*0*.2H*CK  belonging  to  the  triroetric  system;  b^  kIow  evaporstkm  they  may  be  ob- 
t^intt!  of  the  size  of  |>«Aak,  and  with  irregular  prismatic  faces.  The  crystala  grate  between 
tlw  i^th,  <*MoreaGe  in  warm  air  and  in  vacuo,  or  more  quickly  at  9iPf  giving  off  22 '2/^ 
to  2247  pep  cent,  water  (2  at.  «r  222  per  cent.),  and  lead  tig  anliydruus  phloroglucin* 
The  anliydruns  compound  ahw  sepiniles  dirixi'lly  from  solution  in  anhjdroim  Hhec. 
Phkiroglucin  is  sweeter  than  common  sugar,  neutral  to  TegetivUe  colour*,  permaneut 
in  the  uir  at  anlinary  temperatures,  melts  at  about  220^,  sublimes  without  particular 
onour  Mnd  (solidifies  on  cooling.  It  diasolves  in  water  and  alcohol ^  and  readily  in  tthtr. 
It  i»  not  altered  by  kydrttchlorte  acid ;  doe«  not  precipitate  any  metallic  salt  ezeept 
fvtjric  acetntf  ofUm  with  which  it  forms  the  compoUBd  C*H*0'.2Pb''0.  It  is  coloured 
d**ep  dolet-red  by  fmric  chloride,  and  produces  with  ckloridJtof  Ume,  a  reddifh-ypUow 
eislour  which  liowever  soon  disappears.  It  forms  a  oompound  with  potash,  which  gra- 
dually i»cpanitea  in  red-brown  drops  froui  the  alcoholic  extract  of  t lie  product  obtained 
by  Ixjiling  phloretin  with  potash. 

Drrompontioni. — Ammonlacal  pbloroglucin  shaken  up  with  air,  becomes  red-brown 
and  afterwards  opac^ue.  riiloroglucin  in  concent mted  aqueous  solution  in  converted  by 
bromitu  into  tr  i  brom  o  -  p  h  lor  og  1  u  ci  n,  which  immediately  separates  in  the  crystalline 
fofiB,  the  liquid  becoming  hot,  and  emitting  t\  highly  tear-exciting  odour,  ^^itric  acid 
diaad vos  it  with  brown  colour,  and  eon  irerti*  i t  i  n to  n  i  t r  o  p h  1  ct  r  o g  In  e  i  n  ( p.  496 ), — 
Ammtmia  converts  it  intopMoramlne,  CH^'^O-  (p.  488).  It  reduces  iin  alk<tHti€  solu' 
ium  &f  eupric  axidt,  like  gnipe-augar.  It  reduces  mercurovs  nitratr  when  hvated  with 
it,  and  likewiae  nitrate  of  aih^cr^  with  peculiar  quickness  oo  addition  of  Hminonia« 
With  chhridcof  aeti^t  chloride  o/ben^tt^l,  ^c,  it  forma  subtftitudon-products,  p.  49C)^ 


lkrimtivc9  qf  Phlorofflvdn, 

nPribromopliIororlQclii.      CH'Br'O*,      (Hlasiweti,  Ann.  Ch*  Pharm.  xcn. 

118,)— Pntduet'd  hy  dropping 'bromine  into  concentrated  aqueous  phlorpglucio  tiU  the 
colour  of  tJR'  brointiie  \»  no  Itingt^r  destroyrd,  and  the  liquid  has  solidified  to  a  crystalline 
pulp;  the  pro<Juct  is  then  csilWtrd  on  a  filter,  wan-sbed  with  cold  water,  and  recrj'sttd- 
lis«'d  fruui  boilinj^j  wator  with  help  of  animal  charooal. 

It  LTyhtiilliHtit  from  water  in  long  noedh  »  (mo«tly  brownish),  from  alcohol  in  con- 
centrically united  prisms,  containiug  C*H*Br*0".3H*0,  which  give  off  their  water  in 
warm  air^  ot  at  10(F,  and  are  n^ducc'd  to  unhydrous  tribromophlorogluciQ.    The  com- 
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*  freely  in  boiling  water ^  but 


I  to  I 


pound  diB8olvi?»  rt^ty  fcligbily  in  cold,  ,  _  ^ 

partly  decomposed  by  cootiuwed  boiling.     It  diBsolvea  ▼ery  readily  m  »!ooho 

browii  colour  in  aqueous  alkalis  and  aULoliue  carboQAtes. 

VltrepHlorofflaolii.  CTI'NO*  -  C*H*(NO«)0«.  (Hla»iwet<  and  PfaundUr, 
Ann,  Cb.  Pbarm.  cxix,  199,)— Wh^n  phldrogliioia  isaddcd  by  vmaliqaantitiestOtOBie- 
vbat  dilute  nitric  acid  modcrat**!/  heated  and  kept  at  a  uniform  temperatore,  &  dMp 
led  kolutioD  is  fi>rnied,  which  deposit*  th©  nitro*eomponnd  in  flmall  nodolea :  by  reciji- 
t&lliaaitoa  from  hot  water  it  may  be  obtained  in  reHldiah-yeUow  ahining  scale*  and 
laminip,  having  a  idigbtly  bitter  tasto.  It  ia  slightly  soluble  in  water,  fonning  &  jellov  j 
9olution, 

Aeetyl-plitoroslneltt*      C"H"0«     -     OH*(CH»0)^»?      (HU»iw<jli 
Pfauadler,  Ann.  Ch,  Pliarm,  cxix.  201.) — Chloride  of  acetyl  axits  on  phlorogjtidii  <    _ 
at  mejui  temperatures,  and  at  higher  temperatorefl  converts  it^  with.  eToJution  of  liydro«1 
ehloric  acid,  into  a  white  crystalliae  mans  of  the  acetyl-compooad  which,  al%47th 
focoeaa  of  chloride  of  acetyl  htui  b«en  expeU<^  may  be  recrystAuiaed  from  alooboL    I 
fomu  oouill  colourless  priBms  which  e^ivie  off  acetic  acid  when  heated,  and  are  iBBolaiy^l 
In  water,     Ita  mtionai  formula  in  deduced  from  the  analogy  uf  bensojlphlomigliifi^j 
analysis  giving  no  meauM  of  determining  whether  1,  2,  or  3  at.  acetyl  have  noMmndh^ 
the  phloroglucin  in  pliice  of  hydrogen,  inaamiicb  a»  all  three  produeta  woold  Iwfvt 
aamp  pGrH!i*ntiigje  co mposi ti on,     (HIasiwctz*) 

BensoT^l-pblorogliieln.    C»'H^«0*     -     C*H"(C'HH))»0*.      (Hlasiweta 
Pfaundler,  luc,  ciL) — Produced  by  the  action  of  cmorido  of  b«n2oyl  on  phlor 
and  purified  by  boiling  with  alcohol,  in  which  it  ia  neariy  insoluble,     Cr 
small,  white,  shining  scales. 

FBIiOmo VS.    0*H*0*.    (E 0  m  m  i  e  r  and  B o u i  1  h  o  n*  Compt.  rend,  Ir.  21  i.> 
Thie)  eonipt^und,  homologous  viHith  quinone  (C*H*0*)f  is  produced  by  distilling  2  ptm.  < 
coal-tar  creosote  (the  portion  of  crude  carbolic  acid  boiling  between  196°  and  f20^X 
and  3  nts,  oil  of  vitriol  in  a  cajpacious  retort^  adding  cliromate  of  potaaainm  (or  1 
peroxiiM  of  manganese)  from  time  to  time.      A  yellow  distillate  is  thus  obtAyned  i 
with  yi'Uow  drops  which  quickly  solidify,  and  may  be  purifit^  by  pressure  beiv 
pupor  and  recrystallisation  £hom  water  at  6(P,  It  forms  splendid  yellow  fle'xible  Deedl«9%J 
soluble  in  alcohoL,  ooly  slightly  soluble  in  cold  water,  and  smelling  liJte  qainoae*     ^ 
melts  at  60°^ — 62°,  and  volatilises  with  vapour  of  water,  part  of  it  however  1 
blackened  and  decomposed  at  the  same  time. 

The  solution  of  phlorone,  like  that  of  qninone,  is  turned  brown  by  aUcaJia,  and  tlifl 
yields  a  brown  flocetilent  prt-cipitate  with  acids,     Fhlorone  is  decolorised  and  rednesftl 
by  sidphuroiu  acid^  pelding  a  ver}'  soluble  crystalline  body,  pnobably  homok^oa  wit&i 
hydroquinonc  ;  it  does  not  act  on  polarised  light.  J 

Metaphloronc,     This  is  a  less  soluble  isomeric  modification  of  pUoirone,  whadkl 
remains  behind  when  pblorone  is  dissolved  in  water  at  60^,  but  crystjdliscv  in  mw^^H  oeedlsi  T 
from  wat^r  at  9W^.     It  melts  at  125^,  dissolves  in  hot  wuter  somewhat  mon  xvadtly 
than  in  cold,  and  behaves  to  acids  and  slkiiliB  like  pblorone. 

PH0CBVZC  ACZB*     Syn.  with  Dklfsinic  Acm  (ti  309). 

IPflOCSinXi  or  PBOCSirza'.     Syn.  with  Bblphik  (il  809), 

PBlEirxczn'.    Syn.  with  SuLFHOFHCEKicto  Acm.    Se«  Ihpiqo-  apLPH umc  Acnss 
(iii.  261). 

PSSWZeZTS  or  FSIBirXXOCBmOSTB.  Syn.  with  McLOMACKnoin  (iil  W6), 
PHO^SKXTX.  A  kind  of  clay,  not  differing  much  from  Kaolin  in  c^wnpositiuai 
but  occurring  in  ikift,  white  nacreous  scales.  Specific  grimly  2'35— 2'67.  laMti^  ' 
Occurs  at  Fins  in  the  dept.  of  Allier,  and  at  Rive  de  Gier,  dept.  de  la  Loit«v  Fnaee, 
filling  fissurns  in  nodnltfis  of  iron  ore  in  the  coal  formation  ;  also  at  Cache-Api^  il 
Moos  in  Be%iiim  ;  with  emeiTr  at  Naios,  and  with  diospore  at  Scheninits  (Dana);  in 
Issues  of  the  bluish-grey  santliftone  of  Ltidere  in  Hirault  (Pisani)  near  Fimiberg,  ^ 
(R.  Mil  Her,  Jaliresb.  1861,  p,  1003,) 

PMOiroi.ITS,     Syn.  with  CLiMtsroKK  (i.  1025), 

PBOBMTIfS  or  PAtvdnmorphine.     See  Mobphikb  (iii,  1061). 

PBOMOMB.     Syn,  with  CjLirPHORONa  (i.  733), 

PBOSOZ^STB.    Syn.  with  OxvcHLokinx  or  Cabdon  or  Cinx^niDii  of  CanBronn 
(1.  T74). 

PK0fiai:irZTB.     Chlorocarbonate  of  Lead  (iii.  339). 

PaosPBA.C£TZO  ACTS.     One  of  the  adds  which  Zeise  obtained  by  the  actipa 

of  phu«*phi>ru3  on  acetone  (i.  28). 
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VMOSrSAW.  PHN«.  (H.  Rote»Pogg.  Ajid.  xxriil  iii9.— Gcrh&rdl,  Ann. 
Ch,  Fhjr*.  [3]  iviii.  188. — Schiff»  Ch.  Phiknn.  ciii.  188.)— This  compound  i*  the 
nitrQe  oif  pho^liorie  ftctd,  iti  reUiion  to  Uut  add  being  i^imiliur  to  that  of  acetonilrile 
tOMttio  add: 

C«H*0»     ^'       NH»    -     2H«0       -      C^H'N. 

Ar«dc  idd.  AcptontirUc. 

PH»0*      ^r     INH"    -     4HH)       -      PIIN' 

Ptio»phorie  •eid,  Pha^plisin. 

1 1  ifl  obtalDcd :  1.  Bj  paMiog;  unmooia-^gu  OTer  pentachloride  of  phoephorua^  and  biMiiing 
the  product  in  a  stream  of  carbomc  anhydnda  (H,  Roae)*  According  to  Horn  the 
compoutid  thus  formed  is  a  dinitrtde  of  phosphorus,  PN';  but  acoordtng  to  Ocrliardt  it 
bat  the  composition  above  gireog  its  funnutioQ  taking  plac«  as  ahown  by  thp  equation : 
FC1»     +     2NH»       -       6HC1     +     PHN». 

2.  By  aaturaHag  phosphoric  anhydride  aa  oompleUly  aa  cociaible  with  ammoiua-gas, 
and  heating  the  product  in  a  dry  correDt  of  that  gas  (Scbiff): 

PW     -ir     4NH»       -       2PHN»     +     61PO. 

On  treating  th«  product  irith  cold  water,  phoaphoric  acid  diaiolTait  and  phospham 
remains. 

Phoepbam,  prepare  by  th^  first  process,  isal>iillty  poirder,  white  if  moisture  has  been 
C&refuUy  excloded  dtiring  ita  prepojration,  reddish  in  the  contrary  case;  aa  obtained  by 
tha  saoond  process  it  is  yeUowish^red.  When  heated  in  a  close  vessel  it  Dfitlier  fiiaea 
nor  TolatiliMs.  Water  decomposes  it  at  a  high  tempemtore,  forming  ammonia  and 
phosphoric  add,  and  it  ia  dacompoaed  in  liko  manner  by  fusion  with  Kydfate  of 
potassium. 

H    )« 

»XOSJPKA|«I0  AGXn,    PH^NO*  ^  (PO)*'  >^.— This  compound  i»  produced, 

accordini^  to  Schiff  (Ann.  Ch.  Pbarm.  ciiL  168),  by  the  action  ol  ammonia-gaa  on 
phosphoric  anhydride,  according  to  the  aquation : 

P*0»     +     2NH»       =       2PH»N0«     +     H*0, 

alao  by  the  action  of  water  on  chloronitride  of  phosphorus : 

KPa«     +     2H'0       ^      PH»KO»       +     2Ha 
OUdatone^  howerar  (Ohem.  Soc.  J.  xvil  229),  has  shown  that  the  produ<^  fbnnod  in 

^*   In* 

both  these  reactions  is  pyrophosphodiamic  acid,  PN'HK)*  -  ^P*0*)"  >q^  according 

H'    ^ 
to  the  equations : 

P«0»     +     3NH»       -       P«N'H"0». 
2N*P»C1«     +    15H*0        -     3P'N'H*0*     +      12BCL 

(See  PntOFHOBFitAMio  Acmsjt 

Pkenyi'pkatpkamie  acid^  {FOf  >q. — Aniline  acta  strongly  on  phosphoric  anhydride, 

apprently  produdng  this  compound  (Schiff)  [or  perhaps  pheuyl-pyrophospbodiamic 
acicl], 

9MOmwMAMtmmm^  These  are  compounds  formed  &0111  one  or  more  molecules  of 
ammonia,  by  the  substitutjon  of  phosphatvl  PO,  for  3  atoma  of  hydrogen.  (Gerhurdt^ 
Ann.  Ck  Pfiya.  [3]  xviii.  tSS.—H.  Schi'ff,  Ann.  Ch.  Pharm.  ci  300.) 

1 .  Pkotphomonamidf,  fJ(FOy.  (Gerhardt' s  Bipko&phamide. )^Thi«  eom poond, 
which  contains  the  elements  of  mono>ammonic  phosphate  intJiMa  Sat.  water  [Pfl^KB*) 
O*  —  SH^O],  ii  obtained  by  heating  phosphodiamide  or  phosphotriamide  witJiout  access 
of  air : 

N«IPPO     -     NIP       -       NPO. 
Pfaowiioai. 

amUls. 

N«H*PO     ^     2NH>     -       NPO. 
Fh  Mpbo<>trUail4s. 

It  is  a  pulTemlent  substance  retembling  phoapho-triamide  in  ita  re^etionay  hut  aliU 
more  dlfflcult  to  decompose. 

2,  PhQ4p h ^din  m ide,  ^^^}  \  N'.    (Gerhardt*8  Pkoitpkamde.}~Tlm  amide  whieh 

may  be  regarded  asdiammonic  phosphate,  PH(NH*)'0\  mintu  3  at.  wateri  is  produced: 
1.  By  sataratiag  pentachloride  of  phosphorus  with  ammonia-gas,  whereby  the  lo-eallod 
Vol.  IV.  K  K 
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ekhrophoaphamide,  N*H'PC1',  appears  to  be  fint  formed,*  and  bdfing  this pradnet  vitk 
water: 

PC1»  +     4NH»       -       N»H*Pa»     +     2NH*CL 

and  N*H«Pa«    +       H«0       -       N«H«PO       +     ZKCL 

The  product  is  purified  by  boiling,  first  with  caustic  potash,  then  with  nitric  or  tpil- 
phunc  acid,  and  finally,  by  wafiUng  with  water.  It  is  a  white  powder,  iniK^ble  in 
water,  alcohol,  and  oil  of  turpentine.  When  heated  without  access  of  air,  it  ffiTSSoffaa- 
monia,  and  leaves  phosphomonamide ;  but  if  moisture  be  present,  it  yields  ammciaia 
and  metaphosphonc  acid.  Fused  with  hydrate  of  potassium,  it  ^Tes  off  ammonia  sad 
leaves  phosphate  of  potassium.  It  resists  the  action  of  most  ozidisiiig  agents ;  bat  is 
slowly  oxidised  by  fjision  with  nitre,  and  deflagrates  with  chlorate  of  potassium. 

Liebig  and  Wohler,  who  discovered  this  compound,  supposed  it  to  be  a  hjdzate  cf 
phosphide  of  nitrogen,  PN'.H*0. 

8.  Pkotphotriamide,  ^^g/lN*  -  P(NH«)K)*  -  8HK).— When  diyamniGoiaesl 

gas  is  slowly  passed  into  ozychloride  of  phosphorus  (chloride  of  phoephatyl,  FOCP), 
and  the  product  afterwards  treated  with  water,  a  solution  of  sal-ammoniac  is  obtained, 
together  with  a  snow-white,  amorphous  insoluble  substance,  which  is  r^^*«r*y?triiT^idf* 
POCl"  +   6NH«     -     3NH*a  +  N«H«PO. 

This  compound  is  scarcely  attacked  by  continued  boilinff  with  water,  potash-ley,  or 
dilute  acids.  It  is  venr  slowly  decomposed  by  boilinff  with  strong  nimc  or  hydro- 
chloric acid,  more  r^ulily  by  aqua-regia.  Strong  su^huric  or  nitro-svlphiirie  add 
dissolves  it  easily  at  a  gentle  heat,  forming  a  solution  which  contains  ammonia  sad 
phosphoric  acid.  It  is  not  completely  decomposed  by  heating  with  soda-lime.  When 
msed  with  hydrate  of  potassium,  it  gives  off  a  large  quantity  of  ammonia*  and  ksves 
phosphate  of  potassium.  Heated  alone,  out  of  contact  of  air,  it  also  giyes  off  ammonia 
and  leaves  phosphomonamide,  which,  on  being  heated  witii  potash,  eTiAfss  more 
ammonia  and  leaves  phosphate  of  potassium. 

Triphenyl'phosphotriamidet  (C*H*)'  vN',  is  obtained  by  the  action  of  anfaychoos  am* 

line  on  oxychloride  of  phosphorus ;  it  is  a  white  mass,  more  eaafly  deoompoaible  thsa 
phosphotriamide. 

(por ) 

Trinaphthyl-phofphotriamide,  (O^H')'vN',  is  obtained  in  like  manner  hy  the  action 
H«    j 
ef  naphthylamine,  (C^H^)H>N,  on  ozychloride  of  phosphomt. 

Sulphophosphotrianude,  ^  ^}   |n*,  is  obtained  by  treating  solphocUoride  of  pbo»- 

phorus,  PSCl*,  with  ammoniacal  ^ ;  it  is  also  a  white  mass,  which  is  decomposed  hy 
water,  with  evolation  of  sulphydnc  acid  gas. 

Triphenyl-suiphophosphotriamide,  ((>H»)"  IN» ;  is  obtained  in  like  manner,  by  the 

H>  r 

action  of  aniline  on  sulphochloride  of  phosphorus.  (Schiff,  Ann,  Ch.  Pliann.  ci 
300.) 

PB08FBAMM0WIUBK8.  Sases  formed  on  the  mixed  type^  mH^I'^'" 
ample,  ethylme'trifnethyUtrieth^'photphammonium^    (CHM'^S 

»B08»RAMTx;-TRzsTBT&zirM  and  »xo8FKajnx-vmxiKsnrff&- 

ZVM.    (See  Phosphobus-basbs.) 

PBOSPBAWZUC  ACZB.     Syn.  with  PHBNTL-FBOSFBAinc  AdD  (p.  497). 

PBOSPBAJi  TIMO VZC  ACZB.  This  name  is  applied  to  the  solution  obtained 
by  dropping  pentachloride  of  antimony  into  aqueous  phosphoric  acid.  It  precipitates 
certain  alkaloids,  morphine,  narcotine,  nicotine,  &c. 


I.    Bases  formed  on  the  mixed  ^pe,  ^]^  [ ,  e.y.  ethyl' 

*  Tb«  ActinD  of  amioonia  on  pentachloride  of  phosphonii  Is  complicated,  leverftl 
formed,  one  of  which  ii  chlorooitrlde  of  photphoras,  P»N>CI«.  •««— ^^  •«  «« 
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980ftFBiLTES«    Sei>  PiiosrtioiKun,  OxisBs  ajtd  0xT0i;2ir-ACiDA  of* 

FBOSFBAXrO  JLCTD*  Hifp^qthi^^fhirric  add.  Ptilrtitr's  PkntpfuyrGti*  add.—' 
Those  n:inn**  nr*^  applied  to  thp  syrupy  mixture  of  phosphoric  and  phoephorous  addJ 
produced  by  the  »low  combuKtion  of  phophonis  in  moist  air.  A  eonT<»ni^tit  way  of 
preparing  it  in  to  intn^iuce  a  number  of  separate  stickJi  of  phosphorus  into  ghuA 
tubn  an  in^h  long,  open  aboTe  and  below*  bat  drawn  out  funiiel-sliAp«  at  the  bottom, 
these  tubes  being  arranged  in  a  funnel,  and  the  funnel  inserted  toto  a  bottle  which 
at&nds  in  a  diab  oontaimng  water.  The  whole  arrangement  19  eorered  with  a  bell-jar, 
but  in  Buch  a  manner  a*  to  give  aecees  to  the  external  air,  which  bowevcr  should  not 
be  Tcrj  warm,  aft  in  that  case  the  phoipboroa  may  m**lt  and  tako  fire.  The  acid  which 
collects  in  the  bottle  is  equal  to  three  times  the  weight  of  the  phosphorus  conHumml, 
but  nuij  be  obtained  in  a  more  concentrated  state  by  evaporation*  It  is  a  mijiture  of 
about  I  itt  phoApborous  ak!-id  to  4  aL  phosphoric  add. 

FSOftFBETBXC  AX^m,  The  name  given  by  Zeiss  (Ann.  Ch.  Fhann.  xli.  31) 
to  an  acid  which  h*:^  obtjvined  by  the  action  of  finely  divided  phosphorus  on  ethen 

FBOWHSTBTI^TmSffSTHTUraLt     See  PH0«PiiOBU»-BA«a. 

FROSFSXISSS.  Compounds  of  pho'^phoras  with  more  basic  elements  or  eom^ 
pound -radicles.  The  phosphid*^  of  hydrogen  have  been  already  described  (iiL  199); 
also  the  general  characters  of  the  metallic  phosphides  (iii,  941);  for  the  specinl 
descriptions,  see  the  sereral  metals.  The  pbti«phid+'H  of  the  alcohol-radicles,  e,g,  tri- 
ethyl-phonphinc  (C*H*)'P,  will  be  described  under  pHoaPHORUs- basks, 

FBOSPHZT1S8.     See  PitosPHonrs,  Oxtgen-acius  of, 

FSOBPHO^BXirXiLBCXO   ACXO.     An  ac'id  produced  by  the  action  of  pllOi* 

phone  anlivcirith^  Mti  oil  of  borgnmot  (i.  581). 

FSOSPHQGSBXTS.     Native  phosphate  of  cerium.     (See  Phosfhatks.) 
FHOBFBOCB.a.XtCXTB«    Nat  ire  hydrated  cupric  phoaphate,   (See  P^OflPilATBS.) 
FBOSFBOaXtT-QsmzC  AC1X>.     Syn.  with  Gltcebophosfsoioo  Aom  (li.  891). 

FB08FBO«BTX>BOQimrOBXC  ACiO.  OHTO.  (See  Desivatttes  of 
HYrnt'jQLMNOXR,  iii.  217.) 

FBOSFBO-3lff£TBTX.XirBi,  \     g,      t>„^.«,A-,r.  «a»« 

FBOSFBOMllTB'rX.-TBXETBTUin»4     See  PilosFHOliirs-liAIM. 

FH0SFB01«I0X.TSX>X0   ACZX>.     See  MoLTfiOBKi.^  (iii.  1087  )v 
FBOSFBOKSBCSirOS*     8ee  Light  (iii.  590,  632). 

FlasPBoUc  t^^lu.  j     SeePHosPHOBi^s,  Oxyosn-acios  of. 

FBOSFa0&Z7s,  A  massive  radiated  variety  of  apatite  (L  348),  chiefly  obtained 
from  K^trenmdum  in  Spain  and  Schlackenw&ld  in  Bohemia. 

FBOSFBOBOCSJklLCZTa.  A  variety  of  hydrated  cupric  phosphate.  (See 
Fhosihatks.) 

FBOSFBOmoSAlCZSkBA,    Amides  in  which  3  at  hydrogen  are  replaced  by 

1  At.  phosphorus.  Triehlonde  of  phosf^orua  absorbe  3  at.  of  ammoniat  forming  a 
white  nmss  of  eal-aromoniac  and  phosphoroso-tri amide,  N'H'F'' : 

PCI*   +    6NH*     «     3XH*C1    +   K'H'P. 

This  mass  when  heated  out  of  contact  with  the  air,  ^ves  off  smmonia  and  sal-ammo- 
tiiae,  iMving  a  yellowish  amorphouit  rt^Ridue  which  has  been  described  as  a  phosphide 
of  tntrogen,  but  whieh  in  all  probtbility  is  a  mixture  of  phosphoroso-aiamide, 
K'H'P^  and  p h o s  p h  or o 5* o -  m  o n  a  m  i  d  e,  NI*'"* 

FBOBFBOROtrS   ACZD   AHU   1:TB£BS.     See  PnofiPAOBUi.  OXToax-Acms 

OF. 

FBOfiFBOltirS.  At^tmie  wHgki  31,  Symbol  P.  Combining  volume  I,  Vapi>ur' 
den*iiift  by  ciilculalion  «  62  referred  to  hydrogea  as  unity,  4284  referred  to  air ;  by 
observation,  62- 1  and  4*35. 

This  element-,  though  very  widely  diffused  in  water,  is  never  found  in  the  uncombioed 
statf*,  but  almoiit  alwsys  in  the  form  of  a  metallic  phosphate,  and  cbietiy  as  phosphate 
of  rakium,  which  fonus  the  principal  constituent  of  apatite,  phosphorite,  coprolites,  &e. 
Combined  phosphoric  acid  ig  also  found,  though  in  very  minute  proportions,  in  moat  of 
the  primitive  rocks,  and  in  iwiils  producfd  by  their  disintegration,  whence  it  is  taken  np 
by  plants,  accumuiiiting  chiefly  in  th*j  sr*'d.     Frum  the  vegetable  it  passes  into  th^ 
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animal  kingdom,  where  it  exislB  in  the  largest  proportioiL  It  i»  finiiid  io  the  blood,  is 
the  nrine,  in  all  the  soft  tissues,  especially  the  nervouB  Uarae,  and  in  the  boiM%  of 
which  indeed  phosphate  of  calcium  constitates  the  chief  earthy  constitneiit.  Tnees  of 
phosphoric  acid  have  also  been  fonnd  in  the  water  of  sprin^B  and  ziTeiSi  and  aeocudiiig 
to  Barral  (Compt  rend.  li.  769)  in  rain-water. 

Phosphorus  was  discoTered  in  1669  by  Brandt  of  Hambiii*g,  who  obtained  it  by 
distilling  the  residue  of  evaporated  nrine  with  charooaL  Gahn  in  1769  ahowipd  it  to 
be  a  constituent  of  bones,  and  Scheele,  six  years  later,  founded  on  this  oboerratioa  a 
process  for  the  extraction  of  phosphoms  from  bones,  namely  by  digesting  white-burnt 
bones  for  sereral  days  with  oilute  nitric  acid,  remoring  the  lime  by  anlpbiuric  acid, 
evaporating  to  a  syrup,  and  distilling  with  charcoal  powder.  This  process  was  simpli- 
fied bv  Nicolas  and  Pelletier  (J.  Phys.  xi.  and  xxviiL)  who  decomposed  the  bone- 
ash  directly  with  sulphuric  acid ;  and  Fourcrov  and  Yaaqnelin  (J.  Pharm.  L  9) 
afterwards  determined  the  exact  proportion  of  sulphuric  acid  required  for  the  complete 
decomposition  of  the  bone-earth.  ^ 

Bone-earth  consists  mainly  of  tricaldc  phosphate  CaT'C.  19ow  earthy  and  alkaline 
phosphates  containing  3  atoms  of  metal  are  not  decomposed  by  ignition  with  ehazcoal,  but 
phosphoric  acid  and  anhydride  are  completely  reduced  by  thif  treatment,  while  the 
metaphosphates,  which  may  be  regarded  as  compounds  of  trimetallic  phosphates  with 
phosphoric  anhydride  (e.  g.  SCaP*0«  -  Ca>PK)«  -f  2PK)*),  are  partially  zednced.  Ihs 
first  step  therefore  in  the  mannfSBKSture  of  phosphorui  oonststs  in  the  production  of  ealde 
metaphosphate. 

Bones  are  burnt  to  a  white  ash  which  is  finely  powdered  and  mixed  with  a  qoantity 
of  dilute  sulphuric  add  sufficient  to  abstract  two-thirds  of  the  calcinm  tKm  the  ealoe 
triphosphate  and  to  decompose  the  whole  of  the  caldc  carbonate  contained  in  the  bone- 
ash.  About  3  pts.  bone-ash  and  2  pts.  strong  sulphuric  acid  mixed  with  18  pC&  water 
are  the  proportions  generally  employed : 

Ca«P«0«  +  2H^0*  =  CtTR^FHy  +  2Ca"SO*. 
After  subsidence,  the  soluble  monocalcic  phosphate  (superphosphate  of  Iime)ttstzaiiied 
and  pressed  from  the  insoluble  gypsum,  which  is  sliffhtly  washed  with  water.  The 
washings  are  added  to  the  phoflphate  solution,  which  is  max  evaporated  to  a  symn^  mixed 
with  a^nt  one-fburth  its  weight  of  charcoal  powder,  and  heated  sradnallj  to  trail  red- 
ness in  an  iron  pot,  stirring  Sil  the  time.  By  this  means  the  basic  water  of  the  mooo- 
caldc  phosphate  is  drawn  of^  and  a  porous  mixture  of  charcoal  and  metaphoq^hats  is 
obtained : 

Ca-^^PK)*    -     CaTK)*  +  2H»0; 

and  on  distilling  this  mixture  at  a  bright  red  heat^  phosphorus  is  set  fines  and  pssMs 
over  in  vapour,  which  may  be  condcnsM  under  water;  carbonic  oxide  also  tfifyfs  and 
tricaldc  phosphate  is  reproduced  and  remains  behind : 

SCaT'O*  +  C"    -     C;»PK)«  +   lOCO  +  P«. 
By  mixing  sand  with  the  charcoal-paste,  as  recommended  by  Wdhler,  the  whole  cf 
the  phosphorus  may  be  expelled,  the  caldc  phosphate  being  entizelj  cooTsHed  into 
silicate: 

2Ca'TK)«  +   2SiO«  +   C»     -     2Ca''SiO«  +   lOCO   +   P«. 

The  distillation  is  performed  in  an  earthen  retort  a  (Jig,  736%  which  is  coated  es- 
temallv  with  a  thin  paste  consistingof  a  mixture  of  equal  parts  of  bovaz  and  flre^li^ 
to  render  the  retort  less  porous.  The  heat  is  slowly  raised  to  Ml  rednfas,  and  the 
phosphorus,  which  rises  in  vapour,  is  conveyed  by  a  wide  copper  tube,  bent  as  at  ^  so  as 
to  dip  into  water  contained  m  a  vessel  providea  with  a  smaller  tabs  fat  contwiiy 
the  unoondensed  gJBMes  into  a  chimney.  The  phosphorus  condenses  in  yellow  mos 
which  sink  to  the  bottom  of  the  water,  without  coming  in  contact  with  the  air:  do 
the  lai^e  scale  a  number  of  retorts  containing  the  mixture  are  heated  in  a  galley-Knnaea 

According  to  calculation  the  yield  of  phosphorus  by  the  method  above  described  (not 
using  sand)  should  amount  to  1 1  per  cent,  of  the  bone-ash,  and  in  carefully  conducted 
operations  this  amount  is  in  foct  obtained,  but  the  average  yield  does  not  exceed  8  per 
cent,  the  loss  arising  prindpally  from  difficulties  in  the  process  of  distillation.  The 
consumption  of  fuel  is  also  very  larse,  and  the  cost  of  the  process  is  greatly  increased 
b^  the  frequent  breakage  of  the  earwen  retorts.  It  has  not  yet  been  fonnd  possible  to  ob- 
viate these  inconveniences  in  the  process,  and  accordingly  the  effisrts  of  mannfiictorarshaTe 
rather  been  directed  to  make  up  for  the  unavoidable  losses  involved  in  the  pKpaiation 
of  phosphorus,  by  a  judicious  application  of  the  secondary  products,  especially  by  twfcing 
use  of  the  animal  matter  of  the  bones,  which  was  formerly  allowed  to  bam  awi^. 

With  this  view  the  bones  are  first  f^«ed  from  fsH  by  boiling  them  with  water  and 
skimming  off  the  liquid  fiit  which  fioats  on  the  eur&ce ;  this  fiit  may  be  used  fix  the 
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pre{«mtion  of  sonp.  Tlie  bonea  at©  then  eith«r  subjected  to  the  actioo  of  snporheitted 
»t^iiiii«  wh^fr'lvy  the  gt'lniujooB  m&tter  is  extractea.  and  the  remaining  earthy  mutter, 
tJUn  being  dried  and  calcined,  ia  uaed  for  the  preparatloii  of  phoaphOTua  aa  above  de- 


ieiib«d;  or  they  vnt  treated  with  dilute  fajdrochloric  acid,  which  diflsotTei  out  the  earthy 
mutter  and  teaTca  the  cartito^nous  nibataDCe  in  a  stale  arailAbLe  for  the  prepAratloo 
of  gplatan ;  and  the  acid  aoltttioo  is  pFedpiti&ted  with  milk  of  Umo,  or  better  with  cnido 
OBimiate  of  ammoma,  whereby  tricaldc  phoaphate  ia  obtained,  to  be  med  a«  above. 

Another  mode  of  operatioii  cousiata  in  sabjecting  the  bones  to  deatrufltiTe  dutillatinn, 
whereby  ammoniuni'flaUa  and  bone-charooal  aro  obtained.  The  hitter  ia  either  ftrst 
niwd  in  the  refining  of  sogar,  and  after  it  haa  beoooe  v&ftTmilable  Ibr  this  borpo^o,  cal- 
ehitxi  for  the  preparation  of  phofiphorus;  or  it  la  pnrtfled  by  ezhanation  wilo  hot  hydro*^ 
chloric  acid,  ana  the  aolution  separated  from  toe  purifi^  eharooal  (nMr  purifii)  la 
trunsformcd  as  above  into  tricalcic  phosphtito. 

Of  late  years,  prooeasea  of  manufacture  bvTo  b<^en  proposed  which  dispense  with  the 
necenity  of  decompoaing the  bones  with  sidphorie  acid.  Fleck  (Folyteckn.  CentraM* 
IWe,  p.  681 ;  PliajTn.  f.  Tmns,  xvi.  173)  roacemt^^s  the  bones  wii^  dilute  hydrochloric 
acid,  and  eraporatea  the  decanted  solution  to  such  a  degre«  of  concentration,  that  on 
orwling  it  depoaita  cryetals  of  acid  phosptiate  of  ealdam.  Thia  aalt,  alter  being  freed 
from  mother-ltquor  by  pressure  between  porous  atoneSi  is  mixed  with  a  fourth  part  of 
its  weight  of  wood-chircoiil  and  distilled. 

Gary- Mil n t  ra nd  (Compt.  rend,  xxxvi.  864)  pasiea  hydrochloric  acid  gas  over  a 
niijclure  of  bone-phosphiite  and  charcoal  at  a  red  heat,  whereby  the  whole  of  the  phoa- 
pborus  ia  »et  free  and  chloride  of  catcium  remains : 

Ca*P*a»  +  O  +  6Ha  -  aCa'Cl*  +  SCO  +  H»  +  P". 
Thui  mixture  is  introduced  into  ftre-clay  cylinders  open  at  both  ends,  bud  horiaoota^y 
in  a  furnace,  comiectt'd  at  one  end  with  an  apparatna  for  generating  hydrochlooc 
acid  gas,  and  prorided  at  the  other  with  copper  adapters  dipping  into  receivera  con- 
taining water  At  the  dose  of  an  operationf  thA  rMidae  of  chloride  of  calcium  and 
charcoal  may  be  remored  finom  the  cylinders  and  a  freah  charge  introduced,  without 
putting  out  the  fire.  The  chloride  of  calctum  may  be  deoompoaed  by  sulphuric  a^sd,  ao 
m  to  yield  hydrochloric  acid  for  the  next  operation.  It  does  not  appear  however  thai 
eith*^r  this  or  the  preceding  proceaa  haa  yet  been  adopted  on  the  manufitctiuing  acalo 
the  uld  process  by  N  i colas  and  Pelletier  being  thai  which  la  invariably  osed. 

Pitrijicatifm. — The  cmde  phoephoma  obtained  by  the  first  diatiUution  la  contaminated 
with  oxides  of  phosphorus,  red  phosphoroa,  and  other  snbetancee  wliich  give  it  a  red  or 
brown  colotir.  It  is  purified  l>y  mechanical  filtration  or  pressure  through  chamoia- 
leather,  by  redistillation,  or  finully  by  chemical  means,  viz.  by  fusion  and  putial  oii* 
dfttion.  The  old  mp*rho«l  of  pressing  through  chamois'leather  appoars  to  bo  no  longer 
in  iLSe,  the  anpply  of  chtimois^leather  in  fact  not  being  sufficient  for  the  pmrification  of 
tho  lrtr;ge  quantities  of  phoiiphonis  now  manufactured.  The  filtration  through  alaba  of 
chamoite^tone,  or  lay  era  of  charcoal*  introduced  into  French  m&na&ctories,  haa  bae^ 
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abandoned  as  too  slow.     The  purification  of  phosphonis  by  redistflLition  is  simpler, 
but  is  attended  with  some  loss  and  involves  a  conaiderable  expenditure  of  fkid 

In  most  manufactures,  the  purification  of  phosphorus  is  now  socoessfollj  and  eeaoo- 
mically  effected  by  treating  the  crude  product  with  snlphnric  acid  and  chromate  ol 
potassium,  as  first  suggested  by  Wo  hler.  For  this  purpose  a  mlrtiire  of  chromate  d 
potassium  and  sulphuric  acid  is  added  to  the  melted  mass  of  cmdephosphoroa.  The  red 
phosphorus  appears  then  to  be  oxidised  first,  and  the  impurities  rise  to  thesarfiiee  in  the 
form  of  a  scum,  while  the  pure  phosphorus  remains  oou>arle8S  and  tzansparent  at  the 
bottom  of  the  vessel. 

Moulding. — Phosphorus  is  frequently  sent  into  the  market  in  sticks.  Tliis  shape  wis 
formerly  given  to  it  by  drawing  the  melted  phosphorus  into  |;lass  tubes  with  the  month, 
care  being  taken  to  keep  the  upper  part  of  the  tube  filled  with  water.  This  dangerous 
method  has  however  been  entir^  superseded  by  the  following,  devised  bj  Senbert 
(Ann.  Ch.  Pharm.  xlix.  346).— The  phosphorus  is  liquefied  in  an  elliptical  or  cooicd 
vessel  containing  water,  which  is  kept  exactly  at  the  melting  noint  of  phosphorus  (44®  C 
or  1 1 1°  F. ).  From  the  bottom  of  this  vessel  there  proceeds  an  elbow-tube,  connected  hy 
a  socket  and  stopcock  with  a  horixontal  glass  tube  soldered  into  the  side  of  a  TesKl 
containing  cold  water.  On  opening  the  c^ck,  the  liquid  phoq^oms  flows  into  the  hori- 
zontal tube,  where  it  solidifies ;  and  by  thrusting  a  copper  wire  a  little  way  into  the 
tube,  allowing  the  phosphorus  to  solidify  around  it,  and  then  ffraduallj  with- 
drawing the  wire  with  the  stick  of  phosphorus  sdhering  to  it,  the  melted  ^hasphoros 
will  continue  to  fiow  into  the  tube  and  solidify,  and  may  then  be  drawn  out  into  a  long 
cylinder,  which  may  afterwards  be  cut  into  sticks  of  any  required  length. 

The  same  apparatus  may  be  used  for  the  granulation  of  i>hoi^horas.  For  this  pur- 
pose, the  vessel  containing  the  horizontal  tube  is  filled  with  cold  water  only  to  just 
below  the  level  of  that  tuM,  and  upon  it  is  careMly  poured  a  layer  of  warm  wat^r,  a 
thin  board  being  interposed  to  prevent  the  warm  water  from  at  once  mixing  with  the 
cold.  On  opening  the  stopcock  to  a  moderate  extent,  the  melted  nhoffphoms  flows  to 
the  end  of  the  horizontal  tube  and  falls  out  in  successive  drops,  whicn  soudify  in  passing 
through  the  cold  water,  and  collect  at  the  bottom  in  grains. 

Phosphorus  may  also  be  granulated  by  agitating  it,  while  in  the  fused  state,  with  a 
warm  liquid  till  it  solidifies.  For  this  purpose,  according  to  Cassarca  (J.  Fhann. 
xn.  202),  alcohol  of  36°  B.  is  better  adapted  than  water.  According  to  Bottger 
(^Beitrdge  zur  Chemie  und  Phyaik,  i.  65 ;  ii.  127),  the  liquid  which  reduces  phosphorus 
to  the  finest  state  of  granulation  is  human  urine ;  and  it  derives  this  property  from  the 
urea  which  it  contains,  so  that  an  aqueous  solution  of  artificial  urea  may  be  used  as  a 
more  cleanly  substitute  for  tlie  urine.  A  tall  cylinder  an  inch  wide  is  half  filled  with 
a  liquid  of  this  kind,  and  h^at  applied  till  the  phosphorus  introduced  into  it  is  melted : 
the  phosphorus  is  then  worked  about  fur  two  minutes,  by  means  of  a  twirling  stick 
which  passes  through  the  onrning  of  the  wooden  cover  of  the  cvlinder ;  it  is  thus 
brought  into  a  fine  state  of  division. .  The  remaining  portion  of  tne  CTlindcr  is  then 
filled  with  cold  water,  the  twirling  motion  being  continued  all  the  while.  When  the 
liquid  comes  to  rest,  the  phosphorus  is  deposited  in  the  state  of  powder ;  the  liquid  is 
then  poured  off,  and  the  phosphorus  washed  with  water.  Rei^>ecting  the  supposed 
mode  of  action  of  the  urea  see  Schiff  (Ann.  Ch.  Pharm.  cxviii.  88).  Blondfot  (J. 
Pharm.  [4]  i.  72)  rt:commeuds  the  use  of  sugar  or  of  a  salt  in  place  of  urea. 

To  the  larger  manufacturers  of  lucifer-matches  the  phosphorus  is  often  supplied  in 
solid  cakes  or  cheeses. 

For  further  details  on  the  preparation  and  purification  of  phosphorus,  see  Richard- 
son and  Watts's  Chemical  Technology,  vol.  i.  pt.  4,  pp.  110 — 125;  also  Hofmann*s 
Beport  on  Chtrmcal  Products  and  Procisma  in  the  Exhibition  of  1862,  pp.  93 — 96. 

Properties. — Phosphorus,  when  freshly  prepared  and  quite  pure,  is  almost  peiftedy 
transparent  and  colourless,  or  with  only  a  faint  yellowish  tinge.  It  melts  at  44*',  fbrm- 
ins  a  viscid  oily  hquid  which  sometimes  retains  its  fluidity  when  cooled  seTeral  degrees 
below  the  melting  pointy  but  soUdifics  instantly  when  touched  with  a  solid  body.  The 
specific  gravity  of  ordinary  phosphorus  is  variously  stated  at  from  1*77  (Berr,  Likri.  I 
218)  to  2*09  (Bottler,  in  Chtulins  Handbook).  According  to  Gladstone  and  Dale 
(PhiL  Mag.  [4]  xviii.  80),  the  specific  pavity  of  solid  phosphorus  at  529  is  1-828:  that 
of  phosphorus  remaining  liouid  below  its  melting  point,  1*763.  It  is  a  non-eondnctor 
of  electricity  both  in  the  solid  and  in  the  liquid  state. 

In  warm  weather  phosphorus  is  somewhat  fiexible  and  may  be  bent  without  bnaking, 
but  near  the  freezing  point  it  becomes  brittle.  When  phosphorus  is  broken,  it  exhibits 
a  enrstalline  fracture,  but  distinctly  formed  ci^-stab  of  phosphorus  cannot  be  obtained 
bj  nision,  except  when  a  very  large  quantity  is  operated  on.  Crystals  of  phosphonu 
may  be  obtained  by  cooling  a  hot  saturated  solution  of  phosphorus  in  lodc-ouTos  in 
i^"*"^  ~>h<Mmhonis,  or  by  the  evaporation  of  its  solution  in  sulphide  of  carbon.  The 
loms  are  usually  either  regular  octahedrons,  or  rhombic  dodecahedrons. 
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PhMpborus  boiUi  in  dowd  TevM^s  nt  250''  (Heturich).  288''  (Dntton),  290^ 
(PelLetier.  Ann.  Chpin.  it,  3).  Its  TiipourHleii§itv,  according  to  DoviU©  atid 
TrooBt  (BiilL  Soc.  Chim.  t.  484),  w  4'36  »t  500°  and  Vm>  nt  1040°  rea^rml  to  air  m 
nnltj.  The  former  namber  mvm  for  the  ipeafic  gr&ritj  of  the  r&pour  referred  to 
hydrogen  aa  unity,  the  namDer  G2%  which  ij  rathnr  more  than  donhle  the  fttomie 
weight  of  phosphonifl.  Hence  it  appears  tiiat  the  atom  of  phoiphonta  in  the  gaaeotia 
■tate  oceopiea  only  half  the  balk  of  an  atom  of  hydrogen  (lee  QasBSf  CoiouKaTioN  op 
WW  TountMf  iL  810), 

Fho&pkonm  ia  inaolable  in  water ^  altghtly  soluble  tn  ethtr,  but  more  ao  in  henstne,  oU 
tf  imrpmtitu  and  other  nseniial  aa  well  aa  in  Jired  oiU.  It  ia  alao  fre«dy  diaaolved  by 
MfeHgj  i^9ulpkur,  trirhloridt  o/phofpkorus  and  suJphid^  a/earban. 

IHlOipboruB  is  extremely  inflammable,  taking  Are  in  the  open  air  at  a  tern peraf tire 
very  little  abore  ita  meltinff  pointy  bumiDg  with  »  brilliant  white  flame,  and  emitting 
denae  whit«  fumea  of  phoatmonc  anhjrdride.  If  it  contAias  impurities,  it  takea  ftre  atiU 
moro  eaiily,  the  lijaat  deteloped  by  afight  friction  boing  oftrn  aafflcient  to  inflame  it. 
Pbonlionf  nmtt  therefore  be  handled  with  great  enntion ;  a  bum  from  it  is  rery  Kcrere 
and  oifltollt  to  h«aL  It  mtivt  alwuya  be  kept  under  water  lill  wanted  for  u^e;  it  may 
then  be  taken  out  and  dried  by  gentle  pressure  between  filtering  paper;  it  ii  beH  ajao 
to  cut  it  under  water-  When  a  solution  of  phospboruH  in  sulphide  of  carbon  i»  dropped 
upon  filteriog  paper  and  left  to  eTaporate  in  the  open  uir,  the  finely  divided  phoephoma 
imich  remains  on  the  paper  absorbs  oxygt^n  no  ranicllj  that  it  immediatelv  takes  fire. 

The  flame  of  hydrogen-gas  impregpnied  with  pnonphorua,  aa  prodoced  by  the  intro- 
ductiun  of  free  phosphonis,  hypoplKMfphoroiia  acid  or  phuf^phorotis  acid  into  Marshes 
app&raLuA  (i.  362),  exhibits  whi^ii  examined  by  tbe  sp^Klroacope,  two  intense  green  linfa, 
0D««  of  which  coincides  with  a  line  in  tho  iMirium-speetram.  Thisreacdon  is  so  delicate 
tliat  it  will  dif<tinctly  indicate  the  presence  of  pbosphonis  in  the  hydrogen  erolTcd  on 
diKflolmig  ortli nary  iron  wire  in  dilute  sulphimc  acid  (Christoffe  and  Beilstetni 
Compt,  rend.  In.  399),  eee  also  Seguin  {thtd.  tiii.  1272). 

rhoaphorua,  when  exposed  to  the  air  at  ordinary  temperatures,  gradually  absorbs  oxy- 
gen and  undergoes  a  slow  eombustton,  giring  off  a  white  vanoor  which  has  a  peculiar 
garlic  odour,  and  consists  cf  phosphorotis  anhydride  mixea  with  a  little  phosphorio 
anhydride,  or  if  the  air  is  moist,  of  the  corresponding  ncids  (p.  499).  In  a  dark  room 
the  slowlr  burning  phofiphoms  and  the  vapour  given  off  from  it  shine  with  a  greenish- 
white  lifiht^ 

The  slow  combustion  of  phosphorui  ia  afl>?cted  by  sereral  cirenmstances.  In  pure 
oxygen  of  ordinary  density  it  does  not  take  place  at  all  &t  temperatures  below  15°,  bu*^ 
on  rari'fying  the  oxygfon,  or  diluting  it  with  nrtroeeni  hydrogen  or  carbonic  inh^rdrldey 
the  phoaipborufl  becomes  luminous  in  the  dark  at  lower  tempemtims.  In  the  air,  the 
luminosity  is  not  pereeptible  at  temperatures  more  than  a  few  degyeea  below  0^,  but 
becomes  sensible  at  that  tempenittire  and  increases  at  a  few  de|re€B  above  it.  Slow 
eombustion  is  completely  prevented  by  the  admixture  of  certain  inflammable  vapoura 
and  gases  in  minute  quantity  with  the  air;  thus  if  air  be  mixed  with  j^  of  its  bulk  of 
oleAmot  gas,  j^  of  roek-oil  or  ^^  of  oil  of  turpentine  vapour^  a  stick  of  phosphorus 
IK>  kMiger  becomes  Inminoua  when  exposed  to  it, 

Beepecting  the  leaetions  of  phosphorus  with  cklorittf,  sulphur  and  other  elements, 
Bee  page  50iS, 

Modi^aiions  of  PhotiphoruB,—V\\m'g\xQTViM  is  capible  of  assuming  sevend  difitrent 
forma  under  the  influence  of  cauBes  apparently  tnfling.^ — a.  When  expoeed  for  some 
time  to  light  undor  water,  it  becomes  whitt,  c^xaqne  and  scaly,  the  change  proceeding 
from  the  surface  inwards.  This  white  phosphorus  has  a  specific  gravity  of  1*515 ;  it  is 
somewhat  less  fusible  ttian  the  transparent  variety,  and  Is  reconverted  into  the  latter 
by  a  iempprature  not  exceeding  50^. — jB,  Another  modification  is  produced  by  the 
sudden  cooling  of  melted  phosphorus;  it  then  becomes  perfectly  f)lack  and  opaque,  but 
ts  restored  to  the  tnin^paiv^nt  colotLrleftS  eondition  by  simple  fusion  and  slow  cooling; 
According  to  Blondlot  (Compt.  rend.  Ix.  830;  Bull,  Soc,  Chim,  [2]  iii.  415X  this 
black  modiflcution  is  the  type  of  pure  phosphorus.  He  obtains  it  by  first  purifying  or* 
dinary  phosphorus  by  several  di^tiUations  (in  hydrogen  gas),  then  exposing  it  to  the  sun 
and  distilling  again.  The  product  collected  in  a  receiver  cooled  very  slowly  solidifiea 
to  a  white  mass  which  suddenly  turns  black  when  the  temperature  of  the  condensing 
water  falls  to  &*"  or  6^,  It  is  important,  however,  to  know  whether  the  hydrogen  used 
in  the  distillsition  wa.<»  absolutely  pure;  since  the  least  trace  of  certain  metuls  or 
metalluYdjt  Wuiild  be  sufflcipnt  to  blacken  tho  phosphorus. — 7.  A  viseotu  modification, 
analogmis  to  viscous  sulphur,  mny  be  obtained  by  beating  very  pure  phosphorus  to 
nenr  its  melting  point,  and  suddeuly  cooling  it. 

a.  Kt'd  or  Afiwrphiiitjt  JftoitpkoruM, — Tliii(,  whicb  is  the  mo9t  remarkable  modification 
of  pliwpbonis,  is  prt>dacod  when  ordinary  phosphorus  ts  exposed  to  the  action  of  lighl 
or  heat  ia  an  atmosphere  nol  containing  oxygen,  or  when  it  is  heated  with  a  mob^ 
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quAtititj  of  iodine,  ft  uppf'iua  to  fattvc>  be^^n  first  Dotic<>d  bjr  B^^  r^e  1  i  u«,  vha  fcmiod  Utal 
phi>sphonui  uud<*r  the  influtrncc  of  coloured  light  lioquifvii  a  imI  tint,  without  aih«nCi«l 
of  weight.  Hud  at  the  gniuG  time  We«  its  property  of  shiniog  m  the  d&rk.  SobseqtifiiUj 
in  1844,  Emile  Kopp  (Compt.  rend.  xlix.  346)  in  pivpiiring  iodide  of  •^jl  ^ 
treating  alcohol  with  iodine  and  pho^^pburua,  obnerrod  the  f<inuatioii  of  a  fkI  moisAm' 
tioo  of  phoaphorui,  amorphous,  deetitute  of  tjurte  and  odour,  ^etj  littlo  dispOMid  Ut 
oxidiae  at  ordinary  temperature*  or  CTi'n  at  the  heat  of  the  water-bath,  &ud  rvctmfwttr 
ible  into  ordinary  phoipnonia  by  dry  distillation.  These  ob«enrationa  were  ooi  ' 
by  Bersetius  (Rapport  Annuk,  1666,  p.  iB$\  and  by  Mareh&nd  (J.  pe. 
xsuLiii,  182).  Nerertheleaa  the  red  mo<]iiicatioo  of  pboapbonia  did  not  mttmet  modi 
attention  till  1858,  when  SchrStter  ahowed  that  it  might  be  prepared  by  simply  es- 
posing  ordinary  phospborua  to  Lights  or  more  readily  by  heating  it  to  iie«r  iu  botUug 
point  la  an  atmosphere  &ee  from  oxygen,  and  pubhahed  a  detailed  acoount  of  it^  pto* 
perfciea  (Fogg.  Ann.  IxexL  276).  Brodie  alUrwuda showed  (in  1862>  tliat  amoi^boaa 
phoinhomii  may  be  prodaoed  bv  beating  phoepborus  with  a  small  qoantitj  of  iodUM  m 
ft  ffMued  tube  or  in  an  atmoephere  of  csrbome  ftnhydrida,  or  hj  m^ltaii^  phcMpbona 
under  itrong  hydrochloric  acid,  and  then  adding  a  flAall  qoantitj  of  iodififi.  (Ckem.  Soe. 
au,  J.  T.  289.) 

Ftff.  736. 


Amorphoui  phosphorna  may  be  prepared  on  the  laboratorr  acale  by  plttdfl^  a 
quantity  of  dried  ivmmon  pbottphorus  in  the  bulb  of  a  flaak  A  (fc,  736)  to  the  neek  «f 
which  is  attached  a  long  narrow  tube  b  bent  downwaida  and  dipping  into  mcfVitfY;  the 
air  in,  the  flask  is  displaced  by  means  of  a  current  of  carbonic  anhydride^  wiuch  is 
liUPplied  from  the  bottle  £,  and  dried  by  passing  through  the  tube  F.  filled  with 
chloride  of  cateium;  the  tubeistben  sealed  at  the  narrow  portion  a,  and  the  mppmg%tmt 
whieh  supplit>d  the  carbonic  anhydride  is  remoTed,  Heat  is  next  applied  to  thetlaak 
by  means  of  an  oil-bath  *.  The  phosphorus  melta  readily,  but  by  reguUttng  tbe  heat 
steadily  between  2m^  and  235°  by  means  of  the  thormomet4?r  f,  and  maintaining  it  at 
that  temperature  for  thirty  or  forty  hours,  almost  all  the  phoaphorus  wiH  be  biviigfat 
into  the  solid  amorphotis  state. 

The  apDaratua  just  deecribed  is  similitr  in  principle  to  that  inventod  and 
by  Mr:  Albright  ofOldbnry  near  Birmingham  for  the  preparation  <d  an 
phoephoruB  on  the  Urge  scale.  In  thia  apparatus  the  phusphoruH  ia  heated  in  j 
conical  glaas  reosel  placed  within  an  iron  Tces^  of  the  same  shape,  which  is  he^Ued  by 
*  k^?  ^  **^  ^^  ^**^'  '^^^  tticldng  vessel  is  provided  with  a  tight-fltting  oorer.  from 
which  ther*  process  a  aiifety  tube  dipping  into  mercury,  as  in  the  apparatus  abote 
described.  It  |i^  not  found  necesaary  to  expel  the  air  fifom  the  apparatus  by  means  of 
<iarl>otiie  anbydride,  as  the  sraall  portion  of  oxygen  contained  in  it  is  soon  fonsum«<lby 
-  eouibu&tion  of  a  portion  of  the  phot.phorus.    (For  n  figure  and  full  dcecriptton  of 
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tkh  ftppmlxii,  8«e  Eichardion  nod  Watts '9  Chttmcal  Tecknol*)ff^,  rol  L  pt  4 

Amofphoos  pbosphortiB  prep*)^!^  <^  &boro  alwiijrs  eontjiiiia  «  eerlAm  quautttx  of 
onaltemi  pbofphonu,  wbu^  ia  ?enioT«d  bj  wnshiag  it  two  or  tbitni  tune*  witk  tulphida 
of  earboD,  in  wbieh  eommaa  vh/onibanB  ta  loluble,  sod  red  pbovpbonia  ioMiluble.  It 
hMB  been  reecraxuneEHled  bj  flidueit  is  order  to  avoid  the  use  of  much  aulphide  of 
earboD — #  dAngetooa  aa  weU  aa  diaagrecibk  Hutj^tanoe — to  pnrif j  red  phoaphonia  hf 
pQvpeDding  the  finely  dirided  miztiire  of  jellow  &iid  r«d  phoftphoroa  in  a  aolntion  of 
cLloride  of  calcium  of  sptHiific  gniTitj  about  2-0.  In  such  a  solntion  common  pboa- 
pboruB  doftta,  wbUe  red  pIioeDhorus  aioka. 

Bod  pbovphoms  is  much  Icaa  foaible  than  ooninioii  nhospbontB ;  it  may  be  basted 
to  250^  without  &lteratioD,  but  at  200^  it  ia  rooooTeitea  into  ordinaiy  pboaphama.  It 
ahto  divert  from  ordinary  phosphonia  by  being  insoluble  id  many  bquidJa  in  whieh 
the  latter  in  soluble,  such  as  sulphide  of  c&rbon,  alcohol*  ethar,  turpentine,  and  tri* 
chloride  of  phosphonia.  The  Hro  roodiftcattooa  difler  alao  not  leaa  in  diemieal  tbim 
ID  ph^aioal  propertiea.  Common  phoaohona,  aa  already  obeerred,  oxidisaa  slowly  in 
thtf  air  at  common  temperahiraar  *>^  oarna  rapid^  when  heated  to  about  60^ ;  red 
phosphorus,  on  the  contiury,  la  not  at  all  oaicIis«<I  m  the  air  at  common  tempera- 
tures, emits  no  o4Jour«  and  does  not  become  luminous  until  heat^pd  to  nearly  260°,  the 
point  at  which  it  is  tranaformed  into  the  ordinary  modiAcatiun.  Hence  it  ia  not 
iiablo  t4>  take  fire  by  modatala  friction,  and  may  be  handled  without  danger,  and 
prostTTwi  in  bottles,  or  eren  wrapped  up  in  paper  without  liability  to  alteration.  Ila 
properties  differ  however  in  aome  respecta  acoordut^  to  Llie  mode  of  preparation.  If 
prepared  hy  heat  it  haa  a  specific  gmvity  of  2*H  :  out  that  which  is  obtained  by  the 
action  of  iodine  on  cx>mmon  phoaphoroa  has  a  a]>ecific  grarity  of  2'23.  The  latter 
alao  Tolatilisea  like  arsA^uie,  without  prerioua  fuaion,  and  conden^ea  to  a  hard  bhick 
mass.  It  is  more  readily  actcHl  ou  by  caustic  potash  than  the  former,  and  prectpitatea 
ct^rtain  metallic  solutions,  sulphate  of  copper  for  example.     (Brodie.) 

Btactiofu  oj  Pkosphorm. — The  action  of  o^j/if€n  on  ordinaiy  and  red  phoaphoroa  haa 
be^n  already  deacribed.  With  svipkur,  ordmair  pboapborua  unites  rapidly  when  the 
two  bodiea  are  melted  tosetber,  the  combination  being  attended  with  Tivid  combustion 
and  loud  exploaion.  ntd  phoaphonuif  on  the  other  hj&nd,  does  not  unite  with  aulphur 
till  heated  considerably  above  the  melting  point  of  the  latter,  and  even  then  the  com- 
iiuatlon,  though  rapid,  is  not  explosive.  Srhnium  unites  with  phoaphorus  when  the 
two  are  heated  together  nearly  to  the  meltLog  point  of  Che  latter. 

Hydrogm  passed  over  phosphorus  cx»utatoed  in  a  glass  tube  takea  np  a  email 
<|uantity  of  it,  sufficient  to  colour  the  flame  green,  but  no  definite  compound  appears  to 
b«  formed.  But  when  phosphorus,  a  metallic  phosphide,  hypopho^thoroua  or  phoe* 
phorotis  acid  is  iurroduced  into  an  appsmitus  for  gene  rati  ug  hydrogen,  the  evolved  gaa 
appears  to  contain  a  certain  quantity  of  phosphoreftiKl  bydroffen  (Duaart,  Compt* 
rend,  xtlii.  1126)^ — Arnmoma  acta  gnidualiy  on  ordinary  ^oajSiorus^  producing  phoe« 
pboretttd  hydrcgen  and  a  compound  of  ammonia  with  an  oxide  of  phosphorus,  which, 
when  alcoholic  ammonia  ia  used,  ia  depoeited  on  the  sidea  of  the  tube  as  a  deep  black 
nutallic  ilm  not  decomposed  by  boiling  pfjtush  or  sulphuric  acid.  Bed  phoaphorua 
has  no  action  on  ammonia,     (Fluekiger,  Anal.  Z^t'itsehr.  ii.  398.) 

Ordinary  phosphorus  unites  directly  at  ordinary  temperalurea^  with  c^orine^  hramifM 
and  hdtnt^  the  combination  taking  place  rapidly  and  being  attended  with  infiammation. 
Red  phosphorus  alao  unitee  with  th^'ae  elements  at  ordinary  ti'mperaturea^  thecomblna-^ 
tiuii  Wing  attended  with  evolution  of  heat,  but  seldom  sufficient  to  produce  ignition. 

CkktriSe  4^auMiir,  8*Ci*,  diasolrea  otdinar}- phcjephoms  abundantly,  and  on  hentiutg 
the  aolution,  a  videDt  reaction  takea  place,  atteoth-d  wit  h  ebullition  and  projection  of  the 
maaa.  The  aame  violent  action  is  produced  on  dipping  a  stick  of  phosphorus  into  a 
column  of  eblorido  of  sulphur  of  al>ont  the  same  depth  and  Tolome*  On  gradually  add- 
ing small  pif'Cfa  of  phosphorus  to  chloride  of  sulphur  gently  warmed  in  a  retort  filled 
with  carbonic  anhydride,  a  rapid  action  also  takes  place,  the  liquid  becoming  hot  and 
di»tilHng  otjt:  gratlually,  however,  sulphur  sepvrdtes  and  the  action  biH^omes  more 
moderate  ;  and  on  mixing  the  distilh&teiuat  mentioned  with  tbiit  which  afterwards  paeaos 
over  on  beating  the  residuf*,  and  redistilling  the  whole  over  half  its  bulk  of  phosphorus,  a 
colourleea  liquid  ia  obtained,  which  aepanit ea  by  fractioti.4ldi nI illation  into  pentachloride 
and  aulphochloride  of  phosphorus,  PSCl*  When  chloride  of  sulphur  is  gradually 
poured  into  melted  phosphoreif,  the  only  product*  are  pentachloride  of  phosphorua  and 
a  yellow  sublimate  which  appears  to  be  a  sulphide  of  phoaphorus:  the  residual  phoa- 
phorus is  converted  iiito  the  rod  modification.  ( W  o  h  1  e  r  and  H  i  1 1  e r,  Ann.  CL  Pnarm. 
xciii.  274.) 

^\ mt  mttah  unite  directly  with  pha'tphorua  when  Che  Intter  is  thrown  upon  them 
whilp  they  are  tn  a  slate  of  ignition  or  when  they  are  htafed  in  ica  vspjur. 

Finely  dirided  phoephoruj*,  under  the  influence  of  aunh'ght>    alowly  deeompoaea 
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water,  forming  phosphoretted  hydrogen  and  a  red  substance  commonly  regarded  as  an 
oxide  of  phosphorus. 

Many  acida  are  decomposed  when  heated  with  phosphorus,  yielding  phoephorous 
acid,  together  with  other  product*. — Pure  concentrated  hydriodic  acid  heat«d  with 
amorphous  phosphorus  to  160°  for  two  hours,  yields  phosphorous  acid  and  sublimed 
crystals  of  hydriodate  of  phosphoretted  hydrogen.— /fyrfroftrowu?  acid  acts  in  a  similar 
manner,  but  somewhat  more  slowly. — Pure  concentrated  hydrochloric  acid  heated  with 
amorphous  phosphorus  to  200°  for  sixteen  hours  appears  to  be  decomposed  according 
to  the  equations:  3HC1  +  P«  =.  PH«  +  POP;  and  POP  +  3HK)  «  PHW  +  3HC1. 
Strong  sulphuric  acid  is  reduced  to  sulphurous  anhydride,  which  floats  on  the  sur&ce  of 
the  phosphorous  add  formed  at  the  same  time: 

8SHK)*  +  P«     -     PHW  +   3S0«. 
Sulphurous  acid  yields  phosphorous  and  sulphydric  acids : 

SH«0«  +  3HH)  +  P«  =  2PH«0«  +  H«a 
Qyrapy  phosphoric  acid  heated  to  200°  with  phosphorus  for  forty  hours,  is  reduced 
to  hypophosphorous  acid,  which  latter  is  partly  resolved  into  phosphorous  acid  and 
phospnoretted  h^'dro^en. — Aqueous  chromic  acid  heated  with  phosphorus  is  reduced  to 
chromoso-chromic  oxide ;  arsenious  acid  yields  phosphide  of  arsenic.  (Oppenheim, 
Bull.  Soc  Chim.  [2]  i.  163.) 

Phosphorus  boued  with  aqueous  alkalis  and  alkaline  earths  forms  phosphoKtted 
hjdrogen  and  a  solution  of  a  hypophosphite,  e,  g.  with  lime-water : 

8Ca'H«0*  +  P»  +   6H«0     -     3Ca"H*P«0«  +   2PH«.   ^ 

Phosphorus  likewise  decomposes  many  other  oxides  and  salts,  both  in  the  dry  and  in  the 
wet  way.  When  rubbed  with  chlorate  ofpotassium,  it  detonates  and  takes  fire,  a  slight 
fWction  being  sufficient  to  induce  the  reaction.  Nitrate  of  potassium  and  the  peroxides 
of  lead  and  manganese  act  upon  it  in  a  similar  manner,  but  less  violently.  When  a 
mixture  of  carbonate  of  sodium  and  amorphous  phosphorus  is  heated  in  a  combustion 
tube  to  low  redness,  or  better  to  240°  only,  a  brown  mass  is  obtained,  which  takes  fire 
on  exposure  to  the  air,  and  when  thrown  into  water  ffives  off  a  Urge  quantity  of 
spontaneously  infiaromable  phosphoretted  hydrogen,  and  formsa  darii  brown  solution, 
from  which  hydrochloric  acid  throws  down  brown  flocks,  forming  when  dry  a  black- 
brown  amorphous  mass  containing  about  40  per  cent  of  humus-like  bodies.  When 
carbonate  of  sodium  is  heated  to  bright  redness  with  excess  of  phosphorus,  the  whole  of 
the  carbon  is  set  free :  with  excess  of  sodic  carbonate,  on  the  other  hand,  a  mixture  of 
charcoal,  sodic  phosphate  and  sodic  carbonate  is  obtained,  carbonic  oxide  being  given 
off  and  phosphorus  distilling  over.  The  carbon  obtained  in  these  reactions  has  a 
deep  velvet-black  colour,  a  specific  mvity  of  1*46  at  14°,  and  possesses  strong  ab- 
sorbent and  decolorising  properties.  J'hosphorus  acts  in  like  manner  on  other  carbon- 
ates, also  on  borates  and  silicates.    (Dragendorff,  Jahresb.  1861,  p.  110.) 

Phosphorus  placed  in  contact  with  many  metals  in  solutions  of  the  same  metals, 
produces  an  electric  current,  andprecipitates  the  metals.  In  contact  with  clean  copper 
wire  in  a  solution  of  cupric  sulphate,  it  precipitates  the  copper  on  the  wiro  in  octaheunl 
crystals  (Wohler,  Ann.  Ch.  f  harm.  Ixxix.  126).  In  like  manner  it  reduces  siltfer  %nd 
lead  from  the  solutions  of  their  nitrates  (Wicke,  ibid.  Ixxii.  146).  Phosphorus  im- 
mersed in  a  solution  of  potassic  pernuinganate  forms  peroxide  of  manganese  and  phos- 
phate of  potassium.  Neutral  and  acid  chromate  of  potassium  are  incompletely 
decomposed  by  phosphorus  at  common  temperatures  with  formation  of  potassic  and 
chromic  phosphates.  Cupric  chromate  boiled  with  phosphorus  yields  metallic  copper, 
phosphide  of  copper,  and  chromic  phosphate.  A  solution  of  potassic  chlorate  boiled  with 
phosphorus  is  converted  into  phosphite,  phosphate,  and  chlorideof  potassium.  Nitrate  of 
oarium  is  not  decomposed  by  boiling  with  phosphorus ;  nitrate  of  lead  yields  a  deposit 
of  phosphate  of  lead;  nitrate  of  copper  in  concentrated  solution  yields  cupric  oxide  and 
phosphide  of  copper;  in  dilute  solution,  metallic  copper,  phosphide  of  copper,  and  phos- 
phonc  acid.     (Slater,  Chem.  Qaz.  1853,  p.  329.) 

Chemical  "Relations  of  Phosphorus. — Phosphorus  belongs  to  the  pentad  group  of  ele- 
ments (iii.  967),  including  also  nitrogen,  arsenic,  antimony  and  bismuth.  Its  pentatomic 

!C1' 
Qir,  phosphoric 

triethodichloride  (or  chloride  of  triethyl-phosphine)  P*  5  pit  »  &c.,  also  in  phos- 
phoric anhydride  prf^*!  w^d  in  phosphoric  acid  regarded  as  m|o*.  But  it  like- 
wise, and  perhaps  more  frequently,  plays  the  part  of  a  triatomic  element,  as  in  phos- 
phorrttcd  hydrogen  or  phosphine  F^H',  and  its  alcoholic  derivatives  triethyl-phosphine 
F*'(C*H*)^,  &c.,  also  in  trichloride  of  phosphorus   P^Cl",   phosphorous  anhydride 
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pM*^0*,  kc.^  pbosphorovfi  »cid  t^^  I  O^  &<^,   In  tome  f«w  compoutids  alttoit  u  diatomic, 

EM  io  tb(^  di 'iodide  PP,  &iid  periuips  in  liquid  phosphide  of  hydrogei]  FH*  (ui  204) ;  in 
nanny  of  iu  loetttlLic  compounds  it  exhibiut  atill  lowt^r  degrees  of  atotnletty. 

In  itf  truitomic  and  pentatomic  ehuracUr,  phoflphorua  rest^mtles  the  other  memben 
ofthegjoup  aboTO  mentioned.  It  is  moot  dosenr  relatod  to  lirBenic  and  imtimony, 
emch  oftbMe  elejnenta  forming  A  gasoooi  txihjdriaev  and  thi-ir  chloridM>,  bromiden  aiad 
ozid«a  being  exactlr  analugoiii  to  ono  another  in  oompo«itioo.  To  amenic  it  la  further 
related  by  the  atridiy  analogoiu  composition  and  the  iaomoipbiam  of  the  correBpondlng 
phoapbstea  and  uraeaatM^  and  by  ita  anomaloua  Tapour-volume,  the  apocific  ^niTiti«^ 
^f  each  of  these  elements  in  the  gaaeotia  iitAte  being  double  ita  atomic  weight  (p.  603  ; 
alao  liL  068).  Bismuth  is  also  t«lated  to  pboiphofiu,  anenic^  and  antimony  by  the 
eompuaiUon  of  its  chloridea  and  oddea,  altlioiigh  its  p«ntatomic  compounds  are  not  of 
Terr  stable  character.  To  nitrogen,  phosphorus  is  related  by  ita  combinatioo  witb. 
hydrogen,  and  by  its  formation  of  anhydrides  with  3  and  5  atoms  of  oxygen. 

The  elements  of  this  group  exhibit  in  many  respects  a  reguLir  gradation  of  proper^ 
ties  in  the  order  of  their  atomic  weights.  Nitrogen  (14)  is  gaseous^  whilp  all  the  rest 
an  solid  at  ordinary  temperatures;  and  of  these  Iatt«r,  phosphoms  (31)  aa  the  mottt 
felible  and  tolatile ;  next  follows  arttenic  (75 ),  then  antimony  (L22),  and  lastly  bis- 
Mnth  (210).  The  acid  properties  of  the  oxidisi>d  compounds  are  most  marked  in  ni' 
tfQgtn,  then  in  phoiphoru* ;  they  are  weaker  in  arsenic,  fctiJl  weaker  in  anttmuny,  and 
■eaively  apparent  in  bismuth.      The  compounds  with  hydrogen  follow  in  the 


order ;  ammonia  is  a  powerful  base,  and  requires  a  hi^h  tecipt'niture  for  ita  decom^ 
txjisitioQ ;  phosphine,  FH^  is  a  very  feeble  bise;  in  arsine,  AbH\  the  basic  character 
IS  not  pereeptible,  tiiongb  manifested  in  triethyl -amine  and  other  of  its  dierivatiirea  ; 
the  same  is  true  of  the  ooneepondiiig  antimony-oompoondsi.  Each  of  the  three  hydndee 
last  mentioned  is  decompoi^  by  simpls  expocure  to  heit»  phosphine  requiring  the 
highest  temperuturL\  srHinc  d«§composingat  a  lower,  and  attbine  at  a  »Till  lower  degree  of 
heat»  while  the  affinity  of  bismuth  for  hydrogen  is  so  feeble  that  it  does  not  appear  to  form 
a  hydride. 

Uses  of  Prorfhoros. — The  chief  use  of  pboephoms  is  for  the  prepamtion  of  the 
paste  with  which  Incifer  matches  are  tipped ;  for  this  pnrpoae  both  the  ordinaty  and 
the  amor^ons  Tariety  of  pboephoms  are  employed.  Ordinary  phosphorus,  being  in- 
teoBcly  poisonooa.  is  also  used  tn  the  formation  of  com  positions  for  poisoning  rats,  eock* 
r<>ueli(  H  and  other  rermin ;  and  both  kinds  are  n«fed  in  a  variety  of  ways  in  chemical 
aud  pharmaceutical  preparations. 

A  pht>?«phorBted  paste  for  poisoning  vermin  may  be  preparp*!  by  dissolving  250  pts, 
by  weight  of  gum  arabic  in  600  pts.  of  water  at  140'^  F.,  addinp  15  pts.  of  phosphorus^ 
stirriug  as  it  melts,  then  removing  the  reasel  from  the  tire  and  continuing  the 
stirring  as  the  mixture  cools  in  order  to  thoroughly  incorporate  the  phosphorus.  The 
mixture  is  then  placed  over  the  water-bath,  the  stirring  being  still  continued  ;  a  paste 
previously  made  up  with  100  pt*i.  of  flour,  or  better  of  pot«to-fetarch,  and  ItMl  pts,  of 
waler  is  »ddod  to  it,  and  the  whule  is  beaten  up  for  half  an  hour  at  122^  F.,  after  which 
it  is  left  to  cool,  the  agitation  being  still  continued  till  the  temperature  has  fallen  to  8d^, 
The  process  yields  fifora  600  to  5  iO  pts.  of  phoi^phomted  paste.  To  effect  a  still  finer 
division  of  the  phospborufi,  the  pusto  may  be  ground  under  the  muller. 

Luci/tr*matches. — Oniiti^uy  lucifer-matches  are  simpW  wooden  sulphur^matebes 
tipped  with  a  paste  containing  phut^phoms,  and  capable  of  igniting  by  friction.  The 
raiaerials  added  to  the  phr>»phoruH  to  promote  its  ignition  art'  chlurate  or  nitrate  of 
potassium,  or  certain  metallic  oxides  which  easily  give  up  their  oxygen,  such  as  the 
peroxides  of  lead  and  manganese.  Chlomte  of  jiotassium  causes  the  pa^te  to  ignite 
with  detonation  when  rubbed,  and  often  occ^^^iona  the  projection  of  a  portion  of  the 
btming  matter  to  a  considerable  diMtnnce.  ThtH  projection,  whirh  is  rather  dangerous, 
may  be  presented  by  using  nitmte  inalead  of  cMoniLe  of  ^K)tassium;  the  matches  then 
bnrn  quietly. 

Th(*  phopphortts,  and  the  salt  or  oxide  which  i*  to  supply  it  with  oxygen  for  combus* 
tiim,  are  niude  up  into  a  paste  with  a  strong  solution  of  glue  or  gum,  a  ^mall  quantify 
of  vi' r  milt  ion  or  Pni&siiun  blue  being  added  as  culuuring  matter,  and  sometimes  a  little 
fine  sand  to  iucreiiJ^e  tlio  friction. 

The  pfu|>orti*in  of  iihoBphorus  varies  considerably*  being  sometimes  as  high  as  30  or 
even  40  per  iviit,  nm  wjnietimes  jw*  low  as  10  or  even  5  per  cent.  The  following  are 
two  compoattiont^  r^cnmmended  by  Bottger  in  1844,  and  still  in  use  for  the  preparation 
of  noiit0lf,8s  lucifem  : 


Phosphorus  (ordinary) 
Rfdlijelre  . 
KM  l(vul  * 
iStrong  glue 


4 
III 

0 


Pliosphortj*  (ordinary) 
Saltpetre    . 

Peroxide  of  miiiiganese 
Gum .... 


.  ft 
.  14 
-  14 
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Phoephorns  (ordinary) 

.  80 

Oniii  tragacanth 

.  0-6 

Water       .... 

.  30 

Fine  sand. 

.  2-0 

Dioxide  of  Lead* 

.  20 

The  reduction  of  the  proportion  of  phosphorus  in  the  inflammable  mass  to  a  mini- 
mum is  a  great  desideratum,  as  the  process  is  thereby  rendered  less  costly,  and  the 
matches  when  ignited  emit  less  of  the  disagreeable  odovar  of  phosphorus.  A  good 
method  of  effecting  this  reduction  ii  that  recommended  by  R.  Wagner  (Wagner^s 
Jahresbericht,  1855,  p.  503),  which  consists  in  preparing  the  inflammable  mass  with 
phosphorus  dissolved  in  sulphide  of  carbon.  This  process  not  only  effects  the  perfect 
molecular  subdivision  of  the  phosphorus,  but  it  enables  the  mass  to  be  prepared  without 
the  use  of  heat^  a  further  yery  great  advantage.  According  to  £.  Mack  (VerhandL 
des  Vereins  f.  Naturkunde  in  Presbuiv,  1858,  i.  17),  this  simple  expedient  renders  it 
possible  to  reduce  the  proportion  of  phosphorus  to  ^Jg  of  that  at  present  in  common 
use. 

Some  matches,  instead  of  being  coated  at  the  ends  with  sulphur,  are  impregnated 
throughout  with  stearic  add,  wax,  or  paraffin.  The  paste  for  aipping  these  matches 
requires  less  gum  and  a  more  active  oxidising  agent  than  that  for  the  sulphur-matches. 
The  following  are  two  of  the  compositiona  in  use : 

Phosphorus  (ordinary)      .  .3*0 

8tJ^>ngglu6 3*6 

Water 8*0 

Fmesand 20 

Vermillion  or  Proasian  blue     .  0*1  to  0*6 
Chlorate  of  Potassium      .        .        .3*0 

The  dioxide  of  lead  in  the  second  of  these  compositions  may  be  replaced  by  2  pts.  of 
red  lead  and  0*6  pts.  strona  nitric  acid. 

Hatches  thus  prepared  bum  more  readily  than  sulphur-matches,  because  the  fiitty 
matter  and  the  wooa  take  fire  together,  whereas  in  sulphur-matches  the  wood  does  not 
Ignite  till  the  8ul{>hur  is  nearly  consumed.  The  matches  imraegnated  with  fatty 
matter  also  bum  with  a  brighter  flame,  and  are  Aree  from  the  surocating  odour  whi^ 
the  sulphur-matches  evolve  in  burning.  Formeriy  these  matches  were  impregnated 
with  wax  or  stearic  acid  or  resin,  and  as  these  materials  are  more  expensive  than  sul- 
phur, their  use  was  confined  to  the  higher  priced  nrntches ;  recently,  however,  the  use  of 
paraffin  and  paraffin-oils  for  the  purpose,  patented  by  Mr.  Letchford  of  Whitechapel, 
nasffreatly  reduced  the  price  of  matches  thus  prepared. 

Thper  or  Vesta-matckes^  which  consist  of  tapers  of  wax,  rosin  and  tsUow,  or  paraffin, 
require  to  be  tipped  with  a  ve^  inflammable  paste,  because,  haying  but  little  rigidity,  they 
cannot  bear  much  fnction  without  bending.  The  paste  used  for  tipping  them  is  made 
of  12  pts.  ordinary  phosphoras,  14  gum,  3  sulphide  of  antimony,  36moxide  of  lead 
(or  56  pts.  of  a  mixturo  of  red  lead  35  pts.  and  nitric  acid  21  pts.)  and  0*1  yermillion. 

Ftuees  for  lighting  cigars  are  made  from  strips  of  pulp  or  thin  oard-boazd 
previously  prepared  by  steeping  in  a  eolation  of  saltpetre. 

Matches  with  Amorphous  Phosphorus, — The  use  of  ordinary  phosphorus  in  the 
manufiicture  of  lucifer-matches  is  attended  with  certain  inconveniences,  arising  partly 
from  the  great  facility  with  which  it  is  set  on  fire  by  friction  or  by  a  very  mooerate 
heat,  partly  from  the  slow  combustion  n^hich  it  undersoes  at  ordinary  temperaturM, 
whereby  acid  vapours  aro  produced  of  very  deleterious  diaracter.  From  this  causey  the 
workpeople  engaged  in  the  manufacture,  especially  the  dippers,  occasionally  soflbr  from 
a  peculiar  disease  of  the  jaw,  which  commences  with  pain  and  swelling,  and  ultimately 
produces  necrosis  of  the  bone.  Ordinary  phosphorus  is,  moreover,  very  poisonous  in  the 
solid  state,  and  instances  have  occurred  of  children  being  poisoned  by  sucking  matches 
tipped  with  it 

Amorphous  phosphoms,  on  the  other  hand,  is  fr^e  from  all  these  obfectiona.  It  is 
not  poisonous  in  the  solid  state,  and  not  being  volatile  or  subject  to  slow  combustion  at 
ordinary  temperatures,  or  even  at  the  heat  required  to  keep  the  paste  in  the  liquid 
state,  it  does  not  impregnate  the  air  of  a  fiictoiy  with  poisonous  vapoors.  Moreover,  it 
is  not  Uable  to  be  set  on  firo  by  accidental  friction. 

But^  notwithstanding  these  advantages,  the  use  of  matches  tipped  with  amorphous 
phosphorus  has  not  become  general.  Lucifers  of  this  kind  were  sent  to  the  Exhibition 
of  1851  by  Messrs.  Dixon  and  Co.  of  Manchester,  but  they  never  found  fiivour  with 
the  public,  and  have  of  late  years  disappeared  from  the  market  The  chief  objections 
to  them  seem  to  be  that  they  aro  not  sufficiently  inflammable,  and  that  they  burn  with 
a  sputtering  flame. 

Bdttgerinl848  suggested  the  preparation  of  friction  matches  capable  of  taking  flro 
only  when  rubbed  on  a  surface  prepared  in  a  particular  way.  Such  matches,  containing 
no  phosphorus  in  themselves,  but  supplied  in  boxes  provided  with  rubbers  containing 
amorphous  phosphorus,  wero  first  sent  into  the  market  byPreshel  of  Vienna  in  1854, 
and  their  preparation  has  since  that  time  been  greatly  improved  by  Lundatrom  of 
Sweden,  and  by  Messrs.  Coigoet  and  Co.  of  Lyons.    In  this  country,  patents  for  the 
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niaonfaf^nreof  luctfersLyLuiuLftrom'f  prooMahftTebeoitAkeD  out  bj  Mcsars.  Brjunt 
and  May.* 

Tbe  ignitiDg  composition  applied  to  the  tipa  of  tliMe  niAtchM,  and  the  paste  for  the 
lubber  ara  eompcwcd  an  follows ; 


Pa$tf/ar  Mutckt*. 

Chlomte  of  potawtum  • 
Sulphide  of  anHmoiiy  , 
Glue  (weighed  drf ) 


Pmtltfor  Ruhbir. 
.  6  pU*     Amorphous  phoephorus        ,        .10  ptl. 
2  to  3    ,]        Oxide  of  manganese  or  snlpliide 

.  1  pt,  of  antimonj       ,         ,         *         .     8   „ 

Glue  (weighed  dry)       ♦         *     3  to  6  „ 

Matohfls  thus  prepared  posa^a  tbe  great  adrantiige  of  being  free  from  all  djuiger  of 
igtiitjon  by  accidental  frtction  :  hence  thej  are  c^ed  &i/tty'matckrs  {AttunutUs  de 
$4reii) ;  they  are  much  Uiied  in  France  and  other  p&iis  of  the  Continent,  and  th^ir  use 
appean  alao  to  bo  extending  in  this  country  :  but  the  great  majority  of  cxtnaumers  still 
exhibit  a  preference  for  a  match  which  will  ignite  by  friction  on  any  rongb  surface. 

There  i«  another  modification  of  the  same  priodple,  introduced  by  lOL  D  e  v  i  11  i  e  r t 
and  Dalemagne,in  which  the  amorphous  pbosphorua  is  placed  at  one  end  of  the  match, 
and  the  chlorate  of  potassium  at  the  other,  so  that  ignitiun  takes  place  on  breuking 
the  match  in  halYca  and  rubbing  the  two  ends  together.  Bui  these  matches^  Galled 
AUitmrtU*  androffiffut,  do  not  appear  to  imve  come  into  actu»d  uie, 

Lwt/rr*  without  Pkotphorus,— To  aToid  all  danger  of  poifioning  in  the  preparation  a* 
well  as  in  the  use  of  lucifer^matchea,  it  has  of  late  years  been  proposed  to  tip  tb«m 
with  a  composition  containing  no  phoapbonu  whaterer,  either  ordinary  or  amoTphoiisii 
Varioufl  compositions  hare  been  proposed  for  this  purpose ;  it  may  be  sufficient  to  men- 
tJoa  tor  iUufltration  one  of  those  patented  by  G.  Uanouil  (IBfif,  No,  2817),  which  is 
composed  oS  chlorate  of  potassiam  76  pta,  dioxide  of  lead  36  pts^  iron  pyrites  3d  pfs.» 
md  gnm,  dextrin,  or  glue  10  pti.  Sulphide  of  antimony  and  &ee  sulphur,  either 
•ingly  or  together,  are  also  used  as  the  inminimable  material  in  these  pastes.  The  most 
systematic  researches  on  this  branch  of  mAnufaetnre  have  been  made  by  W  i  e  de  r  h  o  1  d 
(Dingl  pel  J.  cUi,  221,  268  ;  dxiiL  203,  269X  ^™  which  it  appears  that  matches  of 
good  quality  ma^  be  made  with  chlorate  of  potaeBium  and  hyposulphite  of  kad. 

The  total  elimination  ofphospboruf  from  the  luciftT  manufacture  would  indeed^  as 
obserred  by  Hofmann  (Nmrt,  1862,  p.  99),  be  a  grand  achicTement,  not  merely  on 
sanitary  grounda,  or  as  dimmish  lug  fire-riiika,  but  also  because  it  would  immediately 
liberate  for  agricultmal  purposes  a  large  quantity  of  bones  now  consumed  in  the  pre- 
paration of  free  phosphoma. 

For  further  details  on  the  chemistry  of  the  Iticifer-match  mannfacture,  and  for 
figures  and  descriptions  of  machinery  used  for  cutting  and  dipping  the  matches^ 
see  Richardson  and  Watts* s  Chemical  Technologi/^  toL  i.  pt.  4,  pp.  131-180, 

F8€ISFBOaV8t  SSOIUXIIES  OF<  Phosphorus  unites  dirt'ctly  with  bromine 
at  ordinary  tempf  ratures,  witli  cvohitifjn  of  heul,  and  in  the  case  of  ordinary  phosphorus, 
of  light :  small  piect^s  of  ordinary  phosphorus  thrown  into  bromine  may  produce  a 
daagefoas  explosion.  There  arc  two  bromides  of  phosphorus,  the  tri bromide  and 
penta bromide,  the  former  liquid  at  ordinary  temperaturea, the  latter  solid;  the  ono 
or  the  other  being  produced  according  to  the  proportions  in  whidi  the  two  elements  a» 
brought  together. 

Trfbromids  of  Plioaplionaa  or  Plioaplaoroiia  Bromide.  PBi*. — Produced; 
1.  By  bringing  bromine  in  contact  with  excess  of  phosphorus.  Phosphorus  is  added 
in  pieces^  not  weighing  more  than  a  quartt^rof  a  grain,  to  perfectly  anhydrous  bromine, 
till  the  liquid  becomes  colourless^  after  wliicli  the  compound  is  separated  by  difttiilation 
from  the  axcesa  of  pbosphoma  (Lowig,  Pogg.  Ann.  xtr.  485}.  In  order  to  avoid 
the  chance  of  explosion,  it  is  best  to  jxiur  the  bromine  into  a  wide-moutbed  bottle,  and 
introduce  perfectly  dry  phosphorus  m  a  glass  tube,  sealed  at  bottom,  and  placed  up- 
right in  the  b'quid,  so  that  on  closing  the  bottle  the  bmmine> vapour  may  slowly  come 
in  contact  with  the  phosphorus  (K.  Rose,  Pogg.  Ann.  xxTiii.  660)*  An  CTwy  mode 
of  preparation  is  to  diKsoWe  bromine  and  phosphoruB  in  separate  portions  of  sulphide 
of  carbon,  then  pour  the  bromine-solution  slowly  into  the  phosphorus-solution,  and 
distil  (Kekul^  Ann.  Ch.  Pharm.  cxxx.  16). — 2.  Vapour  of  pnosphoras  is  passed  over 
mercurous  or  mercuric  bromide,  which  is  heated  in  a  glass  tube  by  means  of  a  spirit- 
lamp,  and  the  product  is  coUe<'t«<)  in  a  cooled  receiver;  the  product  is  purified  from 
excess  of  phosphorus  by  distillation.     (L o  w i g.) 

Tribromide  of  phospboms  is  a  colourless,  transparent,  mobile  liquid*  which  docs  not 
freese  even  at  —12°  is  ver)'  volatile,  and  emits  deniie  white  fumes  in  the  air  ;  has  the 
pungent  odour  of  hydrobromic  acid;  it  probably  reildeus  litmus  paper  only  when 
moiiitttre  is  present.     (Lowig;  Balard.) 

It  is  decompo*ed— 1,  By  u.-attr,  with  great  difiengagement  of  heat,  into  phosphorous 
and  hydrobromic  acids,  which  luttcr,  when  a  small  quantity  only  of  water  is  employed, 
■  Mtf  (FO.  Pitenc  Ko.  1S54,  kng*  lA,  IS&». 
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is  evolved  in  the  gaseous  form  (Balard).    At  8°  the  decomposition  takes  place  but 
slowly,  even  when  the  mixture  is  repeatedly  shaken ;  at  26°  it  proceeds  very  rapidly 
(Low  ig).    By  chlorine,  into  chloride  of  phosphorus  and  free  bromine.    (Balard.) 
Tribromide  of  phosphorus  is  capable  of  dissolving  an  additional  quantity  of  pho0» 

Ehorus,  whereby  it  acquires  the  property  of  setting  fire  to  combustible  bodies  brought 
1  contact  with  it  in  the  open  air  (Balard),  of  forming  a  pellicle  of  phosphorus  when 
exposed  to  air,  and  depositing  phosphorus  when  decomposed  with  water.     (Lowig.) 

Atnmonio'phosphorous  bromidey  PBr*.6NH*,  is  formed  when  ammonia-gas  is  slowly 
passed  into  well-cooled  tribromide  of  phosphorus.  It  is  a  white  powder  which,  when 
neated  out  of  contact  with  air,  is  resolved  into  phosphide  of  nitrogen,  phosphorus- 
vapour,  bromide  of  ammonium,  ammonia  and  hydrogen  gas  (Rose).  With  water  it 
yields  bromide  and  phosphite  of  ammonium. 

Ventaliroiiiida  of  Pbosplftonis  or  Fliospliorio  Bromide*  FBr*.  Ferhrtmide 
of  Phosphorus. — Produced  by  the  action  of  bromine  in  excess  on  phosphorus  or  on  the 
tribromide ;  also  by  decomposing  iodide  of  phosphorus  with  bromine ;  most  easily  pre- 
pared by  the  second  process. 

It  is  a  lemon-yellow  solid,  crystallising  in  rhomboidal  forms  after  f^on,  in  needles 
when  sublimed ;  melts  at  a  moderate  heat  to  a  red  liquid,  which  at  a  higher  tem- 
perature evolves  red  vapours ;   evolves  dense  pungent  fumes  in  the  air.    (Balard.)  - 

Decompositions. — 1.  By  chlorine  into  chloride  of  phosphorus  and  free  bromine. — 
2.  By  heated  metals,  into  metallic  bromide  and  phosphide  (Balard). — 3.  By  oxide 
of  copper  and  red  oxide  of  mercury,  into  metallic  bromide  and  phosphate  (Lowig). — 

4.  By  a  small  quantity  of  water,  into  oxybromide  of  phosphorus,  and  hydrobromic  acid 
(Gladstone);  by  a  larger  qu&ntity,  with  rise  of  temperature,  into  phosphoric  and 
hydrobromic  acids  (Balard) : 

PBr»  +     H«0     =    POBr*  +   2HBr 
PBr»  +  4HK)     «     PH«0*  +  6HBr. 

5.  By  dr^  sidphydrie  acid  gas,  forming  a  heavy  liquid  composed  of  P^.SPBr*, 
which  boils  at  200^  without  decomposition,  but  respecting  which  it  has  not  been 
positively  determined  whether  it  is  a  definite  compbuna  or  a  mixture  of  two  substances 
of  equal  or  nearly  equal  boiling  points  (Gladstone,  PhiL  Mag.  [31  xxxv.  346^. — 

6.  Id  phosphoreited  hydrogen  gas  the  pentabromide  first  becomes  liquid,  yielding 
tribromide  of  phosphorus  and  hydrobromic  acid,  which  then  unites  with  another 
portion  of  phosphoretted  hydrogen,  and  forms  hydrobromate  of  phosphine  PH'.HBr, 
or  bromide  of  phosphorium  PH^Br,  which  crystallises  in  cubes  (Serullas,  iii.  201). 
!By  prolonged  action  of  the  phosphoretted  hydrogen,  the  whole  of  the  bromine  is  re- 
moved from  the  pentabromide,  and  phosphorus  is  set  free. 

VKOSnOSirSf  CKXiOAIBBS  of.  Phosphorus  unites  readily  and  directly 
with  chlorine  even  at  0^,  the  product  being  a  trichloride  or  pentachloride,  according  to 
the  proportions  of  the  two  elements  present.  The  action  of  chlorine  on  ordinary  phos- 
phorus IS  attended  with  visible  combustion.  Chlorides  of  phosphorus  are  also  produced 
Dy  the  action  of  phosphorus  on  metallic  chlorides. 

Trleblorida  of  Pliosplionis  or  Pliosplioroiis  Cliloiide«  P(71' ;  formerly  called 
Proiochloride  of  Phosphorus. — This  compound  is  prepared :  1.  By  passing  dry  dilorine 
gas  over  phosphorus  contained  in  a  tubulated  retort  till  all  the  air  is  expelled,  then 
gently  heating  the  phosphorus  in  a  sand-bath,  while  a  slow  stream  of  chlonne  is  kept 
up»  so  that  the  gas  may  always  come  in  contact  with  an  excess  of  phosphorus.  The 
tnidiloride  then  condenses  in  the  receiver  as  an  oily  liquid,  which  may  be  purified  from 
excess  of  phosphorus  by  slow  rectification.  If  it  contains  any  pentachloride,  which 
will  be  the  case  if  the  stream  of  chlorine  has  been  too  rapid,  it  must  be  digested  for 
some  days  with  phosphorus  and  then  rectified. — 2.  Diy  phosphorus  is  placed  at  the 
ckMed  end  of  a  glass  tube ;  a  few  lumps  of  mercuric  chloride  are  placed  upon  it ;  the  phos- 
phorus is  gently  heated  so  that  its  vapour  may  pass  slowly  over  the  mercuric  chloride, 
and  the  trichloride  of  phosphorus  thereby  produced  is  collected  in  a  cooled  receiver  and 
afterwards  rectified. 

Trichloride  of  phosphorus  is  a  thin,  transparent,  colourless  liquid,  of  specific  gravity 
1'61  (Pierre),  1-46  (Davy),  boiling  at  78<*  to  78  6^  under  a  pressure  of  761  to  767  mm. 
(Dumas,  Pierre,  Andrews),  at  73*8  under  a  pressure  of  760  mm.  (Eegnault, 
Jahresb.  1863,  p.  70).  Vapour-density  =  4*79:  calc.  (2  voU.)  =  477.  Latent 
heat  of  vapour  «  67*24  (Regnault,  Jahresb.  1863,  p.  77).  The  tension  of  its  vapour 
at  different  temperatures  is  according  to  Regnault  (Jahresb.  1863,  p.  66)  as  follows: 


Tempera- 

Tetnlon of 

Tempert- 

Tenf  ton  of 

ture. 

Vnpour. 

turi: 

Vapour. 

0°C 

, 

.    37-98  mm. 

+  40«C 

.  341*39  mm 

+  10 

, 

.    62*88 

60 

.  486-63 

20 

, 

.  100-65 

60 

.  674-23 

30 

• 

.  166-66 
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Tnchloride  of  pUoaphonm  scarcely  FOiy^i^a  1itmoit*piip«r.  It  diasotrps  phi^sphortut^ 
but  quickly  d«'poiiiti»  it  again  in  tbe  m  ^tate,  on  exposure  to  the  air.     It  ab- 

sorbs ehtoriru  rapuUy,  formin|f  the  y  •%  and  ox^tn^  at  the  b«jiliug  heat,  to 

form  the  oxychlonde  (Brodic)*     Wh, ..  ., m  the  flame  of  a  »pirit'lamp,  it  takos 

1^  and  bums  with  a  bright  phottpborotiKi  flame.  PoUi^Jnum  bums  brigutly  in  \iH 
vapour  ;  red-hot  iron-Jitmgx  decompose  it,  with  formation  of  phosphide  of  iron  and  ferrio 
chu>nde.  Strong  ni^rk  or  niirouM  acid  diH^ompoaes  it  wilii  yiolent  explosion. 
(Peraos  luid  Bloch,  Compt,  rend.  xxvUi.  86.) 

When  poured  into  watfr^  it  sitikB  to  tbe  bottom  and  decomposes,  jrielding  hydrochlo- 
ric and  pbofphoroun  acids : 

PCI*     +     3H«0       -       3HCI     +     PH*0«. 

When  Axpoe^i  to  moist  air,  it  slowly  decoinpo«es  in  the  same  manner.  giTiDg  oflT 
white  pungent  seid  Tapoiirs*  and  acquiring  an  acid  reaction. 

Witn  tZlphydric  actd  it  forms  hydrodtlonc  acid  and  trisulphide  of  phosphonis. 
(Sernllas): 

2PCl»     ^     3H«S       -       6HCI     +     P^S". 

With  pko9ph(yr(titd  hydrogen  it  forms  hydrochloric  add  and  jdlow  phosphonis, 
wbirJi  quickly  turns  red  on  exDosure  to  ligbt. 

With  mrmaiomic  alcohols^  elWf,  and  acids^  it  actfl  in  thp  same  manner  as  on  water, 
prxxlucing  a  cbloride  of  the  alcohol-radicle  or  acid -radicle  and  phmphorous  acid  or 
anhydride,  the  phosphorous  acid  sometimes  acting  further  on  the  alcohol  to  form  m 
phosphorous  ether  (B^ champ,  Compt,  rend.  3cU  944  ;  xW.  23).  Thus  with  tthyUc 
alcohol  it  yields  chloride  of  ethyl  and  phosphorous  acid  or  phosphorous  ether  : 

8(C-H*.H.O)     +     PCP        -        dCm*Cl      +     PH«0* 
and  3CC'H*,H0)     +     PH*0»     =-     P(C»H*)*0»     +     3H'0. 

Anhydrous  ethrr  (ethylic  oxide  or  onbydride)  does  not  act  on  the  trichloride  at  ordi- 
naiT  temperaturr's,  but  when  the  two  liquids  are  heated  together  to  180° — 200^  in 
Mwd  tabes,  chloride  of  ethyl  and  phosphorous  anhydride  are  prodnced^  tbe  latter  being 
partly  resohed  by  tbe  heat  into  photplioric  anhydride  and  red  phosphorus : 

3(C«H*)'0     +     2PC1'       -       6CH»a     +     P*0". 

With  ncftie  acid  and  ai^hydridt^  it  yields,  tinder  similar  drcumstnnoos,  chloride  of 
actrtyl  and  phosphorous  aeid  or  anhydride* 

Heated  with  Hhylic  acttaU  to  160^—180^  in  a  sealed  tube,  it  yields  ehlofido  of  ttcetyl, 
chloride  of  ethyl,  and  phosphoric  anhydride : 

3(CH»0,C»H».O)     +     2PC1'     «     3C«iP0a    +     3C»HHn    +    P»0*. 

From  the  ethers  of  the  glycollui  or  lacik  series,  C"II*0*,  it  abstracts  the  elements  of 
wjiter^  coQTerting  them  into  ethers  of  the  acrylic  series^  (>H*'^*0*,  accofdlng  to  tho 
general  equation : 

3OH>0»     +     PCI'      -       ZOW^H)^     +     PH»0'     +     3HCL 

(Frank  land  and  Blip  pa,  p.  273.) 

Zinc-ethyl  acts  Teiy  Tiolently  on  trichloride  of  phosphorus,  producing  trie  thy  1* 
phosphine  and  zinc-chloride : 

2PCI*  -I-   3Zn*(CH»)»     =     SZo^Q*  +   2P(C»H»)». 

Slmiltf  producta  are  obtained  with  rine-mttkyl  and  sinc-amyl  (Hofmanii  ftod 
Otthovri).    See  Pro«fkobi»-bashs. 

AmmotWhgat  m  rapidly  abaorbed  by  the  trichloride,  forming,  if  nsi^  of  t>»mpcrature 
be  proyented  by  eitemal  cooling,  a  white  mass  which  wns  fonneriy  rpganlcd  as  a  di^fi* 
itite  ammonio-tridiloride  of  phosphorus,  5NIP.PC1*,  and  wils  sup^toain^l  to  bit  resolved 
by  heat  into  ammonia,  hydroeen,  phosphorus^vapour  and  a  residue  of  djnitride  of  pHos- 
phorua  PX*  (see  Gmetin*a  lianJlboak,  ii.  481).  But  this  ammonio-trichlorido  has 
never  been  obtained  pure,  and  its  rery  existence  is  doubtful  The  produ(?t  of  the  re- 
action of  ammonia  on  the  trichloride  appears  indeed  to  consist  mainly  of  a  mixture  of 
aai-ammoniac  and  phosphoroso-triamide,  formed  aeeoniing  to  the  equation,  PCI*  -♦• 
6NH'  •  3NH*cl  +  N*H*P,  and  yielding,  when  ignited  without  access  of  air,  & 
reaiduQ  of  phosphoroso-diamide  and  phoifphoroso-monamidc  (p.  499). 

Feataelilorldo  of  Ftioaphonu  or  Pboapborle  Clilotide.  PC1\  Pcrthloride 
i^ Phoaphorus. — Thi»  commmnd  is  prrHluc4*d  by  the  action  of  chlorine  in  excess  on 
phosphoms  or  nn  fhe  trichloride. — I.  Dry  clilorine  is  peflsed  in  a  mpid  stream  into  a 
large  retort  or  Woulffc' 8  l»oirle  containing  phosphorus,  which  mutit  be  kept  cool  at  firj.% 
as  otherwise  the  heat  developed  by  the  reaction  will cau«^e  the  trichloride  of  phosphorus 
produced  in  the  first  instance  to  distil  oTcr^     Afterwanl^,  when  the  absorption  of  the 
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chlorine  becomes  slower,  the  reaction  may  be  assisted  by  a  gentle  heat.  Amorpbons 
phosphorus  exposed  in  the  state  of  powder  to  the  action  of  a  rapid  stream  of  chlorine  is 
at  onoe  converted  into  the  solid  pentachloride. 

2.  Phoephoms  is  also  rapidly  converted  into  pentachloride  when  introduced  into  snl- 
phide  of  carbon  previously  saturated  with  chlorine ;  and  when  chlorine  is  passed  to 
saturation  into  a  solution  of  phosphorus  in  sulphide  of  carbon,  the  liquid  on  cooling 
deposits  the  pentachloride  in  crystals.  This  last  method  is  now  much  used  for  the 
preparation  of  the  compound  on  the  large  scale;  but  according  to  Hugo  Miiller 
(Zeitschr.  Ch.  Pharm.  1862,  p.  295),  the  pentachloride  thus  prepaid  almost  always  con- 
tains free  phosphorus,  especially  when  too  strong  a  solution  has  been  used,  or  the  b'quid 
has  been  too  strongly  cooled  before  the  formation  of  the  pentachloride  is  complete.  The 
impure  product  thus  obtained  has  a  dull  waxy  aspect,  different  from  the  shining  straw- 
yellow  crystalline  character  of  the  pure  pentachlonde,  and  changes  more  or  less,  in  course 
of  time,  into  the  liquid  trichloride.  Moreover,  if  the  proportion  of  free  phosphorus  in  it  is 
laise,  it  may  become  dangerous,  as  the  reaction  between  we  free  phosphorus  and  the  pen- 
tac^oride  may  then  be  attended  with  a  rise  of  temperature  hi^  enough  to  produce  ex- 
plosion. The  product  is  also  liable  to  be  contaminated  with  a  sulphur-compound, 
resulting  from  the  action  of  the  sulphide  of  carbon  on  the  pentachloride.  For  these 
reasons  Miiller  recommends  the  preparation  of  pentachlorioe  of  phosphorus  from  the 
trichloride  as  follows. 

3.  A  small  quantity  of  the  trichloride  is  introduced  into  a  wide-mouthed  capacious 
glan  vessel,  closed  by  a  perforated  caoutchouc  plate  through  which  the  chlorine  is  in- 
tioduced.  A  certain  quantity  of  phosphorus  is  then  dissolved  in  it ;  chlorine  gas  is 
passed  into  the  vessel  till  the  whole  of  the  phosphorus  is  converted  into  trichloride ;  a 
fresh  ^rtion  of  phosphorus  is  added ;  more  chlorine  passed  into  the  vessel ;  and 
so  on  till  the  necessary  quantity  of  trichloride  is  obtained.  This  product  is  then  con- 
verted into  pentachloride  by  prolonged  exposure  to  excess  of  chlorine.  In  this  process 
the  trichloride  acts  as  a  solvent  of  Uie  phosphorus  in  place  of  the  sulphide  of  carbon 
used  in  the  ordinary  manufiMturing  process.  If  the  product  obtained  by  either  of  the 
above  processes  still  retains  traces  of  trichloride,  it  may  be  puziAed  by  redistillation 
in  a  stream  of  chlorine. 

Properties. — ^Pentachloride  of  phosphorus  is  a  white,  or  more  frequently  a  straw- 
yellow  mass  of  more  or  less  compact  texture ;  it  crystallises  from  fruion  in  prisms 
(Davy).  Br 0 die  by  passing  chlorine  into  a  solution  of  phosphorus  in  sulphide  of 
carbon  obtained  it  in  distinct  rhombic  crystals.  It  sublimes  at  100^  without  previous 
fusion,  but  under  increased  pressure  it  melts  at  148^  and  boils  at  a  t'Cmperature  a  little 
above.  The  spedftc  gravity  of  its  vapour  is,  according  toMitscherlicn,  4*85  at  185^ ; 
acccnding  to  C ah  ours  it  varies  from  5*078  at  IS29  to  8*666  at  386^    The  last  agrees 

81  +  5  .  86*5 
nearly  with  a  condensation  to  4  volumes,  for  r x      0*0693     =     3*693. 

Probably  a  case  of  dissociation,  2  vols,  of  the  pentachloride  splitting  up  when  strongly 
heated  into  2  vols.  PQ",  and  2  vols.  CL    (See  ii.  817.) 

DeeompasiHons, — 1.  Pentachloride  of  phosphorus  bums  in  the  flame  of  a  candle,  and 
when  its  vapour  mixed  with  oxygen  is  passed  throufl^  a  red-hot  tube,  it  bums,  with 
formation  or  phosphoric  anhydnde  and  liberation  of  chlorine^  and  according  to  Bau- 
drimont  (Rdp.  ChiuL  pure.  111,  1141  with  formation  of  oxvchloride  of  phosphorus. 

2.  Treated  in  like  manner  with  hydrogen^  it  yields  hydrochloric  add,  tnchloride  of 
phosphorus,  free  phosphorus,  and  phosphoretted  hydrogen.    (B  a  u  d  r i  m  o  n  t^  ^.  ct^. ) 

3.  It  does  not  act  on  carbon  or  on  bromine,  but  with  iodine  it  forms  pentachloride 
of  iodine,  which  unites  with  the  excess  of  the  pentachloride^  forming  uie  compound 
PCIMCL  The  same  compound  is  formed  by  the  action  of  the  pentachloride  on  trichloride 
of  iodine:  PCI*  -¥  ICl"  -  PClMa  -¥  CI* ;  also  by  the  direct  union  of  the  penU- 
f^oride  of  phosphorus  with  protochloride  of  iodine,  or  of  trichloride  of  phosphorus  with 
trichloride  of  iodine.   (Bauarimont^  B^p.  Chim.  pure,  iv.  60.) 

4.  Fused  with  sulpJ^r,  it  yidds  sulphoperchloride  of  phosphorus  PQ^*  or  PC1".2SC1 

septum,  it  forms  the  compound  P*C1*^ 


(Gladstone,  Chem.  Soc  Qu.  J.  iiL  5).  With  selenium, i 
or  2PCl*.SeCl*.    (Baudrimont) 

5.  Heated  with  various  metals  to  IZ(P — 140^  it  forms  trichloride  of  phoephoms  and 
a  metallic  chloride,  which  generally  unites  with  the  excess  of  pentadiloride,  forming  a 
double  chloride;  such  is  the  case  with  aluminium,  Irismuth,  iron,  tin,  and  perhaps  also 
with  smc  and  copper,  CMd  and  more  particularly  platinum  are  easily  attacked  by  the 
pentachloride,  the  latter  yielding  the  sublimable  compound  2PCl*.PtCl\  Antimony  is 
the  most  easily  attacked  of  all  metals  by  phosphoric  chloride.  If  the  metals  are  heated 
to  redness,  a  much  more  violent  action  takes  place,  phosphorus  being  Sf^t  free,  and  a 
metallic  phosphide  sometimes  formed  (Bauarimont).  Potassium  heated  in  its 
vapour  bums  with  a  brilliant  light 
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6.  Pentnchloride  of  phofphorus  hosted  with  a  small  qniuititj  of  W€tUr,  or  6zdob<h1  to 
[  Aokt  ftir,  in  ivhieh  omo  it  ^v^b  oft  a  large  qujiQttty  of  mtesaelj  pungent  acid  fuiD«fl, 
f  !•  resolved  into  hydfocbloric  Acid  and  oxjchfondo  of  phosphomia ;  with  a  krger  quan- 
tity of  water  it  yields  hydrockloric  and  phosphoric  adds : 

Pa»   +   H*0     ^     POa*  +   2IIC1. 

andPCl'    ^   4H*0  -    PH«0*  +  6HCL 

7.  Sviphydne  add  in  like  manner  conrerts  it  into  hydrochloric  add  and  snlphochlo* 
ride  of  pnospboroa ; 

pa'   +    H  S     -     FSCl»   ^  12HCI. 

8.  By  alcofioh  and  atnds  it  in  d<v^mpo6<>d  in  the  same  manner  as  by  water,  yielding 
bydnx^nlonc  acid,  a  chloride  uf  thu  uli^oholic  or  acid  radicle,  and  oxjchloride  of  phos- 
pnonis,  or  phosphoric  acid,  according  to  the  proportions  of  the  ucting  substances,  the 
phosphoric  acid  thoa  formed  aetiQg  further  on  the  alcohol  to  pruduce  u  phosphoric 
ether ',  th  as  with  amy  He  alcohol: 

C^H'^H.O     +     PCI*       -       C'H"Cl     -I-      HCl     +     POCl'. 

AmiUc  ^ctflkol.  Ch(ortd«  of 

umyl. 

2PCI*     =     60H'*C1   ^   6RCi  +   2RC*H")»HP0*]   +  H«0. 
Chloride  of  UtamjUc  phofphate^ 

eoijl. 

c*H*o»  +    pci»   «   c*H«oci   +  HCl  +  poa». 

Act'ilc  ClllorUI"  of 

•eld.  acftfU 

r»H*0»   +   2PCl»     =     C«H*OCl«   4-   2HC1  >  2P0C1*. 

Lactic  Cblortd«of 

With   some  diatomic  adds,  howover,  it  first  forms  the  corresponding  anhydrides, 
which  are  then  converted  by  excess  of  tlie  pentachloride  into  thu  add  chlorides :  r.j^. 


and  ft(C*Hi»£,0)  + 

Amjtle  sleohou 


C*H-0* 
Sii«c1tilc 


^  PCl»     « 


+   2Ha   +   VOCIK 


C»H^O» 

ScKclnk 
SDhj'itrtde* 


pru*    - 


POCP. 


C^H*0" 

Suedair 
snliydnde. 

c^H«o»a' 

Cblorldr  erf 
SucciRy). 

Aniimonii;  add  and  boric  add  are  also  dehjdmted  by  it,  yielding  the  corresponding 
anhydrides,  together  with  hydrochloric  acid  and  oiychloride  of  phosphorus  (Schiff 
Ana.  Ch. Fhamj,  cii.  Ill)-  J^trong  niiric  aeid  acts  very  violently  on  the  pentachloride, 
and  when  it  is  added  to  the  latter  by  drops,  hydrochloric  acid  eacapea,  and  if  ilie 
mixtare  be  well  cooled,  a  blood-red  liqnid  is  obtained  which  yields  by  distillation 
phosphoric  oxychloride  and  yellow-red  vapours,  probablj  Gomnsting  of  N0*C1. 
(Schiff.) 

With  strong  sulphuric  addy  the  pentachloride  first  yields  phosphoric  oiychloride 
attd  chlorhydrosulphttric  acifi  and  by  prolonged  action,  chloride  of  snlphuryl,  the 
ao-^lled  chloroanlphnric  acid  (SO'^^CP  ( W  i  1 1 1  a  m  s  o  n,  Q        '"       '^      ~     -     -  -  -  ^ 

so«|^2    +   PCl»    -    ^*1ho  +  ^^^'  +  ^^ 

Sulpburie  Chlorbj'drn- 

«ttd.  mlphuriie 


,  Chem.  Soc.  Qu.  J.  vii.  18S}; 


""  IHO 


+    PCl»     ^     S0H:1»      +  POCl»  +  HCL 


With  tulphurie  anhj^dridf,  the  prodneta  are  also  phosphoric  oxjchloride  and  chloride 
of  sulphuryl : 

6o«  +  pci»  -   pocp  +  so»a». 

With  suiphurous  anhydride  in  liVe  manner  chloride  of  thionyl,  (S0)''C1',  is  produced. 
On  pAostpAone  anhydride,  the  pentachloride  does  not  act  in  tne  cold,  but  when  heated 
it  acta  easily,  forming  pboaphoric  oxyehloride.  Glacial  and  syrupy  phosphoric  acid 
are  but  slightly  acted  upon  by  it  even  when  heated,     (Schiff) 

9.  Many  mrtallic  rtj-idts  and  salt*  are  readily  decoroposed  by  ignition  in  the  Tflpour 
of  phosphoric  chloride,  yielding  j>hosphoric  oiychloride  and  a  metallic  chloride  or 
oiychloride,  8ach  is  the  case  with  tne  cride9  of  cadmium,  manganexf,  eoba/t,  and 
ckromiumt  the  last  yielding  a  riolet  sublimate  of  diromic  chloride.  FtrHe  oxidr  and 
alumina  yield  slightly  volatile  sublimates  consisting  of  the  dou'jle  chlorides  FeCl'.PCl* 
and  AlCl'.PCl*.  respectirely.  The  minerals  of  the  smntl group,  when  finely  jpulrerised 
and  treated  in  like  manner  arc  ako  decomposed  witn  mor«  or  les«  facilitv.  chrontt^ir^n 

Vol    rv.  L  L 
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flnd  fnuUtiiniU  peldioff  disdlUtes  containing  feme  diloride,  spind  juHdmg 
cUgride  of  alnmimnm.  TittmaU  of  iron  yields  a  brown  inblimate  and  a  diitiUatd 
eoataining  tha  chloridaa  of  iron  and  titanium.  Finely  pnlTeriaed  nliea  yielda  a 
faming  distillate  which  is  decomposed  b^  water,  with  formation  of  gelatinous  siliea ; 
feUpar  and  garnet  yield  similar  distillates  containing  also  chloride  of  alomi- 
nitim.  Tungstie  and  mofyhdic  ankvdridea  are  decomposed  in  a  similar  manner 
(Weber,  Pogg.  Ann.  cvii.  875,  Jahresb.  1859,  p.  79).  ^\m^Hc  anhfdride  heated  with 
pentachloride  of  phoaphoms  yields  a  red-brown  liquid,  which  when  distilled  giresoff 
phosphoric  ozycmoride  and  leaves  a  substance,  probably  (WO*)''CI*,  which  sublimes 
in  yellow-red  yapours.  On  molybdie  anhydride  the  chloride  acts  more  violently,  the 
mixture  giving  off  thick  white  and  red  vapours,  and  leaving  a  thick  oily  liquid  which 
yields  by  distillation,  first  phosphoric  ozychloride,  then  molybdie  oxychloride,  then, 
probably  in  consequence  of  a  secondary  reaction,  a  red  woolly  sublimate  of  molybdie 
dichloride  (Schiff).  Areenioue  anhydride  is  easiljr  decomposed  by  pentachloride  of 
phosphorus,  yielding  phosphoric  ozrchloride  and  trichloride  of  arsenic ;  areenie  anhy* 
dride  yields  the  same  pioaucts,  wiu  evolution  of  chlorine  (Hurtsig  and  Oeuther, 
Jahresb.  1857,  p.  186): 

As«o«   +    3Pa*    -     8Poa»   +    2A*a" 

Aa«0»     •*■     5Pa»       -       5P0C1«     +     2AsCl«     +     CI*. 

Chloride  of  ehromyl  (dilorochromic  acid),  CrO*Cl*,  gently  heated  with  phosDhoric 
chloride  yields  a  brown  mass ;  at  a  stronger  heat^  phosphoric  ozychloride  and  free 
ehlorine  are  given  oft,  and  there  remains  a  blue  powaer  containing  chromic  and  phos- 
phoric chlorides,  and  converted  at  a  red  heat  into  violet  chromic  chloride : 

2CrOK:Jl«     +     4Pa»       -       4P0C1«     +     2CrCl«     +     SOT 

(Weber:  see  also  Schiff,  Jahresb.  1857,  p.  107).  Boric  anJmdride  is  but  veiy 
slightly  decomposed  by  isnition  in  the  vapour  of  phosphoric  chloride ;  iodic  anhydride 
very  easily  (Weber)^  Sitrate  oftilver  and  chlorate  of  potamum  are  decomposed  by 
phosphoric  chloride  at  ordinary  temperatures ;  tunystate  of  iron  ( wolfram  X  sulphate  of 
barium^  phosphate  of  sodium  and  other  salts  at  a  red  heat  (Weber).  l%e  decompo- 
sition of  chlorate  of  potassium  is  represented  by  the  equation : 

KCio«   +   3Pa»    =   8Poa"   +    Ka   +    sa*. 

Sometimes  also  a  detonating  gas  (hypochlorous  anhydride  or  chloric  peroxide)  is 
evolved,  probably  fh>m  the  action  of  hydrochloric  acid  resulting  from  the  presence  of 
moisture  (Baudrimont).  According  to  Schiff  (Ann.  Ch.  I^iarm.  cvi.  116)  a  dark 
yellow  gas  is  given  o£^  which  may  be  heated  without  exploding;  and  when  passed  into 
dilute  TOtadi-solntion,  forms  chloride,  hypochlorite  and  cnlorate  of  potassium* 

10.  Metallic  sulphides  heated  in  the  vapour  of  pentachloride  of  phosphorus,  are  de- 
composed like  the  oxides,  yielding  metallic  chloride  and  sulphochloride  of  phosphorus, 
PSCl*,  but  generally  with  greater  fiidlitr  than  the  oxides,  and  sometimes  with  incan- 
descence. Iron  pyriteSf  srinc'blende,  sulphide  of  bismuthf  realgar^  native  sulphide  qf 
antimony,  and  galena,  are  easily  and  completely  decomposed,  the  last  with  incandes- 
cence and  formation  of  a  brown-red  product,  probaUy  a  sulphochloride  of  lead ;  arseni- 
cal pyrites,  smaUine,  cobalt'Speiss,  and  red  silver  ore  are  likewise  easily  decomposed. 
SiUnide  of  lead  yields  chlonde  of  lead  and  a  reddish  seleniferous  liquid  probably  con- 
taining seleniochloride  of  phosphorus.  Metallic  arsenides,  such  as  arsenical  iron  and 
copper-nickel,  are  but  slowly  attacked  by  pentachloride  of  phosphorus.  ( W  e  b  e  r,  ^  cit,) 

11.  Sulphaeyanate  of  potassium  gently  heated  with  pentachloride  of  phosphorus 
yields  gaseous  chloride  of  cyanogen,  sulphochloride  of  phosphorus,  and  chloride  of  po- 
tassium : 

KCyS    +    pa*     -    CyCl    +    Ka    +    psa*. 

A  small  quantity  of  chloride  of  sulphur  is  likewise  formed.  At  a  higher  tempemture 
larger  quantities  of  chloride  of  sulphur  distil  over,  together  wiUi  trichloride  of 
phosphorus  and  solid  chloride  of  cyanogen;  and  a  reddish-yellow  residue  is  left,  from 
which  water  extracts  chloride  of  potassium,  leaving  sulphur  and  yellow  decomposition- 
products  of  potassic  sulphocyanate.    The  first  reaction  is  probaUy : 

«KCyS     +     2Pa»       -       2Cya«     +     SKU*     +     2Ka     +     2K«S»     +     P«, 

the  free  phosphorus  and  the  disulphide  of  potassium  afterwards  acting  on  fr«sh  portions 
of  the  pentachloride,  as  follows : 

P*        +     3PC1»     -       5Pa«; 

K«s«   +   pa»    -    psa"   4.   2Ka   +   a 

The  yellow  products  above  mentioned  probably  arise  from  another  mode  of  deeompo- 
ntion  of  the  sulphocyanate,  produced  simultaneously  by  the  heat.  (Sch  if(  Ann.  Ch. 
Pharm.  cri.  116.) 
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Withphmhoretied  Avdroffen  pfDtacblorid«  of  phoaplioms  forms  hjdroehlmc  &etd 
1  tncWodSa  of  phoiphona,  or  imt  phosphoniSp  iccording  to  the  ptoportiotu ; 

SPCl^     +       PH»       -         3Ha     +     4Pa» 
3PC1*     +      6PH»       «       16HC1     ^        P«, 

12.  Pentacblonde  of  pfaoephoruft  npidlj  absorbs  ttmmoma-gtu,  fofming  ul<ammoniBc 
the  sa^ealled  cb!oropbo«pbjuiude  (p*  498)«  cfalorooitride  of  pho^horui^  and  perhaps 
other  prodQctA : 

PC1»     +     4NH«       -       N^HTCl*     ^     2NH<a; 

rjnd  pa*     +     4NH»      -      PNCl*         +         SNH*CL 

Ctiloxor^itrld* 
or  photpHoruj* 

It  WAV  forma\j  inppoaed  also  that  a  oomponcd  of  ammonia  with  the  pentachlorida 
waa  formed;  hut  this  does  not  appear  lo  be  the  fa^e,  (See  G-mdin*  H(^ndbook, 
iL  463.) 

It.  Amidc§  are  decomposed  by  pcntachloride  of  phoaphorut  in  Tarioui  wajt^  Ac^id" 
midi  act*  Tery  riulently  on  the  pentachloride,  and  on  distilling  the  product,  a  con- 
■tdemble  ouantitj  of  carbonaceous  matter  is  left,  while  a  compound  of  acetonitrile 
with  trimloride  of  photpbortia,  C*H*N.PC1'*  pusca  oTer  (Hcnke,  Ann.  Cb.  Pbarm, 
evL  27*2).  Sut^antidi  yields  in  like  manner  the  compound.  C^H*N*PC1' (Henke); 
or  according  to  Cahoum  (Compt.  rend.  xxt«  325),  btitjronitrile^  oxjchloride  of 
pho«phort»,  and  hydrochloric  acid  : 

C^H'NO     A-     PC:P       -     OB'N     +     POCl"     +     2HCi 

Bengamide.  jrieldi  in  like  manner,  according  to  Heoke,  benzonitrile,  C'H'N»  oxychloride  of 
phoflphorufl,  and  hydrochloric  ocid ;  according  to  Gerhardtt  the  first  products  of  the  re- 
action are  oxjchjonde  of  phosphorus,  and  the  compound  C'H^KCF : 

CHTfO  +  PCI*  =*  FOCI"  -I-  C'H'KCl'; 
the  hitter  being  oubsMuently  reoolved  into  HCl  and  C*H*NC1,  which  when  heated  ii 
f^her  reaolTed  into  HCl  and  C*H*N  ^benaonitrile).  Sulpkopkenytamide  (or  Mulphi- 
phtnylamie  aeid)^  C*H'SO»N,  heated  with  p«ntachlonde  of  phoflnhonu  yielda  »ulphtphe* 
nylic  chloronitride  (Oerhardt'i  chloride  of  aiilphophenytamiayl) ;  according  to  tha 
equation : 

ac*H»)w  C*H* 

(80)-  Ig      +     PC1»       =       HCl     +     POCl*     -f     (SO)" 


SutpblpNenrtimle 


Sulphlipki^nfUe 


Bfnf0ivipkpphtnyl4tmids  ytejde  in  like  manner  benfloaidphiphenylic  cblortmitride: 

(WO  ^  ^*  -  ^^1  -  ^^^*  ^  (|S:|ci^ 

H    } 

(Qerbardt,  Ann.  Ch.  Pharm.  CTiii.  214;  compare  Fiitig,  ibid,  twL  277;  Johreeb, 
18S8,  pp.  314—320.) 

Compmtndi  of  Pentaehloride  of  Phosphorus  mth  otkir  Chhrid^i, 

Thaw  compounds  are  obtained  either  by  direct  combination  of  their  proximate 
eouptitueote,  or  by  the  action  of  rarious  elementary  bodies  on  pentachlonde  of  phofphoros 
(p.  dl2).  They  are  all  leae  volatile  than  the  latter,  and  may  bo  freed  from  exccei  of 
it  by  hatting  for  ten  to  twenty  hours  to  l&Q^ — 180^,  and  further  purified  by  sublima- 
tion at  a  higher  temper&tun?.  They  are  ail  0olid,  Tolatile,  fiime  in  the  air,  and  are  do- 
Gompoaed  by  water,  in  some  cases  with  rise  of  temperature.  (Baudrimont^  Compt. 
rend.  h.  361 ;  Ann.  Cb.  Phys.  [4]  ii.  6) 

lodoDhosphork  chhridf^  PICl*  —  PCIMCI,  is  obtained  by  the  action  of  iodine  on  tha 
pentacnJonde  ;  alao  by  direct  combination  of  its  component  chlorides,  or  of  trichloride 
of  phosphonti  with  trichloride  of  iodine ;  or  by  the  action  of  trichloride  of  iodine  oa 
pentachloHde  of  phospboms : 

PCP     ♦     ICl»       ^       PlCl*     i-     Cl», 

It  is  orange-yellow,  and  may  be  obtained  by  distillation  in  beautiful  needles  which 
quickly  absorb  moisture  and  deliquesce  to  a  corrosiire  liquid, 

SeUmo-phospkoric  ckloridt,  P*SeOl'*  -  2PCRSeCl*,  obttioed  by  direct  combination 
tfl  oimi^yellow,  boik  at  220*^,  and  soqiiires  a  tmnsieiit  ltd  colour  when  heated  till  it 
Tolatiliaes. 

Mumin^-phosphoric  chhrids^  PAICl'  -  PCIIAICI'*— Thia  compound,  flwt  obtained 

J.  1.2 
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hy  Weber  (Pogg.  Ann.  cvii.  375),  is  produced  by  direct  combination,  by  heating 
finely  divided  alumina  in  the  vapour  of  phosphoric  chloride  (Weber),  or  by  the 
action  of  aluminium  on  that  compound  (Baudrimont).  It  is  white,  easily  fusible/ 
solidifies  in  the  crystalline  form  on  cooling ;  is  much  less  volatile  than  either  of  the 
component  chlorides  (Weber),  boils  above  400°  (Baudrimont).  It  is  decomposed 
by  phosphorus,  Yrith  formation  of  trichloride  of  phosphorus;  forms  a  dark  red-brown 
mass  when  heated  with  sulphur ;  and  when  heated  with  chloride  of  potassium,  gives 
off  pentachloride  of  phosphorus,  and  is  converted  into  chloride  of  aluminium  and 
potassium. 

FerricO'phosphoric  chloride,  PFeCl'  =  PCl*.Fe"'Cl*,  obtained  bv  similar  processes 
is  brown,  easily  fusible,  less  volatile  than  either  of  the  component  chlorides  (Weber); 
melta  at  98°  and  boils  above  280°.    (Baudrimont.) 

Mercurico-^hosphoHo  ckloHde,  PHg"CJl"  -  PCl».3Hg''a«,  forms  easily  fusible 
heedles  volatilising  at  about  200°,  and  decomposing  when  suddenly  heated.  (Bau- 
drimont.) 

Piatinico-phosphoric  ehhridf,  P«RC1>*  =■  2PCl».Pt»'Cl*,  obtained  by  the  action  of 
platinum  on  the  pentachloride,  is  an  amorphous  ochre-brown  mass,  which  volatilises 
with  partial  decomposition  at  temperatures  above  300°.     (Baudrimont) 

Stannico-phosphoric  chloride,  PSnCl*  «  PCl*.Sn'^Cl*,  produced  by  direct  combination 
or  by  gently  heating  the  compound,  2SCl*.SnCl*  with  trichloride  of  phosphorus  in  a 
current  of  ory  hydi^hloric  acid  gas : 

2Sa*.SnCl*     +     3PC1»       =       PCl*.Sn''Cl*     +     2Pa»     +     S'Q*; 

also  by  heating  the  same  compound  with  pentachloride  of  phosphorus  in  a  stream  of 
chlorine  (Casselmann,  Ann.  Ch.  Pharm.  Ixxxiii.  267;  Jahresb.  1852,  p.  393).  It 
sublimes  in  brilliant  colourless  needle-shaped  crystals,  which  soon  crumble  to  an  amor- 
phous powder  even  in  closed  vessels  (Casselmann).  Melts  at  220°  and  volatilises  with 
partial  decomposition.     (Baudrimont.) 

ySOBVKOSVS,  CKXiOROVrmZBa  or.  P^N'Cl*.  Chlorophosnhuret  oj 
Nitrogen. — This  compound  was  discovered  byWohler  andLiebig  (Ann.  Ch,  Pharm. 
xi.  146),  who  assigned  to  it  the  formula  P*N*C1*.  It  was  further  examined  bj 
Gladstone  (Chem.  Soc  Qu.  J.  iii.  135),  whose  analyses  appeared  to  confirm  this 
formula.  Laurent  however  (Compt.  chim.  1850,  p.  387),  suggested  that  the  true  for- 
mula of  the  compound  was  PNCl',  derived  from  that  of  pentachloride  of  phosphorus 
by  the  substitution  of  1  at.  nitrogen  for  3  at.  hydrogen ;  and  the  correctness  of  this 
formula  has  been  established  by  the  recent  analyses  of  Gladstone  and  Holmes 
(Chem.  Soc.  J.  xvii.  225),  who  have  however  shown  that  it  must  be  tripled  in  accord- 
ance with  the  observed  vapour-density. 

Formation, — ^By  the  action  of  pentachloride  of  phosphorus  on  ammonia,  chloride  of 
ammonium  (Wohler  andLiebig),  or  chloride  of  dimercurammonium  (white  precipi- 
tate).    (Gladstone  and  Holmes.) 

Preparation, — 1.  Pentachloride  of  phosphorus  is  saturated  with  dry  ammoniacal  gas, 
and  the  white  mass  produced  is  distilkd  with  water.  The  ciystals  which  condense  in  the 
water  contained  in  the  receiver  are  then  collected  on  a  filter,  washed,  dried,  and  purified 
bv  solution  in  hot  ether  and  recrystallisation  TWohler  and  Liebig). — 2.  Penta- 
chloride of  phosphorus  is  placed  at  the  closed  ena  of  a  glass  tube  three  feet  long,  and 
at  a  short  distance  from  it,  long  pieces  of  sal-ammoniac  are  introduced,  in  such  quan- 
tity that  the  tube  may  be  half  filled  with  them.  The  tube  is  then  laid  horizontally  in 
a  lone  furnace,  similar  to  that  used  for  organic  analysis,  and  the  sal-ammoniac 
heated  till  it  be^ns  to  volatilise ;  a  gentle  heat  is  then  applied  to  the  chloride  of  phos- 
phorus, so  that  its  vapour  may  slowly  pass  over  the  sal-ammoniac,  and  be  completely 
decomposed.  A  large  quantity  of  hy<hrochloric  acid  gas  is  evolved,  and  the  cool  part 
of  the  tube  becomes  filled  with  crystals  of  chloronitride  of  phosphorus.  This  portion 
of  the  tube  is  broken  oS,  and  freed  from  sal-ammoniac  by  slightly  washing  it  with 
water,  and  the  compound  is  finally  purified  with  ether  (Wohler  and  Liebig). — 3.  An 
intimate  mixture  of  white  precipitate  and  pentachloride  of  phosphorus  is  gently  heated 
in  a  fiask,  whereupon  a  brisk  action  ensues,  and  chloronitride  of  phosphorus  is  formed, 
together  with  chlorophosphamide,  mercuric  chloride,  and  sal-ammoniac  The  product 
is  treated  with  water  which  dissolves  out  the  two  latter  substances,  and  from  the  residue 
when  dry  the  chloronitride  may  be  extracted  by  means  of  ether,  chloroform,  or  sulphide 
of  carbon.  This  method  is  easifer  of  execution  than  the  preceding,  but  not  more  pro- 
ductive.   (Gladstone  and  Holmes). 

Properties. — Chloronitride  of  phosphorus  separates  from  either  of  the  solvents  just 
mentioned  in  crystals  belonging  to  the  trimetric  system.*     Specific  gravity  «  1*98 ; 

*  The  paper  tijr  GlMditone  And  Holme*  above  referred  to  contAins  a  Aill  description  of  the  form  and 
optical  properties  of  these  crystals,  by  Professor  W.  |I.  Miller  of  Cambridge. 
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I  erjitftU  or  m  film  of  the  mpk«d  t ut^aUnco  flo«t  howerer  on  water^  doubtle^a  frQm 
ti«  iombilitj  to  he  wetted.  It»  Bpecific  rcfractite  energy  (*■*.  ^  "^'dM>*»iy"*  ~"  }^^T 
obeemtioo  0*316;  by  calcubition  from  tbe  ffpodfic  rcfractiTt  eneigtet  of  itj  coustitTieDta 
'dbiOBpbonB  Q'&S,  Ditrogea  0-23»,  cblonne  0242)  it  ia  0-392  (Gladstone  imd 
[  o  1  m  ei).  le  melta  At  about  110^  to  a  clear  liquid  wbieb  boili  at  240^ ;  it  rolatilisf'ji 
alowl^  at  ordinarj  temperatares,  and  when  heated  gives  off  a  dense  Tapour  haTing  h 
IM^uliHT  odonr  (Glad  8  to  Q  e).  It  girea  b^  analysu  2596— 26*44  per  cent,  phospboms^ 
11*73  mtrogen,  and  6072 — 61' 15  cMoritie  (Gl  a  da  tone  and  Holmes),  agn^icg 
li*^arly  with  tbe  formubi  PNCl*.  which  rpquiree  2672  phospboniH,  1207  uitrog^n,  and 
61 '21  chlorine.  The  raponr-deawity  (meati  of  two  drterminatdoiia)  *  12  21 ;  wheni?e 
the  true  fermuU  of  the  coEnpouod  ia  P*N*C1*.  which,  for  a  condensation  to  2  ToImne«, 
givM  for  the  calculate  density  the  mmiber  12*  10. 

Chloronitride  of  phoephonis  ia  insoluble  in  water,  which  moreoveT  doea  not  tAaily 
wet  it;  easily  soluble  in  alcohol^  tthfr^  chloroform,  mtiphids  of  carbon,  tnisenr,  oil  of 
turpentine  and  other  hydrocarbons.  It  is  not  deeomposcd  by  sublimation  in  hydrogen 
er  eulphydric  acid  gas;  or  when  heated  with  iodine  (Gladstone).  When  igniicd 
with  oride  of  copptr,  it  yields  nitrogen  m  and  nit nc  peroxide.  Its  Tuponr  pASi^vtl 
OTer  red-hot  iron,  yi«*lds  nitrogen  ga«,  and  a  cryst^illine  mass  constating  of  chloride  and 
phoephide  of  iron  (Wohler  and  Licbig).  llf^fited  with  tUtnir^  it  yields  chloride  of 
ailTer,  another  silrer^s^iit  insoluble  in  nitric  acid,  and  ammonia;  it  is  decomposed  in  u 
aimilar  mannrr  by  silver  when  dLssoIred  in  ether,  the  solution  acquiring  an  acid 
reaction,  lis  alcoholic  solution  mixed  with  nitrate  of  sikej',  yields  a  precipitate  of 
aiiver-cbloride.  According  to  WoWer  and  liebig,  it  is  not  attjicked  by  sulphuric,  by-^ 
dioehlonc,  or  nitric  acid,  eren  when  heated ;  aceonling  to  Ghidstone,  the  erystallis<-d 
■nbctanoe  is  attacked  only  by  hot  ftuuing  nitric  add,  and  more  easily  when  diasolred  in 
uleotkol  or  ether. 

Whieu  trtAled  in  alcoholic  solution  with  ammonia  or  potash^  it  is  immediately  cont 
Terted Intopyrophosphodiamic  acid  (^.  v.)  (Gladstone  and  Holmes): 

2P«N*CI<  +    15IP0     -     3I«N*E*0»   ^    12HCL 

Chlotonltrlda  Pyrotiliot- 

of  photphoru*.  phodtAinic 

ftClJ* 

FBOBVBOSITS,  CSX0S06HX7BZIIS  OF.     See  Phospbokus,  Sui^phochlo- 

&IDB  or. 

FBOS^SOSirs,  OTASrzuss  OF.  Kemp  found  Clmt  cyanogen  liquefied  by 
strong  pre«stir«  is  capabk>  of  disiictlving  phoephorus;  and  Cenedella  (Ann.  Ch. 
Pharm.  xriii.  70),  by  heating  5  gniins  of  phosphorus  with  20  grains  of  tnercuric  cyanide, 
obtained  (unless  a  daogeir^us  (Explosion  took  place)  a  white  sublimate*  which  had  a  very 
pungent  odour  of  phosphorus  and  cyanogen,  and  di^^solved  in  water  with  ebullition 
and  separation  of  phosphorus,  forming  a  solution  of  phosphoric  acid,  with  tnices  of 
hydrocyanic  acid  (Gmtlins  Handbool;  viii.  147).  Neither  of  these  products,  howexer, 
appears  to  haTe  poasessed  any  definite  chamcter,  and  the  only  known  definile  cyanid? 
of  phosphorus  yet  obtainad  is  that  which  corresponds  to  the  trichloride. 

Trloyaalde  of  VlioaplicirtiA  or  Vlioapbor4»a«  Cyanld^i  PC'N'  or  PCy' 
(Hiibuer  and  Wehrhtinc^  Ann,  Ch.  Pliarm.  cxiYiii.  264  ;  cjtutii.  277). — This  com* 
pound  i^  produced  :  1.  By  heating  cyanide  of  silver  with  trichloride  <Mf  phoaphoma  in 
•>  sealed  tube ; 

PCI*   +    SAgCy     -     PCy»    ^    3AgCl, 

2.  Togsth«r  with  chloride  of  cyanogen  tind  chloride  of  silver*  by  heating  cyanide  of 
silrcr  with  a  solution  of  pentachloride  of  phosphorus  in  sulphide  of  carbon : 

Pa»   +   4Ag€y     :^     PCy»   +    CyCl   +   4AgCL 

It  is  not  formed  by  heating  other  metallic  cyanides  or  hydrocyanie  add  with  trichloride 
of  phosphorus,  or  by  mixing  phosphorus  vapour  with  cyanogen  gas  or  rnpour  of 
thloride  of  cyanogen. 

Preparation. ^Cynnide  of  stlTer  is  thoz^ughly  moistened  in  a  strong  tube,  which  is 
kept  cool,  with  trichloride  of  phosphorus;  the  tube  is  sealed  and  heate3  to  130^ — 140° 
tor  mx  or  eight  hours;  the  prcfduct  is  then  warmed  to  drive  off  the  excess  of  the  tri- 
chlorido;  and  tlu>  dry  n*»idue  ik  licutcd  to  130*^—140^,  or  at  most  to  180*,  in  a 
retort  huving  its  benk  directed  upwards  (b<at  in  a  slow  stream  of  carbonic  anhydride) 
till  it  sublimes.  The  retort  is  then  closed  air- tight  and  left  to  cool,  and  the  crystals 
of  phosphorous  cyanide  are  remorcd  from  the  neck  by  a  glass  rod:  20  to  26  gi'anunes  of 
silrer>cyanide  yield  45  to  4  8  grammes  cyanide  of  phosphorus. 

Pr<5>er^*ifs.— Tricyanid*'  "-f  pJioj^phtnis  forms  long  white  necdh'S  or  thick  (datcf^ 
which  take6re  even  on  beiDg  touched  with  ii  wanji  gl;i*e  rod,  and  graduidly  dijiintcgrate 
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in  contact  with  moiat  auv  with  separation  of  phosphonut  formatioii  of  pboephorous  a«ld 

and  QTolntion  of  hjdrocjanic  acid.     It  melts  betw(^n  200^  and  203^,  and  lemuna 

liqttid  f^r  acme  time  after  fufsioD,  bnt  toLiditita  on  bfing  toncbfid  with  a  solid  liodjr^    It 

boOa  at  a  few  degrees  aboTo  its  mekiog  point     It   is  but  slightly  poluble  in  eiker^ 

fklorofonn,  Mulphide  of  carbon  or  iricMQrid4  of  phfi^ph&rus^  more  eiisjlj  however  near 

its  melting  point     In  contact  with  wat^rr,  ii  is  riipidlj  decomposed,  gelding  hydrO' 

ejanic  and  phosphorous  acids.     With  eihy'ic  or  amjfUc  alcohol^  it  prodiioea  the  eorre> 

aponding  phosphorous  ether,  together  with  a  Urge  quantity  of  hvdrocjanic  acid  and  m 

fetid  body,  the  same  apparently  as  that  which  ia  formed  in  the  prfparation  of  cyanide 

of  ethyl  (ii,  311).     Actiic  acid  acts  on  phosphorous  cyanide  with  great  violence,  ofieo 

prodocLog  separation  of  carbon.    With  waUrianic  mid  it  forms  hydrocyanic  acid,  pbos* 

pbovotu  add  and  an  oily  body  exhibiting  the  reactions  of  cyanide  of  TaleryL    Cklorids 

Iff  aetiyl  acts  upon  it  at  100^,  but  the  reaction  doet  not  yield  any  easily  separable 

|i  i^oductB.     It  is  not  acted  upon  by  dry  ammonia  ^oi  at  ordinary  temperatures,  but 

I  when  heated  in  that  gas,  it  is  coDTerted  into  a  black  maaa  insoluble  in  water. 

I       YBOSFBORUS,  DBTBCTZOir  JLITI)  MBTTMJ^TliUm  OF.     Fboephoms^  as 

[  Already  obstrved,  occurs  in  nature  most  fr<?quently  in  the  form  of  a  phosphate.    The 

iMactions  of  theaa  salts,  and  the  methods  of  estimating  the  phosphoric  acid  or  th« 

f  ^hosphoma  oontaiiied  in  them  will  be  given  hereafter  (see  PaosPHonvs,  Oxyqkm* 

I  Acms  of). 

I  In  the  lower  ozygen-oomponnds  of  phosphorus,  namely  the  phosphites  and  h y p o - 
I  phosphites,  the  phoaphoms  la  determined  by  conTertiug  them  into  phosphates  by 
[  oxidation  with  nitric  acid,  or  better  with  hydrochloric  acid  and  chJorate  of  potaastuia^ 
[  or  by  their  reducing  action  on  salts  of  gold  or  mercury* 

I      The  chlorides  of  phosphorus  arc  analysed  bv  decomposintf  them  with  water  or 

[  with  alkatino  solutions,  whereby  ihey  sre  converted  into  hydrochloric  acid,  and  phoe- 

P  phorous  or  phosphoric  acid,  acconling  as  the  compound  operated  on  is  a  tri-  or  pent*- 

I  chloride.     In  the   bitter  case,  the  phosphorus  may  be   immpdiately  precipitated  as 

ammonio^magnesian  phosphate  ;  in  the  former  it  must  6rst  be  brought  to  the  state  of 

phosphoric  acid  by  oxidation  with  nttric  acid.     The  chhjrine  may  be  determined  by 

precipitation  with  nitrate  of  silver.     The  same  method  serrea  for  the  analysis  of  the 

bromideSj  iodides,  and  cyanide  of  phosphorus. 

The  sulphides  of  phoaphorus  may  be  deoomjposed  by  fbsion  with  nitre  and  carbo- 
nate of  sodium,  or  by  treatment  with  hydrochlonc  acid  and  chlorata  of  potaaainm.    In 
I  either  case,  the  phosphorus  is  converted  into  phosphoric  acid,  the  sulphur  Into  sulphuric 
L  acid,  and  the  fbirmer  may  be  precipitated  by  solution  of  magnasiA  and  ammonia^  the 
I  Intter  as  a  barinm-salt 

I      The  same  method  is  applicable  to  the  scl  e  o  id  es  of  phoephoms. 
I       The  nitrogen-compounds  of  phosphorus,  viz.  the  phosphami des  and  phoa- 
I  phamie  acias,  are  decomposed  by  the  action  of  alkalis,  the  phosphorus  being  thereby 
converted  into  a   salt  of  phosphoric   acid      Chloro  nit  ride   of  phosphorus  la 
I  decomposed  by  treuting  its  alcoholic  solution  with  ammonia,  whereby  it  is  converted 
[  into  chloride  and  pyrophosphodiamate  of  ammonium  (p.  fil7).     The  chlorine  is  then 
I  thrown  down  by  nitrato  of  stiver  in  presence  of  nitric  acid,  and  the  pyropho^phodiamic 
I  idd  is  couToted  into  phosphoric  acid  by  boiling  its  eoliation  fur  some  time  with  hy- 
drochloric acid^    (Gladstone  and  Holmes.) 
I       The  phoephoms  inorganiccompoundsis  converted  into  phosphoric  add,  eitber 
by  fusion  with  nitre  and  carhonHte  of  sodium,  or  by  Carius's  method  of  heating  with 
I  mtricacid  in  sealed  tubes  (see  Aa  altsis,  Obgaxic,  i.  248).    Many  animal  and  vegetable 
[  tubstanees  contain  phoiiphonis,  partly  as  phosphoric  acid^  po^lj  in  combination  with 
the  organic  matter.     To  estimate  the  quantities  of  phosphorus  existing  in  these  two 
states,  a  known  weight  of  the  compound  is  boiled  with  hydrochloric  acid,  which  dis- 
aolvea  the  phosphate  present,  and  possibly  another  portion  or  even  the  whole  of  the 
oompouDd,  though  that  is  seldom  the  case.     The  hqiiid  is  then  filtered  and  the  phos- 
phorie  acid  precipitAted  as  ammouio-magnesian  phosphate.     Anotht^r  portion  of  tha 
eompound  is  oxidised  by  one  of  the  methods  above  mentioned,  and  the  phosphorie  acid 
determined  in  lika  manner.     If  the  quantities  of  phosphoric  acid  obtained  in  the  two 
cases  are  equal,  it  may  be  concluded  that  all  the  phosphorus  in  the  original  compound 
was  in  the  form  of  phosphoric  add  ;  if  on  the  other  hand  the  oxidised  portion  is  found 
I   to  yield  a  larger  quantity  of  phosphoric  acid,  the  quantity  of  phosphorus  existing  in  the 
'  non^oxidised  condition  may  be  calculated  from  the  difference. 

Graaeous  compounds  of  phosphorus  and  hydrogen  are  analysed  bypassing  Ihera 
in  the  perfectly  dry  state  over  a  weighed  quantity  of  eulphide  or  chloride  of  copper, 
nickel,  cobalt,  or  iron,  of  known  ©omposition,  kept  at  a  moderate  bent  in  a  bulb-tube. 
The  metal  is  thereby  completely  converted  into  phosphide,  and  the  Fulphuror  chlorina 
paaaes  oflf  as  sulphydric  or  hydrochloric  acid.  The  bulb- tube  containing  tho  roetalHo 
ebloride  or  sulphide  is  weighed,  first  emptyj  then  with  the  chloride  or  sulphide  in  it» 
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•nd  Utftly  mX  the  eomplrtion  of  the  ^xpeiiiiieDt  The  compositioQ  of  the  chloride  or 
Bulphtde  used  beiiig  prvTioaslj  known » the  {^uADtitj  of  metal  contained  in  it  ie  also 
known  and  the  ouMia  of  weight  of  th^  metaUic  phoephide  orer  this  giTee  the  qaantitj 
of  phoaphonii  in  the  ffaa.  To  determine  the  quantity  of  hjdf«g«n  thut  was  in  eomhi- 
nation  with  it^  the  eulphur  or  chlorine  that  haa  united  with  this  hydrogen  must  be 
ooUected  and  estimated  When  a  sulphide  is  used,  the  folphydric  add  produced  may 
be  Daased  into  a  solution  of  lead  or  copper,  the  predpitaied  solphide  oxidiaed  by  nitric 
aeio,  and  the  sulphur  precipitated  as  sulphate  of  barinm  (Mee  Strumni).  If  the 
original  metaUic  compound  was  a  chloride,  the  hydrochloric  acid  which  peasce  off  is 
paaaed  into  dilute  ammonia ;  the  resulting  eolutioa  nentralised  with  nitric  acid^  and  the 
chlorin*^  precipitated  by  nitrate  of  biItft.  The  quantity  of  sutphur  or  chlorine  which 
has  been  expelled  as  a  hydrogcn^eoni pound  being  thus  known,  the  quantity  of  hvdrogen 
which  has  entered  into  combination  with  it,  which  is  the  same  as  that  originully  com- 
I  with  the  phosphorus,  ia  easily  cakulated.  This  method  girca  trustworthy  reaolta 
Ten  whan  the  phospboretted  hydrogen  gas  ia  mixed  with  a  cotisidembk  quantity  of 

t%  hydtosen  ;  for  the  sulphides  of  the  metals  abore  mentioned  are  not  d^^compiiised 
J  firae  hydrogen,  area  at  high  tempcrutnros ;  neither  are  their  chlorides  decomposed 
by  that  gaa  at  the  temperature  required  for  the  decomposition  of  the  phosphoretted 
h^rdrogen,  especially  in  presence  of  an  excess  of  the  latter.  The  snlphidea,  howexcr, 
gire  for  the  most  part  more  exact  rpsnUa  than  the  chlorides. 

To  determine  the  total  amount  of  hydrogen  as  well  as  of  phosphorua  in  a  roixtiini 
of  phosphorettad  hydrogen  and  free  hydrogen,  the*  gas,  after  being  thoroughly  dried,  is 
pnased,  throogha  tube  containing  Tery  lonely  divi^h^  Tnetallic  copper  heated  to  redneaa. 
The  pbosphorua  then  unites  with  the  copper,  and  the  hydrogen  thu5  liberated,  together 
with  that  originally  existing  in  the  free  state,  piiB&e&  into  a  second  tube  containing  oxide 
of  copper  likewise  heated  to  r^neas,  whereby  the  hydrogen  is  couTerted  into  vapour  of 
vilar,  which  passes  on  and  is  collected  in  a  third  tube  containing  diy  chloride  of  calcium, 
Tha  iocreaae  of  weight  of  the  first  tube,  after  the  experiraeot  gives  the  quantity  of  phos' 
phonal,  and  the  increase  of  weight  of  the  third  tube  gires  the  quantity  of  water  formed, 
whoDoethe  total  quantity  of  hydrogen  is  determined.  In  this  manner  the  relative  quan- 
dtiatof  free  hydrogen  and  phosphoretted  hydrogen,  PB',  in  the  gaa  may  be  found. 
For  other  methods  see  H.  Hose.    {Traitid^  Ckimit  Analfftiqur^  ii.  117*2.) 

Metallic  phospbidbs  are  analysed  by  diasolring  them  in  nitric  acid,  nitro-mliii- 
atic  acid^  or  a  mixture  of  hydrochloric  add  and  chlorate  of  potassium.  The  phosphorus 
is  thereby  completely  converted  into  phosphoric  acid,  the  metal  being  for  the  moat 

Srt  dissolved  at  the  same  time.  The  metal  may  then  be  precipitated  from  the  solution 
■alphydric  acid  or  sulphide  of  atumonium  (nfl^  the  exesOT  of  nitric  acid  has  been  driven 
or  noarly  neutralised),  and  from  the  filtrate  the  pho«phoric  acid  may  be  nrecipitated 
aa  ammonio-magnesian  phoephate.  If  pure  nitric  acid  has  been  used  to  dissofve  the 
compound,  the  solutioo  may  be  evaporated  to  dryneas,  the  calcined  residue  decompoaed 
by  fusion  with  an  alkaline  carbonate,  the  twfd  mass  digested  with  water,  and  the  phos- 
phoric acid  precipitated  from  the  filtered  alkaline  solution  as  above.  The  phosphide 
may  also  be  decompoeed  at  once  by  fusion  with  four  or  fire  times  it^  weight  of  a 
mixture  of  nitre  and  alkaline  carbonate. 

Moat  metallic  phoephidea  are  tusoluble  in  hydrochloric  acid,  even  when  heated. 
jr«v«rthelen  when  a  vvry  small  quantity  of  phospboms  ia  aasociated  with  a  large  nuan- 
titj  of  iron,  aain  majiv  kinds  of  pig-iron,  the  whole  dissolves  iu  hydrochloric  or  dilute 
muphitric  add,  the  phosphorus  passing  into  solution  as  phosphoric  acid,  (For  the 
aiethods  ot  estimating  phosphorus  in  pig-iron,  see  liL  373.) 

TtMiing  for  frrt  Photphortu. — The  properties  and  reactions  of  phosphorus  in  the  free 
state  have  been  already  described,  Onlinary  phosphorus  is  eapccially  distinguished  by 
ita  rmdy  inflammability,  the  bright  flame  and  dense  white  fumes  of  phosphoric  anhy- 
dride produced  by  itt  rapid  combustion,  and  by  the  pculiar  odour  aoa  luminosity 
in  the  dark  reaulting  &om  its  slow  combustion  at  ordinary  temperatures.  OlIb  and 
fiitty  substances  mixed  with  flnely  divided  phosphorus  likewise  shine  in  the  dark  with 
a  greettish-white  light.  Small  quantities  of  phosphorus  in  the  statt;  of  vapour  or  me- 
chanically su5pend«>d  particles,  impart  a  peculiar  greenish  colour  to  the  flame  of  hydro- 
gen and  other  combuetible  gasiw* 

When  the  quantity  of  free  phosphorus  mixed  with  any  subatance  is  too  small  to  pro- 
duce luminosity,  it  might  be  detected  by  oxidising  it  to  phosphoric  acid  by  means  of 
nitric  ucid  or  hydrochloric  acid  and  chlonite  of  potassium,  and  testing  for  phosphoric 
acid  by  the  usual  methods.  Bat  when  pho«>hom8  has  to  be  seardied  for  m  caaes  of 
poisoning,  this  method  i^  of  no  value :  for  phosphoric  acid  ia  contained  in  most  of  the 
tissues  and  fluids  of  the  animal  body*  and  in  the  majority  of  substances  which  ur*^  used 
AS  food.  To  obtain  the  rrnetions  of  this  arid  in  the  8ubstj*nce  tinder  examiujition, 
affords  therefore  no  proof  tbut  phosphorus  baa  been  administered  ;  the  only  satisfactory 
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.evidence  of  such  administration  is  to  prodnce  the  phosphorus  in  the  free  state,  or  at 
least  to  exhibit  its  luminosity. 

The  process  generally  used  for  this  purpose  is  that  derised  by  M  i  t  s  c  h  e  r  1  i  e  h  ( J.  pr. 
.Chem.  brn.  238  ;  Jahresb.  1865,  p.  779).  The  suspected  substance  is  distilled  with 
water  aod  sulphuric  acid  in  a  flask  fitted  up  with  a  delivery-tube  bent  twice  at  right 
anffles  and  dipping  into  a  receirer  containing  water,  which  must  be  kept  cool :  for  gases 
and  Tapours  containing  free  phosphorus  do  not  exhibit  luminosity  when  their  temper- 
ature is  raised  above  a  certain  pomt.  The  distillation  is  performed  in  the  dark.  As 
soon  as  the  vapours  arrive  in  the  cool  part  of  the  tube,  a  continual  phosphorescent  light 
is  observed  therein,  generally  in  the  form  of  a  shining  ring ;  at  the  same  time  globules 
of  phosphoms  are  deposited  in  the  receiver.  In  this  manner  1  pt.  of  phosphorus  may 
be  detected  in  100,000  pts.  of  substance.  The  luminosity  of  phosphorus  is  however 
prevented  by  the  presence  of  certain  volatile  substances,  among  others  by  ether,  alcohol, 
oil  of  turpentine  and  ammonia.  Ether  and  alcohol  being  very  volatile,  quickly  pass 
off  at  the  commencement  of  the  distillation,  so  that  their  disturbing  influence  is  soon 
eliminated ;  oil  of  turpentine,  on  the  contrary,  would  prevent  the  phosphorescent  appear- 
ance during  the  whole  of  the  distillation ;  but  this  substance  is  not  likely  to  be  present  in 
matters  which  become  the  subject  of  medico-legal  investigations.  Ammonia  if  present 
will  be  retained  by  the  sulphuric  acid  in  the  flask. 

Scherer  (Ann.  Ch.  Fharm.  cxii.  214),  modifies  the  preceding  process  by  filling  the 
apparatus  before  commencing  the  distillation,  with  carbonic  add  gas,  which  is  easily 
effected  by  throwing  a  few  lumps  of  chalk  into  the  flask  containing  the  acid  liquid. 
The  phosphorescence  in  the  tube  is  then  seen  just  as  before  (the  oxygen  being  of  course 
not  completely  expelled),  but  the  conversion  of  the  phosphoms  into  phosphorous  acid  is 
in  a  great  measure  prevented,  so  that  a  larger  portion  of  it  is  collected  in  the  free  stato. 
The  water  in  the  condensing  vessel  shines  strongly  when  agitated  in  the  dark,  and 
gives  a  blackish  precipitate  with  nitrate  of  silver. 

Small  quantities  of  phosphorus  diffused  through  organic  matter  may  be  collected 
and  approximately  estimated  by  means  of  sfdpkur.  The  substance  under  examination 
is  mixed  in  a  tubulated  retort  with  dilute  sulphuric  arid,  a  few  pieces  of  sulphur  are 
added,  and  the  whole  is  distilled  for  about  half  an  hour.  The  distillate  frequently 
contains  small  quantities  of  phosphorous  and  phosphoric  acids  formed  by  oxidation  of 
the  phosphorus  V24x>urs.  It  may  be  treated  with  nitric  acid  in  order  to  convert  the 
whole  of  the  phosphorus  into  phosphoric  acid,  and  the  quantity  then  determined  by 
predpitation  as  ammonio-magnesian  phosphate. 

The  residue  in  the  retort  is  removed  after  cooling  and  the  lumps  of  sulphur  are  picked 
out  and  'Vfashed.  They  contain  all  the  free  phosphorus  in  the  original  substance  which 
has  not  passed  over  into  the  distillate.  If  the  phosphorus  is  in  excess,  its  combination 
with  sulphur  is  liquid  even  after  complete  cooling ;  in  the  contrary  case,  the  compound 
when  cold  is  a  soft,  pkstic,  crystalline  mass.  If  the  sulphur  contains  only  2  per  cent, 
of  phosphorus,  it  may  still  fume  on  exposure  to  the  air  even  after  drying,  and  turns 
black  when  moistened  with  silver-solution ;  the  latter  effect  is  produced  indeed  even 
when  the  proportion  of  phosphorus  in  the  sulphur  does  not  exceed  1  per  cent.  The 
phosphorised  sulphur  also  shines  in  the  dark  when  heated  to  100^.  By  digesting  it 
with  nitric  acid,  the  phosphorus  contained  in  it  is  easily  converted  into  phosphoric 
add,  which  may  then  be  precipitated  as  above.  (Lipowitz,  Fogg.  Ann.  xc.  600; 
Jahresb.  1853,  p.  641.) 

Dusart  (Compt.  rend,  xliii.  1126;  Jahresb.  1866,  p.  724)  employs  for  the  detec* 
tion  of  small  quantities  of  phosphorus,  the  production  of  phosphoretted  hydrogen  which 
takes  place  when  the  substance  containing  the  phosphorus  is  exposed  to  the  action  of 
fuucent  hydrogen.  The  substance  is  introduced  mto  a  generating  vessel  containing  sine 
and  dilute  sulphuric  add,  and  fitted  up  like  Marsh's  apparatus  for  the  detection  of 
arsenic  (L  362).  If  phosphorus  is  present^  the  evolved  gas  will  contain  phosphoretted 
hydrogen  and  will  burn  with  an  emerald-green  fiame.  The  green  colour  disappears  how- 
ever as  soon  as  the  end  of  the  tube  becomes  hot;  but  on  holding  a  piece  of  porcelain  in 
the  flame,  the  green  colour  again  becomes  visible  where  the  flame  is  in  contact  with 
the  cold  surface.  If  the  end  of  the  tube  be  curved  and  made  to  dip  under  mercury, 
with  only  the  very  extremity  projecting  above  the  surface,  so  as  to  keep  it  constantly 
cooL  the  gas  will  give  a  continuous  emerald-green  flame,  surrounded  by  an  outer  pale  blue 
envelope.  Blondlot  (Compt.  rend.  lii.  1197;  Jahresb.  1861,  p.  821)  recommends 
the  use  of  a  flne  platinum  jet,  in  order  to  avoid  the  yellow  colouring  of  the  flame  pro- 
duced by  the  sodium  in  glass.  As  commercial  zinc  often  contains  phosphorus,  and  it  is 
therefore  necessary  to  use  pure  distilled  zinc  which  yields  but  a  slow  stream  of  gas,  he 
collects  the  gas,  before  igniting  it,  in  an  apparatus  somewhat  like  a  Dobereiner^s  pla- 
tinum-lamp. The  green  colouring  of  the  flame  is  more  or  less  interfered  with  by  the 
presence  of  organic  matters,  namely,  alcohol,  ether,  volatile  oils  and  soluble  animal 
•nbstances.       In  such  eases  the  gas  may  be  pa»»ed  through  a  dilute  solution   of 
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'kilrvr-Qitrntf*,  ^nd  the  (jolting  precipiUte  treated  in  another  bTdrogien  apparatut  as 
abore.  By  thi^  m^ana  nlso  the  preeence  of  phoephorns  may  be  detected  after  gradual 
ozidatioD^  and  when  it  no  longer  eKbibitii  luminosity  in  Mitaeheiiich'a  apparatus. 

Freaenius  and  Neabauer  (Andyt.  ZeitAchr.  p.  336)  object  to  the  preceding 
procteaa^  that  the  large  (quantity  of  zinc-salt  produced  in  the  liquid  interferea  with  the 
cabmnent  examination  for  metallic  poiaons;  they  therefore  prefer  dri^nng  out  the 
piboif^onu  by  a  etream  of  carbonis  anhydride*  For  tbis  purpose  thefia«<k  conidning 
the  fuspected  Bobstance  and  the  diiutft  sulphuric  add  is  connected  with  an  uppanitua 
for  generating  carbonic  anhyiirlde,  and  is  also  provi-ied  wHth  a  delivery-tnbe  connt'Cted 
with  a  U-tnbe  oontaimng  a  neutral  solution  of  uitrattL^  of  t^iiver.  The  whole  apparatus  ia 
Araillllad  with  carbonic  anhydride,  the  flask  then  heated  to  60^  or  70'^  for  sereral  houra, 
the  etream  of  gaa  being  kept  np  all  the  time  ;  and  the  precipitate  formed  in  the  eitver- 
aulution  ia  ool^cted^  carefully  waahcd,  and  treated  iua  hydrogen  apparatus  us  aborn. 

Scherer  (Ann.  CIi.  Pharm.  cxii.  224)  employs  for  the  dett-otion  of  phosphorus  a 
process  dependiujz  upon  its  volatility  and  its  reaction  with  sitver-boluiion.  A  piece  gf 
thin  filtering  paper  moistened  with  nitrate  of  ailTer,  and  suspended  over  a  fdightly  warmed 
liquid  contauiing  free  pbosphoms^  soon  becomes  blackened,  the  silver  boiug  reducKl  by 
the  pbospboms.  As  however,  the  blacken iug  might  proceed  fram  ^ulphydric  acid  evolved 
from  tbe  liquid,  it  is  neeessary  in  the  flrst  inHtauce  to  suspend,  in  the  flask  containing 
the  addnlated  liquid  under  eicaminatio8f  a  strip  of  paper  mciistened  with  solution  of 
nitropfussiate  of  sodium  or  acetate  of  lead ;  if  no  blueing  of  the  paper  takes  place  in 
the  one  caaeorblackeningintheotheritmaybeinf -^  *  *'  *  *'^  i  ...;.j,i  ...  ,,  i  ..;.f*oil 
sulpbydric  acid,  and  the  blackening  of  the  paper  tn  hen 

be  attribnted  to  the  presence  of  phosphorus.     If  a  .  ,  .  i.os- 

phide  is  formed*  it  may  be  oxidised  by  chlortDe^water,  aud  tha  n^uiuug  sc»lutiuu  irsted 
for  phosphoric  acid  with  a  magDesium-ealt  or  with  molybdate  of  ammonium.  It  ia 
necessary,  however,  to  make  a  corapardtive  experiment  with  an  equal  portion  of  the  clean 
paper,  as  phosphoric  acid  may  be  already  present  in  it,  Presenius  and  Neubauer 
\loc,  cif.)  observe  also  that  the  blackening  of  the  paper  may  ari^  f]x>m  certain  acids  gene- 
rated in  the  process  of  putrefaction,  and  would  therefore  in  some  cases  give  uncertain 
indications. 

For  the  more  certain  detection  of  phosphorujt  in  aU  cases  in  which  it  is  not  already 
wholly  converted  into  pho*tph oric  aci d,  F r e s e n i  ti s  and  Neubauer  recom mend 
the  following  series  of  operulions;— 1.  ll  mubt  be  a**cen a ined  whether  the  substance 
shines  in  the  dark  wh^n  uiritnted,    A  smull  portion  is  theu  to  be  tested  by  Scherer' a 

method  with  strips  of  f "  ■  ■  ,  '  ' '     ,  ,je  with  silver-  the  otherwith  lett<l-pohil(on  ; 

if  only  the  former  is  I  is  most  probably  pit-sent. — 2,  A  pert  ion  of 

the  suspected  subslan  iitrlich's  prxn-**  (p.  520),    If  no  phosphor 

I  is  observed  in  the  tube,  and  no  free  phosphorus  collects  in  the  distillate^  the 


latter  is  to  be  tested  in  the  hvdit>gen  apfKirutus  (d.   520).— 3.  If  tlie^e  experiroentb 

S've  only  negative  rosultp»  the  fubstimce  is  to  be  heated  in  »  stream  of  otrlK>nic  anhydride, 
egaspass^  through  ^rer-solulion  above  doscri bed,  and  the  result  iLg  precipitate,  if  any, 
treated  in  the  hydrogen  apfoiratos.—^  4.  Tho  quanitfi/  uf  yho^thorus  present  may  be  de- 
termined in  another  j^rtion  of  the  substance  by  Mitiich«^rli(.'b's  process  as  modified  by 
Scherer  (p.  520),  The  tlusk  which  servi**  as  a  receiver  is  to  be  cuunected  air-tight,  on 
ihe  one  side  with  the  condensing-tube  which  dips  into  the  water  in  the  receiver,  on  the 
other  side  with  a  U-tnbe  containing  ntutrul  silver-solution  ;  the  distillation  ia  kept  up 
for  2i  hours.  If  any  globules  of  phosphorus  collect  in  the  receiver,  they  may  be  ctjI- 
h'Cted  and  weighed.  The  liquid  distilhite  is  then  to  be  mixed  with  the  contents  of  the 
U-tube^  oxidised  with  chlorint^-water,  and  the  resulting  phosphoric  acid  determined  in 
the  usual  way. — 6.  Phosphorii^ed  substances  which  have  been  exposed  to  the  air  ^ 
some  time  may  still  contain  part  of  the  phosphorus  in  the  form  of  phosphorous  acid. 
Jn  this  case  the  residues,  which  in  the  preceding  experiments  have  git»-n  only  negative 
resttlta,  are  to  be  treated  as  abore  described  in  the  hydrogen  apparatus,  the  evolutjoii 
of  hydrogen  being  kept  up  for  several  hours,  while  ihe  apparatus  is  warmed  in  the 
water-bath,  the  evolved  gus  passed  through  a  U-tuba  containing  silver^solution,  and 
the  precipitate  examined  for  phosphorus  aa  alcove. 

Atomic  W$ighi  e/  Phosphoru»,^The  atomie  weight  of  this  element  was 
eofpectly  determined  by  Berzelius  in  1^16  (Schw.  J.  vii,  43V  J3y  decomposing  tri* 
chloride  of  gold  with  phosphorus,  he  found  in  one  experiment  that  0'S2d  grm« 
phosphorus  threw  down  6*7 1*  gnu.  gold,  and  in  another  0  "54  gnu.  phosphorus 
threw  down  7 '93  grm.  gold  :  hence  from  ilie  equition  5AuCl*  +  P'  ==  SPCl*  ~i-  Att*^ 
taking  the  atomic  weight  of  gold  at  196,  the  mean  of  the  two  experiments  givea  ; 
P  «  1  583  X  100  X  5  ^  ^jQ^ 
"  I66i4    »    3 

A  similar  cxi^ment  with  nitrate  of  silrer  gmvo  P  -  31 '34. 
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PelottSi^  IB  1847  (Compt  rend.  zz.  1047X  ^  daeompoang  aAmMwtkttim.^ 
■fliw  iiiiiiilii  ■itii  tzieUonde  of  phoqihonn,  dbtaiMd  >  bi§lig  Mrtir,  'm.  8>;  Vit 
tiM  Mnlt  fint  obtatned  by  Benriiiis  hu  been  fliHj  oonflnDMbj  the  more  recent  And 
TCiy  onrefal  ezperimentB  of  Schrotter  in  1863  (Ann.  Ch.  Phnnn.  Ixzz.  202),  and  of 
I) n ma 8  in  1860  {Hid.  cxiii.  28). 

Schrotter  burnt  weighed  quantities  of  amorphone phoephoros  in  a  stream  of  drj 
oxygen,  the  apparatus  being  so  arranged  that  no  phoephoric  anhydride  could  be  lost. 
In  ten  experiments  thus  made,  100  pts.  phosphorus  yielded  from  229*30  to  228-78  pCs. 
phoephonc  anhTdride,  FK)*— mean  228*92 ;  whence  the  proportion  P* :  P*  -i-  80  » 
100  :  228*92  gives  P  —  8103. — Dumas,  by  deoompoamg  very  pure  triehloride  d 
I^^osphoms  with  a  standard  solution  of  silver-nitrate  (2PCP  -l-  3Ag*0  «  PK)*  -f 
•AgCl),  obtained  in  fire  experiments  the  following  results : — 

1*787  grm.  TO*  required  4*208  silrer  :  therefore  P  »  31*01 
1*466  ,,  3-464  »  81-00 

2066  „  4*844  „  81*00 

2*926  „  6*890  „  31*04 

3*220  „  7*682  „  3109 

F^m  all  these  results,  the  number  31  is  now  uniTersally  adopted  at  the  afcomia 
weight  of  phosphorus. 

raOSVKOSim,  niVOBSMI  or.  PF*.  A  rery  volatile  compound  first 
obtained  by  Davy,  and  further  examined  by  Dnmaa  It  is  prepared  uj  distilling 
fluoride  of  lead  or  mercury  with  phosphorus,  a  phosphide  of  the  metal  then  remaining, 
while  fluoride  of  phosphorus  distils  over.  It  is  a  colourless  inflammable  liquid,  whi» 
fames  strongly  in  the  air,  and  is  said  to  yield  by  combustion,  phosphoric  anhydride  and 
fluorine.    Water  oonyerts  it  into  phoephorous  and  hydrofluoric  acids. 

raOSmOSim,  XnmATB  or  r  The  white  cmst  which  forms  on  the  sur- 
UcB  of  phosphorus  immersed  in  water,  is  said  by  PeIouz^  to  be  a  hydrate,  P'.HH) ;  but 
it  appears  rather  to  be  an  allotropic  modification  of  phosphorus  (p.  603). 

rBOSTBOSra*  XTSAIBBS  or.    (See  Htdrogek,  PHospHiDia  or,  iiL  199.) 

rsOSTBOSirSf  ZOBDBS  or.  Two  of  these  compounds  are  known — ^namely, 
the  tii-iodide,  analogous  to  the  trichloride  and  tribromide ;  and  the  di-iodide,  of  which 
there  is  no  chlorine  or  bromine  representative.  The  di-  and  tri-iodide  are  prepared  by 
di«olTing  phosphorus  and  iodine  together  in  sulphide  of  carbon,  and  cooling  the  liquid 
artificially  till  crystals  are  deposited.  Whaterer  proportions  of  iodine  and  phosphorus 
may  be  used,  these  two  compounds  always  crystallise  out,  mixed  with  excess  eitner  of 
iodine  or  of  phosphorus. 

The  di'iodidej  PP,  melts  at  110^,  forming  a  red  liquid,  which  condenses  to  a  light 
red  solid.  It  is  soluble  in  sulphide  of  carbon,  and  is  deposited  therefirom  in  flattened 
prismatic  orange-coloured  crystals.  It  is  decomposed  by  water  into  hydriodie  and 
phosphorous  acids,  with  a  deposit  of  yellow  flakes.  With  glycerin  it  yields  tritylene- 
gas,  a  distillate  of  water,  andiodo-tritylene  (iodide  of  allyl),  and  a  residue  of  oxygen- 
acids  of  phosphorus  together  with  ttee  iodine,  undecomposed  glycerin,  and  a  trace  of 
red  phosphorus.    The  principal  part  of  the  reaction  appears  to  take  place  thus: 

C»H"0>     +     PP      -     C?H»I     +     PH«0«     +     I. 

Glycarin.  Iodide  of  Phocpiio. 

allyl.  rous  acid. 

This  iodide  appears  also  to  be  formed  on  dissolving  a  small  quantity  of  iodine  is 
melted  phosphorus  and  heating  the  mixture  to  about  126^,  and  to  be  subsequently  de- 
composed, yielding  amorphous  phosphorus  (p.  604).  When  phosphorus  is  melted  in 
a  flask  fllled  with  carbonic  anhydride,  iodine  projected  through  an  upright  tube  reaching 
nearly  to  the  phosphorus,  and  a  gentle  heat  applied,  violent  action  takes  place 
attended  with  development  of  intense  heat  The  product  is  a  very  hard  semi-metallic 
black  mass  of  amorphous  phosphorus,  yielding  a  ml  powder.  The  first  stages  of  the 
reaction  is  the  formation  of  an  iodide  of  phosphorus,  probably  the  di-iodide,  in  which 
the  phosphorus  exists  in  the  amorphous  modification.  This  compound  is  then  decom- 
posed, with  separation  of  amorphous  phosphorus  and  formation  of  a  more  volatile 
iodine-product,  which  reacts  upon  a  second  portion  of  phosphorus,  reprodudn^  the 
first  decomposible  iodide,  and  so  on  continually.  In  this  manner  a  small  quantity  of 
iodine  can  convert  an  almost  indefinitely  large  quantity  of  phosphorus  into  the  amor- 
phous modification.    (Brodie,  Chem.  Soc.  J.  v.  289.) 

Tri'iodide  of  PkospAoruM  or  Phosphorous  Iodide,  PP, melts  at  66^,  and 
crystallises  in  well-defined  prisms  on  cooling.  It  is  very  soluble  in  sulphide  of  carbon, 
and  is  deposited  therefrom  in  dark-red  hexagonal  plates.  It  abeorbs  moistnze  from 
the  atmo^here,  forming  hydriodie  and  phosphorous  adds. 
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Fmtu*todide^  TV  ?  Gay-LuMae,  hj  beating  1  pt  of  phospbomia  witli  20  to  24  pU.  of 
iodine,  obtained  a  black  eabstano^  wbieh  melted  at  40^»  aoa  waa  eaid  to  be  deoompoeed 
bj  water  into  bjrdrcK*hloric  and  phoepborie  acida.  Tbi*  decompoaitioo,  and  tbe  pzt>- 
portions  of  iodine  and  phosphoros  ns«d  in  tbe  preparation,  would  indicate  tbat  the 
compoand  ie  a  penta-iooide,  but  it  requirei  re-examin&tion.     {BcrsHiuii  LekrbvcK.) 

yaOB9XOKU8,  HlTMlilS  OF.  Th^  compoand  obtained  by  saturating  tri- 
cbloridn  of  pho»f>honi8  with  ummonia-gaa  and  heating  tho  product  in  a  cum?ot  of 
carbonic  anhydride  (H,  Kose),  or  by  paasing  the  impoup  of  tricMoride  or  penta chloride 
of  phoepborus  orcr  heated  wtl-<immomac  (Wohler  and  Lie  big),  was  originally 
attppoead  to  be  a  di-nitride  of  phoaphorus,  PN^;  but^  at^cordinff  to  Gerhardt,  the 
proauct  obt-ained  by  either  of  theae  proceases  oontaina  hydrogen,  and  consiata  of  phos- 
phaiu,  PHX»(p.  497). 

raoSPHOltfrB,  OZX3>mS  AX^  OXTOBM-ACESB  of.  Three  Anhy> 
dtom  oxidcfi  of  phosphorua  are  known,  namely «» 

Baboxide  of  Phoephoma  .        .        .        /       .        «        ,        «    F^O 

TrioxideofFhoapbonia,Fhoaphoroua  Oxide,  or  Anhydride         ,    P*0*  *-  p^[0* 

Pentoxide  of  Pboephoroa,  Phosplioric  Oxide,  or  Anhydride        .     P*0*  ^    pf[^» 

Tbe  aeoood  and  third  of  these  oxidea,  which  are  anidogous  in  compoHirion  to  tbe 
chloridea  and  bromides,  unite  with  water,  forming  phosphorous  acid,  P'O\3H*0 
or  PH«0*,  and  phosphoric  acid,  P*0*,3H*0  or  PH*OV  There  is  also  another  acid 
of  phosphorus,  viz,  hypopbosphorous  aeid,  PH*0',  to  whi«;h  thTe  is  no  corre- 
sponding anhydride.  The  protoxide  of  phosphinp,  PH'O,  is  not  known  ;  but  it  la 
represented  by  the  compounds  PCI»0  and  F(C»H*)*0. 

The  three  adds  just  mentioned  all  contain  3  atoma  of  hydrogen,  having  in  fact 
the  composition  of  oxides  of  pbosphino,  PH' ;  nevertheless  they  bare  not  the 
aame  bMieity,  phosphoric  acid  alone  being  properly  tribasic«  that  is,  capable  of 
eijphaiiging  all  its  three  hydrogen-atoms  for  an  equiral^nt  quantity  of  metal,  whMPeas 
phoaphofons  acid  ia  dibasic,  and  hypophosphoroua  add  monobasic;  tboa: 

HypophoaphcTOQf  add PH»0*  -  H.PjrO* 

Phosphorous  add     •        *        * PH^O*  -  H'PHO" 

Phoaphoric  acid PHH)*  -  H^PO*. 

There  are  also  certain  adds  n«nlting  from  the  dehydration  of  pboephorie  add — riz., 
pyrophosphoric  acid,  H*P*0'  —  2H'PO*  —  H'O,  metaphosphoric  acid, 
too*  =  H*PO*  —  2H«0,  and  several  polymeric  modifications  of  tbe  Utter,  which  will 
be  noticed  hereafter. 

The  relations  of  hypophoephoroua,  phoaphoroiiisv  and  phosphoric  adds  to  one  another 
and  to  phosphorettfd  hydrogen  or  pbo«phine  are  remarkable.  Hypophosphoroua  acid, 
H*PO*,  naw  not  bwn  obtained  directly  from  phcuphine ;  but,  on  the  other  hand»  it 
yields  phoephine  by  deoxidution,  as  for  example  when  due  is  diasolred  in  the  aqueous 
add,  either  alone  or  mixed  with  sulphuric  add.  The  solution  of  hypophccphorous  acid 
when  expoaed  to  the  air  i»  gradually  conTerted  into  phosphorona  add,  and  finally  into 
phosphoric  add.  When  heated  by  itself,  hypopbosph^oua  add  is  resolved  into 
phosphoric  add  and  phosphine :  2H*P0*  -  H*PO*  +  H^. 

Phosphorous  acid  retfults  from  the  slow  oxidation  of  pboftphine.  ConTersely,  when 
pbcttpboious  acid  is  acted  upon  by  dnc^  or  cine  tuid  sulphuric  add,  it  is  deoxidised  to 
phospbine.  Phosphorous  acid,  when  exposed  to  tbe  air^  takes  up  oxygen,  and  is  con* 
verted  into  pboephorie  acid.  Wlien  heated  by  itself,  it  breaks  up  into  phosphoric  add 
andphoipbine:  4HTO»  =  3H'PO«  +  H'P, 

Phosphoric  acid,  H'PO*t  results  from  the  combustion  of  phosphine  in  air  or  oxygen ; 
also  from  the  decomposttion  by  heat  and  direct  oxidation  of  hypophosphoroua  and 
phosphorous  acids.  It  is  much  more  stable  than  either  of  the  other  two  adds,  but, 
tke  them,  may  be  made  to  yield  phosphine  by  deoxidAtion,  namely  when  treated  with 
pota«Hium  nir  sodium, 

fliiboxii]«  of  ptioapbonia.  P*0.  When  phoaphoma  is  burnt  in  air  or  oxygen, 
a  solid  orange-coloured  matter  is  left  behind^  which  slowly  deliqnesces,  forming  phc^ 
phoroufi  acid.  A  similar  substance  is  formed  in  larger  quanti^  by  naadng  a  current 
of  oxygen-gas  through  phosphorus  melted  under  hot  water.  This  body,  when  dried  by 
pressure  between  filtor>paper  and  froed  from  phosphorus  by  treatment  with  sulphide  of 
carbon,  leaves  a  dark-red  reddue  which  has  been  deacnbed  as  a  definite  oxide  of 
phosphorus,  but  ia  now  genemlly  n^rded  as  amorphous  phosphorus  contaminated 
with  a  little  phosphorie  acid.  L«  Terrier  (Ann.  Ch.  Phann.  xxrii.  167)  noticed  that 
when  small  niecea  of  pbospborui  covered  by  a  layer  of  trichloride  of  phosphorus  were 
exposed  to  the  air,  a  peculiar  yellow  substance,  soluble  in  wak^r,  was  produced.      Al 
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9M  tncrcAMd  tnspentiire  the  loIntioD  deoompoeed  (nto  pbotfphorie  acid,  and  a  llooea- 
lent  siibatanoef  wnich,  when  dried  in  a  racanm  over  oil  of  ritriol,  left  a  eanaiy-yellov 
powder,  the  oompoeition  of  which  was  repreaented  bj  the  formula  PH>.  It  coold  be 
pTMerred  for  aojr  leii(rth  of  time  in  dry  air.  When  heated  it  acquired  a  bri^t-red 
colour,  but  was  anaffect<^  in  composition  by  a  temperatarp  of  300^ ;  when  more 
strongly  heated  it  took  fire.     (See  Gmelin's  Handbook,  u.  110.) 

BjpopliosplMroua  Aeid  tkxM  Salts. 

Htpopmosphobous  Acid,  H*P0',  is  obtained  by  decomposing  the  barium-salt 
with  an  eqviyalent  quantity  of  sulphuric  acid,  or  the  lead-salt  with  sulphydric  acid, 
and  evaporating  the  filtrate  : 

BaTTIK)*     +     H«SO*       =       2H«P0»     +     Ba'^O* 
PbT^H^O*     +     H»S  «       2H'P0*     +     Ba^S 

It  is  a  Tiscid  uncry stall isable  liquid,  having  a  strong  acid  reaction.  When  heated,  it 
is  re&olved  into  phosphoric  acid  and  phos^hine :  2H'P0'  =  H«PO*  +  H*P.  Its 
aqueous  solution  is  a  colourless  mobile  liquid,  which  when  exposed  to  the  air,  is 
oxidised  to  phosphorous  and  phosphoric  adds.  It  reduces  the  salts  of  silver  and  gold, 
with  precipitation  of  the  respective  metalsL  It  also  reduces  solution  of  mercuric  chloride 
with  precipitation  of  calomel  or  of  metallie  meicury,  according  to  the  proportion  of  acid 
used  and  toe  temperature  at  which  the  reaction  takes  place.  By  ^inc  and  sulphuric 
acid  it  is  deoxidised  to  phosphine,  PH",  which  is  given  off  as  gas.  Heated  with  solu- 
tion of  eupric  sulphate  to  65® — 60°,  it  forms  a  precipitate  of  cuprous  hydride,  CuH 
(Wurtz:  see  Copfhb,  ii.  66).  This  reaction  distinguishes  hypophosphorons  from 
phosphorous  acid,  which  it  otherwise  much  resembles. 

SjrpopbosplittM.— MPHH)*,  or  M'P'II^OS  according  to  the  atomicity  of  the 
metaL  These  salts  are  prepared:  1.  By  neutralising  the  acid  with  bases. — 2.  By 
boiling  phosphorus  in  alkaline  solutions ;  thus  with  lime  or  baryta-water : 

ZCaTBH}*  +   P«  +   6H»0     =     3Ca"H«P«0*   +    2PH«. 

The  hypophosphite  of  calcium  or  barium  may  be  ciystaUised  out  by  cautious  evapora- 
tion. When  phosphorus  is  boiled  with  an  aqueous  solution  of  potassic  hydrate  a 
similar  reaction  takes  place,  but  much  phosphate  of  potassium  is  likewise  formed;  such 
is  not  the  case,  however,  when  an  alcoholic  solution  of  potash  is  employed.  Hypo- 
phosphites  are  also  formed,  together  with  phosphine,  by  the  action  of  water  on  the 
impure  phosphides  of  barium,  calcium,  and  strontium,  obtained  by  heating  phosphorus 
with  the  anhydrous  earths  (i.  607,  719).  The  reaction  appears  to  be  much  the  same 
as  when  a  mixture  of  lime,  &c  and  phosphorus  is  acted  upon  by  water. — 3.  By  double 
decomposition:  the  magnesium-salt,  for  example,  is  prepared  by  boiling  hypophosphite 
of  calanm  with  oxalate  of  magnesium. 

The  hvpophosphites  are  crystallisable  salts  soluble  in  water,  and  many  of  them 
also  in  alcohoL  Some  contain  water  of  crystallisation.  When  dry  they  are  permanent 
in  the  air ;  but  their  solutions  are  gradually  oxidised  on  exposure,  especially  at  the 
boiling  heat  When  boiled  in  alkaline  liquids,  they  are  decomposed  into  phosphate 
and  hydrogen :  e.  g. — 

KPH«0*  +   2KH0     -     K»PO*  +   H*. 

The  dry  salts  decompose  when  heated,  giving  off  phosphoretted  hydrogen  (hence  they 
are  veiy  inflammable),  and  leaving  a  residue  of  pyrophosphate :  e.  g, — 

2BaT«H«0«     «     2PH»   +  H«0   +  Ba'P'O'. 

The  hypophosphites,  like  the  aqueous  acid,  act  as  powerful  reducing  agents,  espe- 
cially with  aid  of  heat  With  nitrate  of  silver  they  form  a  white  precipitate,  which 
quiddy  turns  brown  and  is  converted  into  metallic  silver. 

Quantitative  Analysis  of  Hvpophosphites. — The  quantity  of  phosphorus  in  a  hypo- 
phosphite may  be  determined  by  converting  it  into  a  phosphate  by  oxidation  with 
nitric  acid :  the  oxidation  is  not,  however,  complete  till  the  solution  has  been  evaporated 
down  nearly  to  a  syrup,  and  has  attained  a  high  temperature.  The  calcined  residue 
consists  of  a  metaphosphate,  MPO*  or  M"P*0*,  from  the  weight  of  which,  if  only  one 
base  is  present,  the  amount  of  phosphorus  (or  the  equivalent  quantity  of  hypophos- 
phorons acid,  H'PO*,  if  required)  may  at  once  be  calculated.  If  more  than  one  base  is 
present,  the  residual  salt  must  be  analysed,  by  the  methods  hereafter  to  be  described  for 
phosphates^  and  the  quantity  of  phosphorus  therein  determined. 

If  a  hypophosphite  contains  water  of  crvstallisation,  its  amount  must  be  determined 
hy  comparing  the  original  weight  of  the  nypophosphite  with  that  which  correspondr 
with  ♦>»*  weight  of  metaphosphate  actually  obtained;  or  the  metaphosphate  may  be* 
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lumJjsed,  be  quant itiea  of  add  and  bnae  in  the  hjrpopbosptijU  thence  determined,  and 
tbe  w&ter  estimated  by  differenc^c 

A«  nil  bjpopboepbitea  are  soluble  in  water,  the  bates  may  be  predpitated  from  tbeir 
Bolntioas  by  tbe  ordinary  reagents,  »iilpbjdncacid,  anlpbide  of  ammoaiimi,  alkalis  &c. ; 
the  hypophoaphorooe  add  may  th«^n  be  co^rerted  into  phoipborie  aeid  by  oxidatiou 
with  nitric  acid,  or  better,  with  hydrochloric  acid  and  chlorate  of  potasBiam ;  and  tha 
lihospboric  add  predpitated  an  ammonio-inagn^sinn  phoaphat^. 

The  quantity  of  phoapboroH  in  an  aqueous  solution  of  hypophospboroua  acid  con- 
tliniug  no  fixed  baee,  and  no  otber  flcrd  except  nitric  acid,  la  paaily  determined  hj 
jvddiiig  to  the  folution  a  known  weight  of  r^c«ntly  caldnp^l  oxide  of  lead^  tben  adding 
nitric  ar^  >  — "  — ?ting  to  dryness,  and  oalciaing.  Tho  rt-aidue  oonsistB  of  a  mix- 
ture of  iioaphute  of  l+^iid.  and  on  df^iiicting  tlie  original  weight  of  lead-oxide 
added,  til  »^  gives  the  wdght  of  phosphoric  anhydride  in  the  rcatdue — whence 
the  pbosphoma  may  be  calculated. 

Lastly,  hypophospboroua  aerd  mny  be  estimated  by  it^  ^^dnci^g  aetiQD  on  mercuric 
chloride,  1  at*  of  the  acid  predpilatiug  i  at.  mereuroua  chloride,  according  to  the 
equation : 

H-PC  +   iHgTl*  +  2IP0     =     4HgCI  +   H»PO«   +    4HCL 

The  aqucouB  solution  of  the  acid  or  of  a  hypopboiphite  ia  mixed  with  mercuric 
ehlodde  in  excf«8.  and  a  small  quantity  of  hydrochloric  acid,  and  gently  heated,  care 
being  taken  not  to  let  the  temperature  riae  above  60^,  aa  in  that  caee  a  portion  of  th«» 
mcftrury  may  l«  reduced  to  the  metallic  srate.  The  precipitated  calomel  ia  waabed  on 
a  filter,  dried  at  100",  and  wcigh^L  Aa  the  atomi.*  weight  of  calomel  is  very  conaidpr- 
abU%  and  aa  4  at.  of  it  corrfSfK^nd  to  only  1  at,  of  hypyphosphoroui  acid  or  of  phoa- 
phoroa  (4  k  235  .^  or  942  pts.  HgCl  to  66  pta.  H»PO^  or  31  pta.  P.),  the  determination 
may  b«  made  with  gr^'at  exnctnesfi. 

In  the  Bolution  fiUer*'d  from  the  precipitate  of  calomel,  the  bAsea  may  be  determiuetl 
by  the  onJinnry  meihmi^,  and  the  phoHphoric  iy?id  produced  by  the  oxidation  may 
also  be  [  ^  *    1  :ind  estimated,  aa  a  \   r  "     *         ^  -'  ding  r«-flult. 

The  f                      of  ^old  from  the  tri  horoua  acid  cannot  be 

employ cu  ._  :,.      Lliraatiou  of  the  ndd,  a^  .  wr  completjp. 

Hypophoiphite  of  Aluminium. — A  solution  of  alumina  in  the  cold  aqueoun 
add,  evaporated  under  the  air-pump,  learea  a  thick  fjum,  which  graduuily  driea  up  to  a 
Bbining,  gummy,  brittle  maat,  not  altered  by  exposure  to  the  air. 

IJypophotphite  of  >< mmoniMm,  (NH*)PH*0',  obtained  by  predpit^ting  the 
barium<«alt  with  auhthate  of  ammonium,  evaporating  the  filtrate  to  (Uyne^a,  and 
exhauating  with  alcohol,  crystalliaca  in  large  aix-aided  deliquaflceni  platea,  melting  at 
20iP  and  decomposing  at  240^. 

Hypophoaphiit  of  Barium.  Ba"P*H*0*,H=0, — Prepared:  1.  By  warming  (not 
boiling)  phosphoroa  with  excess  of  baryta-water  {p.  524),  predpitating  the  excesa  of 
baryta  with  carbonic  add,  and  evaporating  the  filtrate  to  the  cryBtaUising-poinf,— 
2.  instead  of  baryta-water,  the  ordmrtr)'  yellow  solution  of  barium  •sulphide  may  ba 
naed.  This  when  heated  with  pbosohorui^,  gives  ofiT  phospboretted,  snlphiiretted,  and 
pnre  hydrogen  gases,  and  forms  a  solution  of  hypophospbite  and  snlphydrate  of  barium. 
The  latter  may  be  decompoit^ed  by  carlximitt^  of  leotl,  and  the  filtered  solution,  con< 
taining  only  hypophosphite  of  barium,  crystallised  by  evaporation  aa  before* — 3,  The 
acdt  may  alia  be  prepared  by  dissolving  phosphide  of  btrium  (i,  607)  in  water. 

nypt»pho*<pliite  of  barium  crvstallii^^s  on  cooling  from  a  hot  satnrated  eolution,  or 
wheu  its  aqueouji  solution  i»  mixcxl  with  alcohol  till  it  begins  to  show  turbidil^,  usually 
in  nacreous  AexibU  needles  containing  1  at,  water  of  cryatallisatioo,  which  they  give 
off  at  100^«  They  are  permanent  in  the  air,  soluble  in  3  pis.  boiling  and  35  pta.  cold 
wnter,  insoluble  in  alcohoL 

The  aubydroua  salt,  Ba"FIl*0\  r*>mftina  behind  when  thehydrated  salt  ia  heated  to 
lOO'*,  and  tjeprates  directly  from  a  solution  evaporated  in  yacno  over  oil  of  vitriol ;  also 
wh(  n  th«^  Bolution  mixed  with  excesa  of  hypopbosphorona  add  Is  evaporated  by  beat. 
It  cr)'&tall]dea  in  Ahining  square  plates  unalt^'rable  at  100^,  but  decomposed  at  a  strong 
heHt,  The  aqueous  solution  of  the  salt  bested  with  caustic  potaah  quickly  gives  on 
hydrogen  and  deposits  phosphite  of  barium. 

Hypop hosph i i e  of  Ca d mium  separated  from  f be  solution  of  eadmic  carbonate 
in  the  cold  aqueous  add,  by  ovapomtion  under  the  air-pump»  in  small  indistinct 
crystals, 

H^pephosphitt  of  Calcium.  Ca"P*HW, -^Prepared  by  boiling  phosphorus 
with  excess  of  lime-water,  removing  the  water  us  it  i'%*njior}ifr84  and  purified  like  tbe 
barium-aaJt;  abo  by  dissolving  phnspbide  of  cfiicinm  in  water  (p.  524).  It  forms 
colourless  transparent  cry^tnls^  whicli,  uncording  to  II.  Rose^  are  rectangular  prisma 
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with  two bRMd,  ■Booth,  natrtotu  hetM,  while  the  other  fatn  are  ftliij  and  Um  waooeh. 
Aeeording  to  Wnitz,  the  salt  crystalHeee  in  obliqiie  six-mded  prisms.  It  has  a  bittw 
taste,  is  permaneDt  in  the  air,  diseohres  in  6  pts.  of  eold  and  in  a  not  maeh  smaller 
qnantitj  of  hot  water,  \a  msf^nble  in  strong  imd  hot  slightlj  aolnble  in  weak  aleohoi. 
The  crystals  do  not  giro  off  anything  at  300^,  hot  decompose  at  a  higher  tempef»- 
tare. 

Hypopkosphite  of  Ckromium,  2Cr"'fl»PK>*.7H*0,  or  (Ci«0*)TBPJ»«HW.5HW, 
is  obtained  by  decomposing  the  bariom-salt  with  chromic  sulphate  and  erapoiatiitt 
the  filtrate,  as  a  dark-green,  amor^oos,  fissored  mass,  which  gires  off  water  at  SO^ 
and  is  then  insohble  in  water  and  in  dihite  adds. 

H^^ophosvkite  of  Cobalt,  Co'T*HH)*.6HK),  is  prmred  by  diasolring  recenthr 
precipitated  oobaltons  hydrate  in  the  aqneons  add,  or  ij  decomposing  the  bnrinm  salt 
with  cobaltons  sulphate,  and  crystallises  by  eraporation  in  red  efflcffescent  octahedrons, 
iriiich  gire  off  their  6  at  water  of  oystallisation  at  100^,  and  aze  easily  solnble  in 
water. 

When  a  eolation  of  hypophoephite  of  caldom  is  heated  with  oxalate  of  cobalt,  no 
complete  decomposition  takes  place  eren  after  a  conddeiable  time,  and  the  cobalt-hypo- 
pho^hite  obtained  on  eraponting  the  filtrate  is  said  to  contain  only  8  at  water,  and 
to  be  less  efflosescent  than  the  preceding  salt 

Hypopho»pkite  of  Copper,  Ca'T*HK)«.— Prepared  like  the  cobalt-flalt  The 
bloe  solution  when  rezy  dilute  undergoes  scarcely  any  decompositaon,  eren  when 
heated ;  when  somewhat  stronger,  it  decraipooes  quickly  eren  at  Wr,  depodtins  cm»ms 
hydride,  CuH  (Wurts).  When  eraporated  in  a  Tacuum,  it  sometinies  yields  l^e  nit  in 
hbie  crystals.    (Wurts.) 

Hypopho$phit€  of  Glucinum, — The  solution  cTsporatedin  aTacnum  orer  oil 
of  Titnol  leaves  a  thick  gum,  which  dries  up  to  a  mass  harmg  a  ritreous  fracture. 

Hypopkospkites  of  Iron.— The  ferroua  salt,  FeT«H*0«.6H«0,  is  formed,  with 
erolution  of  hydrogen,  when  metallic  iron  is  diasolred  in  the  aqueous  add.  The 
solution  eyaporated  in  a  Tacuum  orer  oil  of  Titrid  deposits  the  salt  in  large  green 
octahedrons,  which  give  off  their  6  at  water  at  100°.  When  moist  it  oxidues  yery 
quickly  on  exposure  to  the  air. 

The  ferric  salt  is  formed  by  dissoMng  ferric  hydrate  in  the  cold  aqueous  add,  and 
•eparates  in  the  form  of  a  white  salt,  sparingly  soluble  in  the  free  add.  Ferric  hy- 
drate heated  with  hypophosphorous  acid  yields  ferric  phosphate  and  ferrous  hypophoe- 
phite. 

Bypophosphite  of  Lead,  PbT'HH)*,  is  most  easily  prepared  by  digesting  the 
aqueous  add  with  carbonate  of  lead ;  if  oxide  of  lead  is  used,  the  add  takes  up  an  ex- 
cess of  it,  forming  an  alkaline  solution  which  decomposes  when  evaporated,  depositing 
phosphate  of  lead  and  metallic  lead.  This  decomposition  may,  however,  be  prevented 
by  aading  a  slight  excess  of  add;  and  the  solution,  if  then  evaporated,  deposits  the  salt 
in  small  riiombic  prisms  often  united  into  plates.  It  is  very  sli^tly  soluble  in  cold, 
more  easily^  in  hot  water,  forming  a  slightly  add  solution  from  which  it  is  predpitated 
bj  alcohol  in  nacreous  scales.     It  is  permanent  at  100°,  but  decomposes  at  a  stronger 

The  solution  of  this  salt  easily  takes  up  an  additional  quantity  of  lead-oxide,  acquir- 
ing an  alkaline  reaction ;  it  then  decomposes  on  standing  and  more  quickly  if  heated, 
depositing  phosphite  of  lead  as  a  sandy  powder.  The  same  decomposition  is  induced 
bj  addition  of  basic  acetate  of  lead. 

The  aqueous  solution  of  the  neutral  salt  mixed  with  a  little  ammonia  deposits  a  small 
qnaati^  of  lead-hvdrate ;  and  the  filtrate,  which  perhaps  contains  a  double  sslt,  yields 
an  boihng  a  flocculent  predpitate  of  a  basic  salt,  said  to  contain  Pb"P^H>«.6Fb'0.6HK> 
or  Pb*Tra*0«.6Pb'^«0».H*0.    (H.  Rose.) 

Hypopkosphite  of  Magnesium,  Mg'T*HH)*.6H«0.— Prepared  by  double  de- 
eompontion ;  crystallises  in  large,  regular,  hard,  eiBorPScent  octahedrons,  essily  soluble 
in  water.    It  gives  off  6  at  water  at  100°  and  the  sixth  at  180°. 

Hypopkosphite  of  Manganese,  HnT*H^O^.HK),  prepared  in  like  manner, 
OTsUllises  with  difficulty  in  rose-red  scalenohedrons,  permanent  in  the  air,  giving  off 
their  water  at  100°. 

Hypopkosphite  of  Nickel,  NiT»H«0«.6HK).— Prepared  like  the  cobalt-salt; 
crystallises  in  green  cubes  or  octahedrons,  which  give  off  their  6  at.  water  at  100°. 
When  the  moist  crystals  are  heated  to  120°,  or  the  solution  to  100°,  partial  decompo- 
sition takes  place,  with  evolution  of  hydrogen  and  predpitation  of  metallic  nickeL 

Hypopkospkite  of  Potassium,  KPHK)'. — Prepared:  L  By  boiling  aqusous 
or  alcoholic  potash  with  phosphorus  as  long  as  phosphoretted  hydrogen  continiics  to 
escape,  then  decanting  the  solution  from  the  uodissolved  phosphorus,  and  misdng  it 
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with  icid  carbon&t«  of  potastimn,  in  order  to  oooTert  the  f^mAimog  oiufltit?  poUali  isto 
earbon&ta.  The  aoltition  is  tb^o  «T•^o^ltf^d  snd  the  ivtldue  treated  irith  Jiot  «tiT>iig 
alcohol,  which  dissolres  the  hjphoffphits  and  l«q&Tr^  the  carbonate,  the  forrnor  crjatal- 
liiiiig  out  aa  the  Bolution  ooot— 2,  By  di»coinpoaiijg  the  bahuro-salt  with  sulphat*  of 
potaHinm,  or  the  calciuni-imie  with  carbonate  of  potasaitim;  purified  aa  above  hf  tT«at- 
neitt  with  hot  aleoboL 

Hjpophoaphite  of  potasainm  ostiallj  formi  an  opaque  iiidigtiocUj  eiTatallioe  maaA, 
•omatimMi  howwcr  ezbibftiog  six-iided  plittes.  It  is  rerj  ddiqiieeicent.  mor^  io  than 
ehlorida  of  cakimn,  eaailj  aolable  in  wat#r  and  in  weak  Bpirit»  leas  soluble  m  ab<»oluta 
alcohol,  inaolubla  in  ether.    It  dova  not  loae  weight  or  undngo  any  alteration  at  KKT, 

Hypoph0$pkiti  of  5t7tffr.— Nitrate  t»f  Bilrer added  to  the  aolntion of  hjpopboa 
phita  lORoa  a  whit©  precipitate,  which  however  qoicklj  blackens  from  redaction  of  the 
metaL 

HjfpopAospAitt  of  Sodium,  prepared  liko  the  potaafinm^aalt^  OTstalltaM  in 
nacreooa  rectangular  tablea,  Bomewhat  leas  deliqueacent  than  tho  potaaaitun-aalc,  easily 
aolnble  in  water  and  in  alcoboL 

Hi/popkoinh%t€  of  Strontium.  St'T^*0\ — Prepared  like  the  barium-»iUt  with 
h jdrate  or  •ulptitde  of  strontium.  The  aolntion  when  evaporated  jielda  the  Halt  in  wait/ 
crjatala,  which  are  aaaiiy  aolnble  in  water,  inaoluble  in  alcohol^  permanent  in  tho  air, 
and  do  not  loee  weight  at  100^. 

HypophotphiUofZinc,  Zn''F»H<0*.HK>,  orwith  eH*0.— Obtwnodby  diaaolving 
»nc  or  nnc-oxide  in  the  aque«3ua  acid,  or  bj  decomposing  the  barium-salt  with  tine- 
aulpbat^.  Bj  evaporating  the  aolution  it  ia  obtain^,  ^omerim^a'in  r<>galjir  octahedroni 
containiDg  C  at  water,  very  effloreaoent,  and  losing  water  even  when  preeaed  b<»tween 
piper,  aometimea  in  rbombohedral  crjstidi  containing  1  at  water,  which  are  permanent 
m  the  air.  The  octahedral  lait  ti  moaUy  formed  by  spontaneoua  evaporation  of  a  not 
too  concentratad  solution ;  itgirea  off  iU  6  at  water  at  100^«  The  salt  ta  eaaily  soluble 
in  water. 

Vtioapboroiia  Ozlde,  Aold,  Mid  •&!%•. 

TftfoxiDB  or  Phosfhortjs,  PHospuoitot?a  Oxitia  or  A^RTDitinB,  PW. 
— The  only  reaction  which  yields  this  coropoaad  is  the  alow  combustion  of  phoaphorua 
in  dry  air  or  oxygen.  When  phosphorus  is  exposed  at  ordinan'  Icmperaturea  to  drj 
air  or  rarefied  oxygen,  it  glovs  and  becomes  coated  witli  trioxide;  but  the  n^action  la 
▼evy  imperfect.  The  ordinary  combustion  of  phoaphorua  in  air  producea  both  phoa^ 
phoras  at»d  phosphoric  oxidea,  together  with  soma  suboxide,  or  perhapa  amornboot 
piboaplioraa  (p.  523)«  Tba  beat  mode  of  prepanng  the  trioxide  is  to  bum  phoipDOftui 
in  a  Tery  slow  corrvot  of  perfisellj  dry  air ;  the  trioxide  then  coodeoaaa  Deyood  th* 
phosphorus  as  a  bulky  amcMfphona  sublimate. 

Phosphorous  oxida  Ibrma  large  white  flakes  readily  volatile,  and  emitting  an  alliaoaoiia 
odour.  When  quite  dry  it  doe*  not  redtlen  litmus-paper.  It  absorbs  atmoa^kherie 
moisture  with  avidity,  and  when  sprinkled  with  water  dissolves  rapidly  with  a  hiaaing 
noiae,  producing  phosphorous  acid,  P^O*   +   3H«0     -     2H»P0". 


Phosfhoaous  Acid,  H*P0* 


H  I 


This  acid  is  produced :  I.  By  the  aetioo 


of  water  on  the  anhydrida. — 2.  By  the  slow  oxidisation  of  pboephine,  this  gaa  when  left 
over  welNaerated  water  being  ^nwiually  absorbed,  with  formation  of  phoaphorona  acid; 
again  2  volumes  of  phosphine  unite  quietly  with  3  volumes  of  oxygen,  when  the  exploaion 
of  the  gaaee  is  prevented  by  cooling.^3.  By  exposing  sticks  of  pnosphorus  to  moist  air» 
phosphoric  acia  being  produced  at  the  same  time.    (Se«  PHOsraATio  Acm,  p.  499«1 

4.  By  the  action  of  phoaphorus  on  sulphate  of  copper.  When  phoaphorua  ia  introdacea 
into  a  solution  of  this  salt  (kept  saturated  by  the  immendoo  of  eryatala),  koA  left  to 
act  at  the  ordinary  temperaturo  and  with  the  Least  posaihle  aeceas  of  air,  copper  in  first 
reduced  and  then  conTerted  into  black  phoephide  of  copper,  and  a  very  acid  solution  is 
ultimately  obtained,  containing  nothing  but  phoaphorooa  and  suJpbnric  addn,  the  latter 
of  which  may  be  removed  by  cautious  addition  of  lime  or  baiyta.  (Sehif  f,  Ann*  Ch. 
Pharm.  ciiv,  200.) 

6,  By  the  action  of  water  on  trichloride  of  pbosphoPtw:  3HM>  +  PCI*  -  H^PO* 
-^  3Htl.  A  current  of  washed  chloriur  is  slowly  passed  f  hrooffh  a  layer  of  melted 
phosphorus  three  or  four  inchea  de^p,  covered  bv  six  or  eight  inches  of  water,  so  that 
<*Ach  babble  of  gaa  may  be  eompletely  Ab»orbcd  by  the  phosphorus.  The  trichloride 
thereby  produci^  is  immediately  decomposed  by  contact  with  the  water-  The  hydro- 
chloric acid  produced  in  the  reaction  is  expelled  by  evaporation.  Great  care  mnat  be 
tjien  to  avoid  exeeas  of  chlorine,  as  that  would  give  rise  to  tho  formation  of  phoephocie 
acid. 
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61  By  the  action  of  trichloride  of  phosphorus  on  oxalic  add :  1  at  of  the  trichloride, 
is  pound  upon  8  at  crystallised  oxalic  add,  contained  in  a  retort  having^  ita  neck, 
directed  upwards  or  provided  with  a  oondensing-tabe,  so  that  the  trichloride  which 
TolatiUaes  may  flow  back  again.  Violent  action  immediately  takee  place,  accompanied 
by  evolution  of  carbonic  anhydride,  carbonic  oxide,  and  hydrochlonc  add ;  as  soon  as 
it  is  oyer,  the  retort  is  to  bo  gently  wanned  while  a  stream  of  dry  carbonic  anhydride 
is  passed  through  it.  The  mass,  whicli  froths  at  first,  gradually  settles  down  into  a 
dear  liquid,  wluch  solidifies  to  a  radiate  mass  of  phosphorous  add  haying  a  slight  grey, 
colour.    (Hnrtzigand  Geuther,  Ann.  Ch.  Phorm.  cxL  159.) 

Properties  and  Reactions. — Phosphorous  acid  usually  exists  in  the  form  of  a  thick 
uncrystallisable  syrup,  but  may  be  obtained  in  the  crystalline  state  either  by  the  pro- 
cess last  described,  or  by  cooling  a  somewhat  concentrated  aqueous  solution.  The 
cnrstals,  which  contain  H*PO*,  melt  at  74°.  The  acid  in  both  states  is  deliquescent. 
When  heated  it  is  resolved  into  phosphoric  acid  and  phosphine :  4H*PO*  ■- 
8H*P0*  +  PH";  hence  when  heated  in  the  air,  it  undergoes  vivid  combustion. 
According  to  Hurtzig  and  Geuther,  the  crystalline  acid,  when  slowly  heated,  gives  off 
non -spontaneously  inflammable  phosphine,  producing  white  fumes. 

The  aqueous  solution  of  phosphorous  acid  is  a  strongly  add  liquid  which  oxidises  to 
phosphoric  aidd  on  exposure  to  the  air.  It  is  a  powerful  reducing  agents  decomposing 
the  salts  of  silver^  mercury^  and  gold  in  the  same  manner  as  hypophosphorous  add ; 
the  reduction  is  much  facilitated  by  saturating  the  acid  with  ammonia.  When  heated 
with  sulphurous  add,  it  yields  phosphoric  and  sulphydric  adds : 
3mP0»  +   H«SO»     =     3H»P0*  +  H»S. 

If  the  sulphurous  acid  is  in  excess,  the  sulphydric  acid  is  decomposed  and  snlphur 
separated.  If  the  phosphorous  add  contains  any  arsenic,  that  me^  is  entirely  pred- 
pitated  as  sulphide.  Arsenic  acid  is  reduced  by  phosphorous  add  to  arsenions  add, 
which,  if  the  materials  are  dry,  is  reduced,  by  fusion  with  excess  of  phosphorous  acid, 
to  a  dark-brown  powder  of  metallic  arsenic.  Aqueons  phosphorous  add  dissolree  rine 
and  iron  with  evolution  of  pliosphine ;  it  likewise  gives  off  that  gas  when  treated 
with  zinc  and  sulphuric  add. 

yiiospliltmi.— Of  the  three  hydrog*^n-atoms  contained  in  phosphorous  add,  only 
two  appear  to  be  replaceable  by  metals,  the  acid  being  in  fact  dibasic,  and  forming  two 
series  of  metallic  salts — viz.,  nefftralphosphitks,  M*PHO',orM''PflO',  and  acid  phosphites, 
MHPHO*  or  WH*F*H^O*  =  M"PHO«.PHK)».  according  to  the  atomicity  of  the  metal. 
The  third  hydrogen-atom  of  phosphorous  add  is  more  easily  replaceable  by  alcohol- 
radides,  producing  aleoholicphosphorousacids(<?.^.,ethyl-phosphorous  add,  H'JrCH*0*)r 
still  containing  two  atoms  of  typic  hydrogen,  which  may  be  replaced  either  by  metals 
or  by  alcohcd-radides.  In  the  latter  case  phosphites  or  phosphorous  ethers  are  formed, 
containing  3  atoms  of  alcohol-radicle  (p.  533),  whence  the  add  has  by  some  chemista 
been  reguded  as  tribasic ;  but  the  view  above  given  accords  best  with  its  relations  to 
metallic  basee,  and  with  the  position  which  it  occupies  between  monobasic  hypophos* 
phorous  add  and  tribasic  phosphoric  acid  (p.  523).  Moreover,  in  the  tri-alooholic 
phosphites,  P(C^*)"0*,  for  example,  2  atoms  of  the  aJcohol-radide  may  be  replaced  by 
metals — for  example  by  K'  or  Ba;  but  the  third  atom  is  not  thus  replaceable  (p.  533). 

The  metallic  phosphites  are  obtained  sometimes  by  acting  on  the  add  with 
bases,  sometimes  by  double  decomposition.  They  are  more  stable  than  the  hypophos- 
phites,  but  are  all  decomposed  by  heat.  Those  which  contain  water  of  ciTstallisation 
give  off  hydrogen  and  leave  pjrrophosphates :  thus — 

2Ba''PH0«.H«0       «      BarP«0'     +     2H»; 

bnt  anhydrous  neutral  phosphites,  which  do  not  contain  snffident  hydrogen  and  oxygen 
tm  this  mode  of  decomposition,  likewise  give  off  phosphoretted  hydrogen  and  le*Te  a 
more  basic  phosphate:  e.ff, — 

SPb^HPO*       =       Pb''0.2Pb«I»0'     +     PH»     +     H«. 

The  neutral  phosphites,  excepting  those  of  the  alkali-metals,  are  but  sparingly  sola- 
ble  in  water,  and  the  lead-salt  is  almost  insoluble ;  the  add  phosphites,  however,  are 
soluble.  With  the  chlorides  of  barium  and  ealcium,  solutions  of  the  alkaline  phosphitea 
form  white  precipitates,  soluble  in  acetic  and  in  phosphorous  add — with  acetate  of  lead 
a  white  precipitate,  insoluble  in  acetic  acid.  Solutions  of  phosphites,  tmlesa  vezy  con- 
centrated, do  not  precipitate  the  solution  of  a  magnesiunp-salt  in  aqueous  ammoma  and 
sal-ammoniac. 

The  solutions  of  phosphites  undergo  but  little  alteration  when  exposed  to  the  air  at 
ordinary  temperatures,  and  are  not  decomposed  by  boiling  with  caustic  alUis.  They 
reduce  solutions  of  gold,  silver,  and  mercury  in  the  same  manner  as  the  aqneous  add. 

The  methods  to  be  adopted  for  the  quantitative  analysis  of  phosphitea  art 
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«XACtljr  th«  lame  us  those  &Ir«Ady  descril><^  for  the  bjpoiiboflpbites  (p.  524).  N«uti«l 
phcMiphit*»  oxidised  by  nitric  acid,  or  by  hydrocMorie  Acid  and  ehbrate  of  potiis»iuni» 
are  transformed  into  pyrophovphates : 

2M=HP0»     +     0»       -       M*Pn>'     +     HK), 

TUose  ph<wphit«8  which  are  insoluble  or  sparingly  soluble  in  water,  may  be  diseokcd 
in  liydrochloric  add,  aod  the  ba&ei)  preeipituted  from  them  by  thp  uuuiiJ  reageota. 

PAotphite  of  Atuminium, — ^A  satttfttt^d  aolutioii  of  alma  inixrd  with  a  Btrotig 
•olutiou  of  ammonium-phosphite  foniki  a  meipital«  which  dieappeais  at  firsts  beoomea 
perm^in^'Dt  oo  further  addition  of  ammonia,  but  doea  not  separate  coinplpt^ly  till  the 
liquid  ifl  boiled.  It  forma  a  white  powder  when  diy,  and  decompoaea  without  incan- 
deaeenee  when  heated. 

Phosphite  of  Ammonium,  (NII*)THO*.H»0.— Phosphorous  add  saturated  with 
ammonia,  and  eraporated  over  sulphuric  acid  in  rarefied  air^  yidds  this  salt  in  large 
d<2liqQ6ac«^nt  prisms,  soluble  in  2  pts,  of  cold  and  in  a  amaller  quantity  of  boiling  water. 
In  vncuo,  at  ordijuuy  teropcratur<^s,  the  ezystals  give  off  a  small  quantity  of  ammonia* 
and  turn  add ;  at  100^  tney  give  off  1  at.  water»  also  with  a  little  ammonia;  and  at 
higher  temperatures  a  larger  quantity  of  ammonia,  leaving  almost  pure  phosphorouii  iu:id« 
which  decomposes  when  more  strongly  heated*  The  aquaous  solution  when  evaporated 
by  boat  also  gives  off  ammonia  and  turns  acid. 

PhoMpkitet  of  Barium, — The  neutral  salt,  BaTHO',  is  deposited  after  a  few 
days  &om  a  solution  of  an  alkaline  phospfiito  mixed  with  chloride  of  barium,  as  a  crys- 
talline crtist  containing  ^  at  water  (aBa'PHOMI^O).  It  is  but  sparingly  soluble  in 
cold  water,  and  is  decomposed  by  boiling  with  water  into  an  Lnsolobfe  basic  and  a  solu- 
ble acid  b&It  It  is  slightly  efflorescent^  and  gives  off  its  water  of  crybt^iUisation 
between  160°  and  200**. 

The  acid  talt,  Ba^H^P^'O*  H*0.  is  obtained  by  digMtin^  the  neutral  salt  with  A 
quantify  of  phosphonms  add  not  quite  suffldent  to  dissolve  it,  or  by  adding  baryta  of 
eiLrbonute  of  banum  to  phosphorous  acid  as  long  as  it  contiuaes  to  disiiolve,  and  evapo* 
rating  U»e  filtrate  to  a  ityrup  at  a  gentle  heat.  On  leaving  this  liquid  in  vacno  over  oil 
of  vitriol,  the  add  salt  is  deposited  in  warty  cryBtals.  It  is  soluble  in  water  but 
insoluble  in  alcohol.  The  aqueous  solution  decompofies  whoa  boiled,  the  neutml  &nlt 
separating,  and  a  more  add  salt,  not  yet  examine^  remaining  in  suluCion.  The  icilt 
gives  off  1  at  water  at  100^. 

Phosphite  of  BiMtnuth,  obtained hy  double  decomposition,  is  a  white  precipitate 
which  when  ignitc-d  after  diying  givei  off  pfore  hydrogen. 

Phofphite  of  Cadmium, — ^White  predpitate,  which  givca  off  hydrogen  when 
dii^lilled,  and  leaves  a  reaidue  containing  a  smkll  quanttly  of  metallic  cadmium. 

Phosphites  of  Calcium,— The  neutral  salt,  Ca''PHO*.H*0,  separates  aft^r  a  while 
from  a  eolution  of  the  ammonium -salt  mixed  witJi  chlonde  of  caldum,  as  a  cryatalbne 
crust  sparingly  soluble  in  cold  water.  The  solution  decomposes  when  heated,  depositing 

a  basic  salt  (?  tricaldc  phosphite,  Ca*P*0*),  whOe  an  add  salt  remaius  dissolved.  The 
ni^utral  salt  gives  off  its  water  at  lOO'^* 

The  acid  salt^  Ca'^*P'ii*0».H*0,  is  obtained,  by  acting  upon  marble  with  aqueous 
pboffphorotts  acid,  as  long  as  carbonic  anhydride  conlinues  to  escapes  as  a  crystalline 
crust  made  up  of  needle-shaped  cry  stab.  It  is  «Boluble  in  water,  and  the  solution 
mixed  with  alcohol  dopoaifs  the  neutral  salt,  while  a  very  add  ealt  remains  dissolved. 
The  crystals  give  off  their  water  at  100^. 

Phosphite  of  Chromium  is  predpitated  on  mixing  chromic  chloride  with  an 
alludine  phosphite,  but  does  not  separata  completely  till  the  liquid  is  heated.  When 
dry  it  is  a  loose  grey  powder,  which  is  decomposed  by  heat,  with  evolution  of  pure  hy- 
drogen. 

Phosphite  of  Cobalt  la  also  obtained  by  precipitation,  and  separates  completely 
only  when  the  liquid  is  heated.  In  the  dry  state  it  is  a  pale-rod  powder,  which  when 
hented  frst  turns  violet,  then  blacky  and  aiterwardfl  decomposes  with  incandcecence  and 
evolatioD  of  hydrogen. 

Phosphite  of  Copper,  Cu'TH0',2H»0,— Obtained  in  the  pmw  state,  as  a  blue 
^ranulO'CrystAliine  precipitate,  on  mixing  a  sulution  of  cupric  acetate  with  aqueous 
phosphorous  add ;  \e*»  pure,  as  a  bluish -white  flocculent  predpitate,  by  treating  cupric 
Hulphate  with  an  alkaline  phosphite.  It  gives  off  water  when  gently  heated,  and  at  a 
higher  tempemture  ovolvos  hydrogen,  ana  leaves  cupric  phosphate  mixed  with  metallic 
copper.  A  solution  of  cupnc  phosphite  in  aqueous  phosphorous  add  also  decomposes 
when  heated,  with  septiration  of  metallic  copper. 

Phosphite  of  Giucinum  is  a  gummv  precipitate,  white  and  pulverulent  when 
Vol.  rV.  MM 
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dry,  insoluble  in  water,  decomposing  when  heated,  with  incandeaoenee  and  eyoluticm  d 
pore  hydrogen. 

Phosphites  of  Iron, — The  ferrous  salt  is  a  white  pirapitate,  which  in  the  moist 
state  oxidises  quickly  in  the  air,  turning  first  green  and  then  brown.  When  heated  it 
gives  off  pure  hydrogen. 

Ferric  salt, — Neutral  ferric  salts  are  completely  precipitated  by  alkaline  phosphites 
only  after  long  standing  or  with  the  aid  of  heat.  The  dried  precipitate  is  white  and 
pulverulent ;  it  glows  when  heated,  giving  off  hydrogen  mix^  with  a  little  phospho- 
retted  hydrogen. 

Phosphites  of  i«ai.--The  nruiral  salt,  PbTHO*.  is  obtained  by  precipitating 
nentral  acetate  of  lead  with  phosphorous  acid  or  phosphite  of  ammonium.  It  is  a  whito 
precipitate  nearly  insoluble  in  water,  and  dissolving  but  sparingly  in  aqueous  phos> 
phoroufl  add,  much  more  easily  in  nitric  acid,  which  does  not  oxidise  it  in  the  cold ;  it 
IB  easily  oxidised,  however,  when  heated  with  nitric  or  sulphuric  acid.  It  does  not  give 
off  any  water  at  100°,  but  decomposes  at  higher  temperatures,  with  evolution  of 
hydrogen  and  phosphoretted  hydrogen,  and  leaves  a  phosphate  of  lead  (p.  528)  mixed 
with  a  little  phosphide. 

A  compound  of  this  salt  with  chloride  of  lead  is  precipitated  on  mixing  a  boiling 
solution  of  chloride  of  lead  with  pure  phosphite  of  ammonium,  or  with  trichloride  of 
phosphorus  which  has  been  decomposed  by  water  and  then  neutralised  with  ammooia. 
By  continued  washing  with  boiling  wat4»r  however,  this  double  salt  is  decomposed,  the 
wnole  of  the  chloride  of  lead  being  removed,  and  pure  phosphite  remaining  behind. 

A  basic  phosphite  of  U'od,  2(Pb'^.Pb^PH0').H«0,  is  formed  on  digesting  the  recently 
precipitated  neutral  salt  with  ammonia  in  a  flask,  and  afterwards  washing  it  wit  h 
alcohol  (H.  Rose).  Another  basic  salt,  Pb"0.2PbTH0*,  is  formed  by  precipitating 
basic  acetate  of  lead  with  phosphite  of  ammonium. 

Phosphite  of  Magnesium  is  obtaiued  by  digesting  the  aqueous  acid  with  basic 
carbonate  of  magnesium,  and  evaporating  the  filtrate  under  an  exhausted  receiver,  as  a 
crystalline  crust  sparingly  soluble  in  water.  When  heated  it  gives  off  water  of 
crystallisation,  and  at  a  higher  temperature  decomposes  with  yivid  incandescence. 

Phosphite  of  magnesium  forms  a  sparingly  soluble  double  salt  with  phosphite  of 
ammonium — much  more  soluble,  however,  thim  the  corresponding  phosphate. 

Phosphite  of  Manganese,  2Mn"PH0'.HH),  obtained  by  adding  an  alkaline 
phosphite  to  the  solution  of  a  manganous  salt  till  none  of  the  latter  remains  in  excess, 
18  a  reddish-white  precipitate  which  is  not  quite  insoluble  in  water,  gives  off  its  wat^^r 
of  crystallisation  m  drying,  and  decomposes  at  a  stronger  heat.,  with  vivid  incan- 
descence, and  evolution  of  hydrogen  and  phosphoretted  hydrogen. 

Phosphites  of  Potassium. — The  neutral  salt,  K^HPO',  is  obtained  by  saturating 
the  ac^ueous  acid  with  potash,  and  evaporating  under  the  air-pump,  as  a  syrupy  mass 
in  which  crystals  form  after  some  time  only.  It  is  deliquescent,  easily  soluble  in 
water,  insolnble  in  alcohol. 

An  acid  phos^hiU  of  potassium,  K»H'P«0»  «  K«PH0*.2PHH)\  is  produced  by 
exactly  neutralising  1  pt.  of  aqueous  phosphorous  acid  with  hydrate  or  carbonate  of  po- 
tassium, then  adding  2  pts.  of  the  same  acid,  and  evaporating  in  vacuo.  The  liquid  then 
solidifies  completely  to  a  mass  of  laminar  crystals,  unctuous  to  the  touch,  having  a 
strongly  acid  taste,  and  very  soluble  in  water.  The  salt  does  not  lose  weight  at  200"^, 
but  decomposes  at  250^,  with  evolution  of  hydrogen  and  phosphoretted  hydrogen. 

An  acid  potassium-ssilt  analogous  to  the  other  acid  pho6|mites  has  not  yet  been 
obtained.  A  solution  of  the  neutral  salt  mixed  with  as  much  phosphorous  acid  as  it 
already  contains^  and  evaporated  in  a  vacuum,  yields  after  some  time  a  crystalline  crust 
of  the  acid  salt  just  described,  the  syrupy  mother-liquor  retaining  nothing  but  neutral 
■alt 

Phosphites  of  Sodium.— \'he  neutral  salt,  Na*PH0«.5HK),  is  obtained  by 
neutralising  the  aqueous  acid  with  soda  and  evaporating  in  a  vacuum,  as  a  thick  symp, 
which  after  some  time  solidifies  to  a  crystalline  mailB.  According  to  D along,  the 
individual  crystals  are  rhombohedrons,  approaching  very  nearly  to  cubes.  They  are 
easily  soluble  in  water  and  in  alcohol,  hygroscopic,  and  deliqueece  quickly  on  exposure 
to  the  air,  but  effloresce  in  vacuo  over  oil  of  vitnol,  and  give  off  all  their  water  of  ciys- 
tiillisation  at  100<>. 

The  acid  salt,  2Na'H'P'0*.H*0,  is  analogous  in  composition  to  the  acid  potassium- 
salt  (excepting  that  it  contains  water  of  crystallisation),  and  is  obtained  in  a  similar 
manner.  The  solution  crystallises  completely  by  evaporation  in  vacuo,  yielding  shining 
prisms  rtrj  soluble  in  water,  permanent  in  diy  air,  but  quickly  deliquescing  m  air  of 
the  ordinary  degree  of  humidity.  The  salt  gives  off  its  water  of  crystallisation  at  200^^, 
and  decompotea  at  250^,  erolnng  a  large  quantity  of  phosphoretted  hydrogen. 
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Kite  of  Sirentium^  ^iSr'PHOMI^O,  ia  prepared  by  aaturatiug  pbos- 
phorout  ttcid  irith  carbooAte  of  Alrontiuni  tmd  ev»pontiiig.  A  ttolutioo  of  chloride  of 
,  iti^tuitium  mixed  with  phosphite  of  ammoDtum  yiolda  a  jfL'ant^  precipitAtt?,  whicli  in' 
IMi  on  eTAporfttiiig  the  liquid.  Pbofipbite  of  stronliuin  is  sparingly  soluble  m  water, 
I  it  docomposed  by  boiling  with  wnter  into  a  soluble  acid  Holt  and  au  ixiBoIublo 
ajicreotia  bajiic  ftalt.     The  dir  salt  in  deoonipoaed  by  beat,  with  eTolutioa  of  hjdrogf^n. 

Phosphitts  of  Tin.— The  ^Unnout  soli,  So^PHO*,  i§  prepared  by  precipitating 
■tannouf  chloiide  with  aqoeouii  pboftpbor^us  acid,  and  t'  '  V  v«-Hahing  the  precipi- 

tate with  w«ler.     It  is  white,  uisotuble  in  watar,  hu-  u  hydrochloric  aicid, 

Ibmiikg  a  ioliition  which  is  an  oxtretuely  powerful  rv^iii....^  „^  uL  The  dry  salt  de- 
«08ipoM«  with  intumescence  when  heated,  giving  off  phMphoretted  hydrogen,  and 
leariDg  a  black  Feiidue. 

The  Btannic  mlt  iJ  obtained  by  miaing  aqiaeouA  staanic  chloride  with  an  albdiofl 
phoMpbitet  afl  a  white  preeipitiite  which  dries  up  to  a  vitreoui  brittle  mass.  When 
KtroDgtr  iieatad  it  gives  off,  not  hydrogen  but  wator,  leaTing  a  etanacnu  lalt  tolnbk  in 
hydrochloric  add. 

Phosphii§  of  TitaniuTft, — A  solution  of  titanic  chloride  yields  with  phosphite 
of  ammoQiam  a  white  precipitate,  which  when  ignited  gives  oflfhydrcgoTi  and  phospho- 
retted  hydrogen,  and  learee  a  bhick  residue  containing  phosphoric  and  titanic  oiide& 

Phosphite  of  Zinc,  2Zn''PHO*.5H*0.— Alkaline  phosph it ea  precipitate  sulphate 
of  EiDC  imperfectly  in  the  cold,  completely  when  heated.  The  white  precipitate  is 
■parii^ly  solnbla  in  water,  gives  off  its  water  iu  drying,  and  when  more  strongly 
heated  gives  off  hydrogen,  mixed  towards  the  end  with  phosphoretted  hydnigen. 

Aloobollc  Flioapliltea.  Pboaplioroiia  Btliers*  Phosplioruus  acid,  though 
dibasic  acid,  is  capAbh%  as  already  obecr\'ed,  of  tbrming  ethers  in  which  1,  2,  or  3 
atoms  of  hydrogen  arp  replaced  by  alcohol-radicles.  If  one  of  the  throe  hydrogen- 
atoms  be  regarded  as  a]coholic(ii.  9ih\  and  the  other  two  as  basyloiu,th«se  ethers  mivy 
"be  represented  by  the  fullowing  farmulae,  in  which  B  denotes  a  monatomic  alcohuL 
tadide: 


Mono-alcoholic  phosphorous  ethers     H'.PRO* 


"D  i- alcohol ic  phosphorous  ethen  R E J?R O* 


Tri-alcohoHc  phosphoroos  ethers         B'-PHO* 


K 


rr) 


Those  which  contain  I  or  2  atoms  of  aleohoUradielA  are  acid  ethers  capable  of  fbrmine 
metallic  salts;  those  which  contain  3  atoms  of  alcohol-nidide  are  neutml.  The  acid 
ethers  are  prodneed  by  the  action  of  tri chloride  of  phoffphoms  on  the  corresponding 
hydrated  aJeohoIs ;  the  neutral  ethers  by  the  action  of  trichloride  of  plio.«fphorua  on  tiio 
eorrsspondinff  sodium^alcohols. 

There  might  also  be  mono-  and  di^cohoLic  phosphites^  confititnted  according  to  the 
formuhe  HR.PHO"  and  R«  PHO«. 

Amtlic  FROBViinBB.--Amiftpko9pkorou9  tfcirf.  C*H''PO"=-HfPC*H'>0». 
(Wurts,  Ann.  Ch.  Phye,  [3]  xvi.  227;  Ann.  Ch.  Fbarm.  Iviii.  76.)— This  and  the 
following  compound  are  produced  by  the  action  of  trichloride  of  phoephoraa  on  amjlic 
alcoboL  One  vol.  trichloride  of  phosphonis  is  slowly  dropped  intx)  1  vol.  amyhc  alcohol, 
and  a  small  qudntity  of  water  very  slowly  added,  the  vessel  being  well  cooled.  After  all 
the  excess  of  chloride  of  phoephoms  has  been  decomposed  by  the  water,  the  mixture  is 
shaken  up  with  an  equal  volume  of  water;  the  oily  mixture  of  amylphosphorous acid 
and  amy  Lie  amylphoephite,  which  rises  to  the  Burface  on  lea  vine  the  liquid  at  rest,  is 
decanted  and  fkwd  from  hydrochloric  acid  by  repeated  washing  with  water;  and  (Jae  am  vl 
phfisphoroits  acid  is  extracted  by  a  weak  solut  on  of  sodic  carbonate  (a  strong  soltilitm 
would  likewise  dissolve  the  amy  Lie  amylphosphite).  The  alkaline  solution  is  then  iiepa- 
rated  mechanically  from  the  amyllc  amylphosphiTe  which  floats  on  thesorfsee ;  the  portion 
which  Btill  remains  dissolved  tlierein  is  separated  by  agitation  with  common  ether;  and  the 
alkaline  solution  is  supersatural^d  with  hydrochloric  acid,  whereby  tlic  amylpboaphorous 
add  is  separated^  with  strong  turbidity,  and  at  ^t  rises  to  the  surface  in  the  form  of  an 
oil,  in  consequence  of  containing  eth^r,  but  sinks  to  the  bottom  after  the  ether  is  evapo- 
zated.  Lastlv,  to  free  this  oil  from  cliloride  of  sodium,  it  is  dissolved  in  water,  rrprc- 
cipitated  by  hydrochloric  acid,  gently  heated  after  the  hydrochloric  acid  has  been 
dscsjited,  and  placed  in  a  TAcuumu  to  remove  the  water  and  hydrochloric  acid. 

Amylphosphorous  acid  is  an  oil  which  sinks  in  water;  it  is  nearly*  inodorous  in  the 
fresh  state^  bat  strongly  acid ;  dissolves  readily  in  umUTf  and  is  precipitated  therefrt^m 
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by  hydrochloric  acid.  It  yields  by  dry  distillation  a  large  quanti^  of  combustible  gas, 
and  a  small  quantity  of  liquid  distillate,  leaving  phosphorous  acid,  which  when  more 
strongly  heated,  gives  off  phosphoretted  hydrogen  gas.  It  bums  with  a  very  mnokj 
flame,  leaving  phosphorous  aad.  It  reduces  nltfer-salts.  After  being  kept  for  some 
time  it  no  longer  dissolves  completely  in  water,  and  the  solution  quiddy  decomposes 
into  amylic  alcohol  and  phosphorous  acid.  The  acid,  separated  by  hydrochloric  acid  from 
the  sodium-salt  whieh  nas  been  kept  for  some  time,  likewise  exhibits  this  behaviour. 
This  change  of  properties  is  periiaps  due  to  the  conversion  of  the  amylphosphoroiui 
add,  H«.PC*H"0«.  into  monamylicphosphite,  C»H».H.FHO*. 

Amylphosphorous  add  decomposes  alkaline  carbonates  with  effervescence;  its  salts 
decompose  readily.  The  potasnum-  and  todium-^alU  can  only  be  obtained  in  the  gela- 
tinous state.  The  barium-salt  dries  up  in  vacuo  to  a  soft  deliquesctmt  mass.  The 
lead-salt  is  a  white  curdy  precipitate,  which  decomposes  even  in  the  dry  state,  and 
quickly  when  moist,  giving  off  an  odour  of  fusel-oiL 

0.  Monamylic  Amylphosphite,  C"H"PO»  =  H.C»H».PC»H»0».  (Wurtz, 
loe.  cU.) — Obtained  as  above,  and  freed  from  amylphosphorous  acid  by  washing  with 
dilute  sodic  carbonate  till  the  residue  no  longer  reddens  litmus;  it  is  then  washed  with 
water,  and  heated  several  times  in  vacuo  to  80° — 100°  to  drive  off  water  and  amyUe 
chloride.  Should  the  product  be  coloured,  in  consequence  of  the  temperature  during 
the  reaction  having  been  allowed  to  rise  too  high,  it  must  be  rectified  in  vacuo;  but 
this  process  is  always  attended  with  a  certain  amount  of  decomposition. 

Amylic  amylphosphite  is  a  colourless  or  pale-yellow  oil,  of  specific  gravity  0*967  at 
19°.  It  boils  only  at  a  high  temperature,  and  with  some  decomposition ;  smells  slightly 
of  amylic  alcohol,  and  has  a  very  pungent  disagreeable  taste. 

When  passed  in  the  state  of  vapour  through  a  red-hot  tube,  it  yields  gases,  among 
which  phosphoretted  hydrogen  occurs.  It  may  be  set  on  fire  by  a  flaming  body  when 
strongly  heated ;  paper  soti^ed  in  it  bums  when  set  on  fire,  with  a  white  phosphorus 
flame.  It  absorbs  chlorine  gas^  with  rise  of  temperature  and  evolution  of  hydrochloric 
acid ;  in  the  dark  at  0°  there  is  formed  hereby  a  product  containing  1  at.  chlorine ;  but 
under  the  influence  of  heat  and  light,  products  very  rich  in  chlorine  are  formed ;  these 
bodies  are  colourless  and  visdd,  and  decompose  after  a  while,  with  evolution  of  hydrochloric 
add.  Nitric  acid  acts  violently  on  amvlic  amylphosphite,  yellow  oily  drops  passing  over, 
and  a  strong  odour  of  valerianic  add  being  evolved.  When  it  is  boiled  with  solution  of 
nitrate  of  stiver j  there  is  formed,  with  a  certain  amount  of  reduction,  a  black  magma 
containing  phosphate  of  silver.  When  exposed  to  moist  air  or  kept  in  loosely  dosed 
vessels,  it  gradually  turns  acid.  By  boiling  aqueous  alkalis^  it  is  quickly  resolved  into 
amylic  alcohol,  which  passes  over,  and  a  residue  of  alkaline  phosphite. 

Diamylic  Amylphosphite,  C«*H"PO«  «  (C*H»')«PC*H"0«.  (Railton,  Chem. 
Soe.  Qn.  J.-vii.  2l8.)^Prodnced  by  the  action  of  trichloride  of  phosphorus  on  amylate 
of  sodium,  the  preparation  being  conducted  in  the  same  manner  as  for  the  corresponding 
ethyl-compound  (p.  533) : 

30*H"NaO   +  Pa»     -     C»»H»PO»  +   3NaCl. 

It  is  an  oily  neutral  liquid,  having  a  very  offensive  odour,  and  decomposing  more  easily 
than  diethylic  ethylphosphite.     It  boils  in  hydrogen  at  236°,  is  insoluble  in  water, 
soluble  in  alcohol  and  in  ether. 
Ethtlic      Phosphites.  —  Ethylphosphorous     acid,      C*H»PO'         = 

H«.PC«H»0»      -         P^>0«.    (Wurtz,  Ann.  Ch.  Pbys.  [3]  xvi   218.)— Produced 

H«) 
by  the  action  of  trichloride  of  phosphorus  on  hydrated  alcohol: 

2  [^g  |0  J      +     H«0      +     PC1«       =-        Y^  \0*     +     C«H»a     +     2HC1. 

Trichloride  of  phosphorus  is  added  drop  by  drop  to  the  alcohol,  in  a  vessel  kept  con- 
tinually cold  from  without;  and  the  mixture  is  evaporated  at  a  gentle  heat,  to  drive  off 
the  chloride  of  ethyl  and  hydrochloric  acid,  first  in  the  air,  and  afterwards  in  vacuo, 
the  vessel  containing  the  liquid  being  connected  with  an  air-pump  by  a  tube  contain- 
ing hydrate  of  potassium.  The  remaining  symp  is  then  saturated  with  carbonate  of 
bwium,  and  separated  by  filtration  from  phosphite  of  barium  ;  the  filtrate  is  evaporated 
in  vacuo;  the  dry  residue  treated  with  absolute  alcohol;  the  liquid  filtered  to 
separate  the  chloride  of  barium,  and  evaporated  till  the  barium-salt  crystallises. 

The  add  itself  is  scarcely  known,  in  consequence  of  its  great  tendency  to  resolve 
itself  into  phosphorous  add  and  a  Jcohol. 

It  is  capable  of  exchanging  one  or  both  of  its  basylons  hydrogen-atoms  either  for 
motalfl  or  for  alcobol-nMlicks,  thereby  forming  both  add  and  neutral  salts.     The  acid 
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orUltic  Mlti  Afe  prodaci'd  hj  irentmg  the  add  wiUi  the  rc-spocdri?  bases  (Wurtz), 
thm  netitral  salts  bj  the  action  of  strong  bajica  on  tli«  neutral  ethjlie  ether  or  diothylic 
elhylpbosphiteL 

B^Mm-salU,^The  acid  salt,  B&''H'.P»(C*H*)*0*,  obtained  ss  sboTe  in  the  prepart- 
tloQ  of  the  scid,  is  %  white,  amorphous,  friable^  dfiliquesoeut  mass,  which  swells  up  when 
subjected  to  dry  distillatloii,  ginng  off.  first  ccrtaiu  volatUi*  products  of  the  decompo- 
sitioD  of  alcohol,  then  phosphoreited  hydrogen  •gas,  aud  leaving  a  mixtare  of  biirytic 
phosphate  and  oj^de  or  phoepboros  (or  red  pho«phoras).  It  ib  permanent  when  dry, 
but  in  aolutinn  it  is  grddually  resolved  into  alcohol  and  barytic  metiipbo^phate, 
which  crystal  lii^ir 9  oat : 

It  is  very  Folnble  in  water  and  alcohol,  and  in  prmpitaU'd  Irum  the  alcoholic  uolutiou 
by  vflier.     (Wurti.) 

The  fit  ut  rat  barium-salt,  Ba'TC^H*0',  is  produced  by  adding  1  at  diet  hylic  ethyU 
phoftphitt*  to  1  at  hydrate  of  barium  dissolvc^i  in  hot  water: 

CC«H*)»PC»H»0»     ^-     Ba'H'O*       .       Ba'TC"H"0»     +     2(C»H*.H.O). 

On  ^ntly  hciftting  the  mixture,  alcohol  is  gtren  otf,  and  tfat?  rpmaining  liquid  deposits 
the  bnrium-salt  on  cYaporEition.  It  do<*B  not  crystallise.  It  may  be  evaponited  in  a 
W4t.*r-bnth  without  d'?com posing,  but  on  boiling  it  is  easily  resoked  into  alcohol  and 
BtKiuobttrytic  phosphite  (p.  fi2y). 

2Ba''PC*H»0'     -H     3H*0       «       2(C»H\H.O)     +     2BttTH0lH-0. 

By  decotnpnsing  this  salt  with  Twiouu  trulphateN^  olh*'r  umitnil  ethylpho*pbiti»K  may 
be  obtained,  but  none  of  thi^m  cryBtallise,     (Raiiton,  Chem.  Soc,  Qn,  J.  vii.  210.) 

The  acid  copper-^wlt,  obtained  by  precipitating  the  acid  barium -salt  with  sulphate  of 
copper,  and  evaporating  the  filtrate  in  Tiieuo,  is  a  blue,  amorphous,  soft,  df^iquceicent 
masM^  in  which  the  copper  is  gradually  rednoed.    (Wurtz.) 

The  aeyl  Uud'ttdt^  obtaiued  by  saturating  the  acid  with  recently  precipitated  carbo* 
nnte  of  lead,  and  crnporating  the  filtrate  in  vacuo,  forms  shining,  unctuous,  cry«tftlHne 
affiles,  permanent  in  the  air^  soluble  in  water  and  alcohol,  insoluble  in  ether.  The 
a(|U60iis  solution  gmdually  deposits  phosphite  of  lead.    (W  u  r  1 2.) 

Thi  odd  potusaiuvisalt,  obtained  by  precipilaiting  the  barium-bidt  with  sulphate  of 
potaimitni,  and  evaporating  in  vacuo,  is  a  thick  uncryatAlltsable  syrup.     (Wurts.) 

mktflobar^tic      Eihyfphotpkite,     eH«iia"P«0«      «      (C»H*)»Bu''(PCm»0')=^       = 

(c*ri*)«   ) 

(F")*  >0*.— This  salt  is  obtained  by  adding  2  at  diethylic  etbylphoaphUe  to  I  at, 
Ba'XCH*)*] 

hydrate  of  barium  disnilved  in  hoi  water,  aod  gently  heating  the  liquid  for  a  few 
niinTit*>K.  Alcohol  is  then  given  off^  and  the  liquicC  if  oirefully  evaporated  on  u  wateiv 
bath,  deposits  the  salt  as  a  oonfbsed  Cfystillline  mnsa : 


Ba'H'Q' 


(CH*)»    \ 
tC^H*)»Bai 


2(C»H*H.O). 


This  miXt  is  very  dellqaesoonti  extremi*Iy  soluble  in  water,  solnblealso  indiluti>  alcohol, 
but  only  slighdy  solublo  in  absolute  alcoboL  It  does  not  decompoaa  at  lOil*^. 
(Bailton.) 

EtJk^pot4U0ic  Ethfflphoaphitt^  C*H*.K.PC*II^O*,  is  obtained  by  deeomnosing  thd 
barium-salt  with  potassic  sulphate.  It  crysfjilIiseB  with  diSlctdty  in  thin  plates 
radiating  &om  a  centre.     It  is  deliquescent^  soluble  in  al^xibol,  insoluble  in  ether. 

The  sodium-salt  prepared  in  like  manner  resembles  the  potaasium-salt,  but  has  not 
been  obtained  in  the  crystalline  state.  The  nicJkel-,  iron-,  rinc-,  and  moffnesium'mltB 
obtained  in  like  manner  are  also  nou-ciystalline,  and  extremely  soluble  in  irater,  but 
appear  to  be  insoluble  in  alcohol.  On  decomposing  the  solution  of  the  barium-salt 
with  cupric  sulphate,  the  copper  was  rednced,  even  tn  a  vacuum.     (Rail ton.) 

The  COTTWsponding  k^drogen-wli,  or  ctlfylic  e4hylph€aphii€,  H*C*HM^*fl*0*,  has 
not  yet  been  obtained.  

Dietkyti4    Eikylpkospkite,    C«H'*PO*     -        F"     fO».  (HaiUon« Cbem. 

Soc.  Qu.  J.  Til*  216.) — Produced  by  the  action  of  trichloride  of  ph(»phorus  on  ethylats 
of  sodium: 

3CH*NaO     +     PCI'       «       C>n'*PO»     +     3NaCh 

1  at,  trichloride  of  phoRphorus  mis<Hl  with  five  times  its  bulk  of  pure  ether  is  added 
by  fenifdl  fx^rtions  to  3  at.  ethylate  of  sodium  ( pnpared  by  acting  on  perfectly  auhydrou* 
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alcohol  with  Hodinm  in  a  retort  provided  with  a  condensing-tabe,  and  evaporating  to 
diynesa  at  120^),  the  retort  being  kept  at  the  boiling-point  of  ether  by  a  water-bath. 
The  ether  is  then  distilled  off,  ana  the  retort  transferred  to  an  oil-bath,  in  which  it  is 
gradnallj  heated  to  200^,  and  kept  at  that  temperature  till  the  whole  of  the  ethjlie 
phosphite  has  distilled  over.  The  distillate  is  rectified  sereral  times  in  a  current  of 
hydrogen,  the  portion  which  comes  orer  at  188^  being  each  time  collected. 

Diethylic  ethylphosphite  is  a  nentral  somewhat  oily  liquid,  haying  a  peculiarly 
offensiTe  odour.  Specific  gravity  —  1*075  at  16*6°.  Boiling-point  in  air,  191° ;  in 
hydrogen,  188°.  Vapour-density,  taken  in  an  atmosphere  of  hydrogen,  «  6*800  and 
6*877;  calc.  (2  voL)  «  6*763.  It  is  soluble  in  water,  alcohol,  and  ether,  and  bums  with 
a  bluish-white  flame.  Heated  with  baryta-water,  it  jrields  the  barium-salt  (or  ethyl- 
barium-salt)  of  ethylphosphorous  acid,  according  to  the  proportions  used  (p.  633). 

H.C»H»0) 

AcBTTL-PTBOPHOSPHOROus  AciD,  C«H«P»0«  =       (F")*  J-O*.     (N.  Men- 

/J^    } 
schutkin,  Ann.  Ch.  Pharm.  cxzxiiL  317.) — This  add,  which  is  produced  by  the  action 
'  of  phosphorous  acid  on  chloride  of  acetyl,  may  be  rfgarded  as  resulting  finora  the  substi- 
tution of  acetyl  for  hydrogen  in  a  hypotheitical  pyrophosphorous  acid,  P'H^O*,  related 
to  phosphorous  acid  in  the  same  manner  as  pyrophosphoric  to  orthophosphoric  add : 

2[^J0']     -     HK)       -      gjo.. 

Ph<M|>horout  P]rroph<M. 

acid.  phoroui  acid. 

To  prepare  it,  1  at  phosphorous  acid  and  I  at.  chloride  of  acetyl  are  heated  together 
in  a  sealed  tube  to  120^,  in  an  oil-bath  for  60  to  66  hours,  the  tube  being  opened 
two  or  three  times  during  the  process  to  give  vent  to  the  large  quantity  of  hycuocnloric 
add  which  is  set  free.  When  the  reaction  is  complete,  the  whole  of  the  chloride  of 
acetyl  is  found  to  have  disappeared,  and  the  tube  contains  a  perfectly  white  crystalline 
mass,  consisting  of  acetyl-pyrophoephprous  acid : 

2PHK)«     +     2C«H»0C1       «       H«P(C*H«0)0»     +     C*HW     +     2RCI 

To  purify  this  product,  it  is  first  dried  in  a  stream  of  carbonic  anhydride,  whereupon 
hydrochloric  and  acetic  .adds  pass  off;  then  converted  into  a  potassium-salt,  which  is 
purified  by  two  or  three  aystallisations;  from  this  the  lead-salt  is  prepared  by  predpi- 
tation ;  and  the  predpitate  decomposed  by  sulphydric  acid  yields  a  solution  of  pure 
acetyl-pyrophosphorous  acid.  On  evaporating  this  solution  to  a  syrup,  and  leaving  it 
over  oil  of  vitriol,  the  add  is  obtained  as  a  ciystalline  mass,  very  much  like  cxystallised 
phosphorous  acid,  but  less  deliquescent.  It  contains  P^C'H*0)H'0^.2H'0;  gives  off 
Its  water  of  crystallisation  at  100° ;  does  not  fuse,  but  decomposes  when  strongl/ 
heated,  giving  off  phosphoretted  hydrogen. 
Acetyl-pyrophosphorous  add  appears  to  be  dibasic,  forming  salts  which  may  be 

represented  by  the  general  formula,    (F")*     lo*.    The  potasnum-^t  forms  cxystalay 

M*      j 
which  contain  P*(C«H»0)HK«0*.2JH«0,  give  off  liEK>  at  100°,  and  the  remaining 
1  at.  at  120°.     The  crystals  are  very  soluble  in  water,  and  effloresce  quickly,  splitting 
at  the  same  time  into  lumps,  in  an  easily-determined  direction  of  deavage.     By 
boiling  with  excess  of  potash,  the  salt  is  resolved  into  acetate   and  phosphite  of 

Sotasnum. — The  barium-aalt,  P*(C*H»0)HBa''0*,  obtained  from  the  potassium-Mit  by 
ouble  decomposition,  is  a  predpitate  which  becomes  ciystalline  after  a  while. — ^The 
lead-Mlt  P«(C*HH))HPb''0*,  is  a  white  predpitate.— iVt/ra^  of  silver  forms  witli  the 
potassium-salt  a  white  predpitate,  from  which  when  thrown  on  a  filter  the  silver  is 
instantly  reduced. 

(C«H«)S 
TaiTTL»K«-PH0SPH0B0U8  Acid,  CH*PO»  -      P**     VO'?— Kane,  by  acting 

on  acetone  with  iodine  in  presence  of  phosphorus,  and  neutralising  with  carbonate  ot 

barium,  obtained  a  salt  to  which  he  assigned  the  formula  C*^Ba*PO*  or  C  H*Ba*PO«. 
According  to  £.  Mulder,  however  (J.  pr.  Chem.  xd.  472),  if  the  product  of  the  reac- 
tion be  freed  from  iodine  by  digestion  with  water  and  agitation  with  mercuiy,  then 
neutnilised  with  carbonate  of  barium,  and  the  resulting  barium-salt  purified  by 
repeated  precipitation  with  alcohol  from  the  aqueous  solution,  it  finally  exhibits  the 
composition  of  tritylene-phospJUU  of  barium,  (C*H*)'Ba''P*0*  (Mulder  regards  it  as 
a  phosphite  of  barium  and  acetone).  The  solution  of  this  salt  treated  with  carbonate 
of  sodium,  yields  a  precipitate  of  barytic  carbonate  and  a  soluti<m  of  tritylene-phospkiU 
^sodium,  (CH*)''NaPO',  which  remains  on  evaporation  as  an  amorphous  mass. 
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PiiiTOXiDt  or  Phosphorus,  Phosphobic  Oxidb  on  Akei]>kidi^  P*0*. 
I  «^ThJ0  oxide  ii  tli«  sole  prodact  of  the  rapid  combaation  of  |ibo«phoriu  in  excees  of  dry 
^  sir  or  oxygen.  The  combust ioa  is  easilj  effected  in  a  h^rge  tluree-necked  gl&a»  globe 
£  ij^-  737 )» in  the  centra  of  which  is  suspended  a  porcelain  dish  0,  attAckedby  meaiifl 
of  pl&tiDuin-wiro  to  the  vide  tube  a  b,  which  in  doeed  at  a  with  &  cork.  One  of  the 
latend  opcniogii  of  the  globe  commimieateA  with  a  U-ttibe  d,  etrntaining  pumice  nosked 
in  oil  of  vitrial  to  dry  the  air  Trhtch  enters  the  globe,  while  the  other  lateral  opening 
comoaunicatee  with  a  wide-mouthed  bottle  /,  di^ttined  to  receive  the  product*  Th« 
pboBphorus  is  the  capsule  it  ignited  by  a  hot  wirt-,  I  ho  eork  inserted  in  the  vertical 
lube,  and  a  current  of  dry  air  paa^ed  throogh  the  nppAralua  by  means  of  an  aapimtor 
oonnect«d  with  tho  ezit-tabo  y  of  the  bottle/  or  by  a  blower  attached  ta  the  dijiiig* 
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lube  d,  or  by  other  meaoa.  From  time  to  time  fresh  pieces  of  phoephorui  are  dropped 
into  the  capsule  through  the  vertical  tube,  which  ii  recorked  after  each  iddition.  The 
phosphoric  oxide  produced  by  the  combustion  condenses  us  a  white  dewjsit  in  the 
globe  and  in  the  bottl<i/.  If  tho  supply  of  air  is  not  sufficient,  the  product  will  b© 
oontamioated  with  phosphorous  oxide. 

A  sijiiplified  apparatue  for  preparing  phosphoric  anhydride  is  described  by  Gra- 
bowski  (Ann.  CK  Pharm.  cxxxvu  119). 

Phosphoric  oxide,  m  above  prepared,  forms  a  &110W* white,  flocculent*  amorphous  deposit, 
inodorous  when  free  from  phosphorous  oxidei,  and  not  aifecting  litmui»-pnper  when 
perfectly  dry.  It  sublimts  Ix'low  a  red  heat.  When  heatwi  witb  charcoal  it  is  de- 
composed, yielding  carbonic  oxide  and  phosphoruB.  It  is  a)»o  decomposed  when 
heated  wittk  easily  oxidisable  metaln.  Heated  with  pentachloridd  of  phosphorus 
(Weber,  p.  613),  or  with  perfectly  dry  chloride  of  sodium  (Lautemann,  Ann,  Ch. 
Fharm.  cxiii.  240),  it  yields  phosphoric  oxychJon'de  POCl".  It  has  a  powerful  attrac- 
tion for  water,  dinsolvtng  in  it  witli  a  hissing  noise  and  great  development  of  heat,  and 
deliquescing  quickly  in  contact  with  moist  air.  It  likewise  acts  as  a  powerf^  dehydrat- 
ing agent,  abstracting  water  from  acids,  alcohols,  and  many  other  bodies  when  heated  with 
them.  Strong  sulphuric  add,  for  example,  heated  with  phosphoric  anhydride  is  con- 
Tcried  into  sulphuric  anhydride.  It  unites  with  wuter  in  three  proportions,  forming 
three  acids.  H*O.P*0»,  iH'O.P'O*,  and  3H'0.P*0*,  d*uiotad  by  the  generic  name  of 
phosphoric  acids.  At  a  rod  heat  it  expels  the  volatile  anhydrides  from  their  salts, 
pnjducing  phosphates  containing  various  proportions  of  base,  according  to  the  facility 
with  which  the  volatUe  &nhy£ide  is  expelled,  (Odling^PhiL  Mag.  [4]  xnii.  168; 
Jttlirt^K  1859,  p.  UL) 

PHosPKOBicaciD,  — Phopphorettr'd  hydrogen,  PH*.  burnt  in  air  or  oxygen  lakes  up 
4  iituniR  of  oxyp;en  and  tormn  pho^plioric  acid,  H*PO*.  The  same  add  is  al^iproduoea 
by  the  oxirlaticiu  of  hypophii!*phi-tr(.>Tt*  or  phfi^^phoniws  acid  ;  by  oxidising  phosphorus 
with  nitric  add  ;  by  the  deoompoaition  of  apalile  and  other  natirc  phosphates;  and  by 
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the  action  of  boiling  water  on  phosphoric  anhydride.  This  acid  is  tribasic,  forming 
three  distinct  classes  of  metallic  salts.  With  sodinin,  for  example,  it  forms  the  thret* 
salts  NaH^PO*,  Na'HPO*,  and  Na*PO\  the  first  two  of  which,  still  containing  replace- 
able hydrogen,  are  acid  salts,  while  the  third  is  neutral  The  three  atoms  of  hydrogen 
in  phosphoric  acid  may  be  replaced  in  like  manner  by  alcohol-radicles,  forming  acid 
and  neutral  ethers. 

If  now  monosodic  phosphate,  NaH*PO*,  be  heated  to  redness,  it  girea  off  1  atom  of 
water  and  leaves  an  anhydrous  monosodic  phosphate,  NaPO*  «  NaH"PO^ — H*0,  the 
aqueous  solution  of  which,  when  treated  with  nitrate  of  lead,  yields  a  lead-salt  of  cor- 
responding composition :  thus — 

2NaP0«   +  Pb"(NO«)«     -     Pb"(NO«)«  +   2NaN0»; 

and  this  lead-salt,  decomposed  by  sulphydrie  acid,  yields  a  monohydric  acid  haTiog  the 
composition  HPO*,  possessing  properties  quite  distinct  from  those  of  the  trihydric  acid 
above  mentioned : 

Pb"(PO«)«   +  H'S     -     2HP0*  +   Pb''S. 

The  trihydric  acid  which  is  produced  by  the  oxidation  of  phosphorus,  and  by  the 
decomposition  of  the  ordinary  native  phosphates,  is  called  orthophosphoric  acid 
or  ordinary  phosphoric  aoid  ;  the  monobydric  acid  is  called  me  tap  hosp  boric 
acid.  The  former  may  be  regiirded  as  a  tribydrate,  the  latter  aa  a  monohydratc  of 
phosphoric  anhydride : 

2II'P0<   x=   3H«0.P»0»  orthophosphoric  acid. 
2HP0«    -m     H*O.P»0»  metaphosphoric  acid. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the  action  of  boiling 
water,  the  latter  of  cold  water  on  phosphoric  anhydride.  They  are  easily  distinguished 
from  one  another  by  their  reactions  with  albumin  and  with  nitrate  of  silver.  Meta- 
phosphoric acid  coagulates  albumin,  and  gives  a  white  precipitate  with  nitntto  of 
silver ;  whereas  orthophosphoric  acid  does  not  coagulate  albumin,  and  gives  no  pre- 
cipitate, or  a  very  slight  one,  with  nitrate  of  silver,  till  it  is  neutralised  with  an  alkali, 
in  which  case  a  yellow  precipitate  is  formed. 

Metaphosphoric  acid  and  its  salts  differ  from  orthophosphoric  acid  and  the  ortho- 
phosphates  by  the  want  of  ono  or  two  atoms  of  water  or  base,  the  relation  between 
the  two  classes  of  salts  being  similar  to  that  between  ortho-  and  meta-silicatos,  car- 
bonates, &c.  (p.  238):  thus  — 

MeUphoiphAtei.  Orthophosphatei. 

HPO«             «         H«PO«  -  H*0 

NaPO«           -         NaH»PO«  -  HK) 

BaT'O*         =         Ba'H^P^O'  -  2H'0 

AgPO«           -         Ag^O^  -  Ag«0 

Pb'PK)*         =         fb*P*0«         -       2Pb"0 

Accordingly,  we  find  that  metaphosphates  and  orthophosphates  are  convertible  one  into 
the  other  by  the  loss  or  gain  of  one  or  two  atoms  of  water  or  base :  thus — 

a.  A  solution  of  metaphosphoric  acid  is  converted,  slowly  at  ordinary  temperatures, 
quickly  at  the  boiling  heat,  into  orthophosphoric  acid,  and  the  metaphofpbates  of 
flixlium  and  barium  are  converted  by  boiling  with  water  into  the  corresponding  mono- 
metallic orthophosphates  (see  the  first  three  equations  above). — fi.  The  metapliosphnto 
of  a  heavy  metal,  silver  or  lead  for  example,  is  converted  by  boiling  with  water  into 
trimetallic  phosphate  and  orthophosphoric  acid : 

3AgP0«  +   3fl«0     -     Ag^O«   +   2H«P0^ 
y.  When  any  metaphosphatc  is  fUscd  with  an  oxide,  hydrate  or  carbonate,  it  becomes 
A  trimetallic  or thophosphate:  e.ff. — 

NaPO«  +  Na«CO»     =     Na>PO«  +   CO* 

On  the  other  hand:  (8),  when  orthophosphoric  acid  is  heated  to  redness,  it  loses 
water  and  becomes  metaphosphoric  acid;  and  when  a  monometallic  orthophosphate  is 
heated  to  redness,  it  also  loses  water  and  is  transformed  into  a  metaphosphate.  Or  if 
one  of  the  base«  of  a  dimetallic  orthophosphate  is  volatile,  a  metaphosphate  is  likewise 
produced  by  h<iating  the  salt  to  redness ;  thus  with  sodio-ammonic  orthophosphate 
(microecosmic  salt) : 

Na(Nir)nPO«  -  (NIP)IIO     -     NaPO». 
t.  A  trimetallic  orthophosphate  fused  with  a  fixed  anhydride,  silicic  or  boric,  for  ex- 
ample, is  converted  into  a  metaphosphate  by  abstraction  of  an  atbm  of  base:  thus — 
Na'PO'    ^■  SiO»     -     Na*SiO>  +   NaPO^ 
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Wl»eti  pliospfaorie  anhydride  is  fused  with  I  he  «*H  of  a  rolntile  anhjrdritle,  JUi  ortho- 
metn-pbosphttte  is  pmvluc^,  According  to  the  facility  with  which  thw  volatile 
lAnhydridf)  can  hv  ^%pAM  from  the  Ivino,  Thua  with  sulphate  of  nuigncifiium,  the 
Lproduct  11  Ml  orthopho§phiite : 

i«0*  4-   SMg'^SO*     «     M^PW  4-   3S0»; 

bot  with  tii^liitt  of  iwituiiium,  in  which  the  sulphuric  aahjdside  is  retniued  with 
gMftter  foroe^  A  laiibiphQifih&te  b  produced,  ttiuf : — 

PK)»  +   K^SO*     ^     2:KP0'   4   SO", 
lDt«rm^mt«  between  oilho-  and  meta-phospbateA  there  are  at  least  ihrac  diMioct 
claaaei}  of  salts,  the  moat  important  which  are  the  pyrophoaphatea  or  paraphos* 

P  h  a  t  p  s,  M'P'O'  or  H^P'O",    These  aalti  may  he  viewed  aa  eotnponads  of  1  aL  ortho- 
phwiphate  and  I  at  mctaphoaphata :  M*P«0'  -  M»PO*  +  UFOK 

F/rophoaphate  of  BOdium  is  pioduoed  by  hooting  diaodic  orthopbosphatc  to  redness, 
thus  :— 

2Na«HP0*     -     Na<PH)'   +   H«0, 
The  solution  of  this  salt  yields  insoluble  pyrophosphates  with  lead  and  silrer  salts : 
Ihos  with  nitrate  of  laad — 

Nii*P*0»   +   2Pb*'N»0«     «     Pb*P»0'   +  4NaN0»; 

and  pyrophosphate  of  lead  decomposed  by  sulphjdrtc  ncid,  yields  pyro phosphoric 
acid;  3HW*ot2H»O.PW:     *^        '       '^  ''  r,       t-        r 

Pt*P«0'  +  2H*8    «     H*P»0'  +  2Pb"S. 

Pyrophosphates  m  easily  converted  into  metaphoephates  aud  orthophosphates  (and 
vice  TeraA)  by  addition  or  subtraction  of  waU%  or  a  metallJc  base. 

a,  Thn  prodiictioii  of  a  pyrophosphate  from  an  orthophosphate  by  Iass  of  water  ha« 
l»eeo  already  mentioned. — $.  Cfonversely,  when  a  pyrophosphate  is  heat4id  with  water 
or  a  base,  it  becomes  an  orthophosphate :  e,  g, — 

Na*P«0'  +  H'O  «  2Na«HF0* 
Na*P»0'  +  2NaH0  -  2Na'P0*  +  H*0. 
7,  Pyrophowphoric  acid  heatetl  to  dull  redness  is  converted  into  metaphosphoric 
iu'id  :  II'PH>^  —  WO  =  211P0*.  The  converse  reaction  is  not  easily  eflVcted,  tnas- 
mudi  as  metaphosphoric  acid  by  absorbing  water  generally  passes  directly  ti>  the  state 
of  orthophosphorie  acid,  Peligot,  however,  observed  the  fbrmution  of  pyrophosphorie 
from  metaphosphoric  acid  by  very  slow  absorption  of  water  (p.  639), — B.  When  a 
metallic  metaphosphutc  is  treated  with  a  proper  proportion  of  a  hydrate,  oxide,  or  car- 
buna  tc,  it  is  converted  into  a  pyrophosphate : 

2NaP0*   +   IJVCO*     =     NaT'O'   +   CO*. 

Fleitmann  and  Henueberg  (Ann.  Ch,  Pharm.  Ixv.  304),  by  fhsing  together  an 
atom  of  pyrophosphate  of  sodium^  Na'PO^.NaPO*,  with  two  atoms  of  meta phosphate, 
NaPO*,  obtained  a  salt  having  the  composition  Na»P0\3NaPO*  =  Na*P*0»*,  which 
is  soluble  without  decomposition  in  a  small  qoantity  ut  hot  water,  and  cirstallisea  firom 
its  solution  by  evaporation  over  oil  of  \'itrioL  An  excess  of  hot  water  decomposes  it, 
but  its  cold  aqueous  solution  is  moderately  permaneut.  Insoluble  phosphates  of  similar 
composition  may  be  obtained  from  the  sodium-salt  by  double  decom (position.  Fleit^ 
mann  and  Henneberg obtained  another  dystallisable  but  very  insoluble  salt,  baring  the 
composition  Na'PO*.9NaPO*  ■•  Na'^**0",  by  fusing  together  1  atom  of  sodle  pyro- 
phosiphate  with  8  atoms  of  the  metaphosphat^  *,  ami  insoluble  phosphates  of  similar 
oonsHrution  were  obtained  from  it  by  double  decomposition  (see  further  Uclsmann, 
Ann.  Ch.  Pharm*  czriiU  99). 

The  relative  proportions  of  base  and  anhydride  in  these  different  phosphates  is  best 
Bhown  by  accoraing  to  them  all  the  quantity  of  base  contained  in  the  most  complex 
member  of  the  series,  that  is  to  say,  6  atoms,  as  in  the  following  table : 

Orthopho«phat« 6M»0.2FO*  -     4M»P0<. 

Pyrophosphate 6M«0.3P«0*  -    3M*P«0», 

Fleitmann  and  Henneberg*s  Phosphate  {a)         .         .  6M'0.4PK)*  ^  2M*P*0»*. 

Fleitmann  and  Henneberg's  Phosphate  (4)          .         ,  6M*O.5P=0*  *  M"P'"0"». 

Metaphosphate          ,,,,...  6lkP0.6PO*  -    12MP0» 

The  several  modifications  of  phosphoric  add  and  their  salts  have  been  examined 
ehieflybyBi*rzelius  (Ano.  Cli.  Phys.  [2]  ii.  151,  217;  x.  278);  MjtscherUch 
(/AfW/xix.  350);  Guy  Lussnc  (i^W,  xk  331):  Clark  (Ed.  J.  of  Se.  vii.  298); 
^5tromeyer(.Sebw.  J'  Iviit.  123);  Gnihiim  (Phil.  Truas.   1831,  p.  253;  Phil  Mi4g. 
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IT.  401);  Haddrell  (Mem.  Cbem.  Soc  iii.  273;  Ann.  Ch.  Pharm.  IxL  58); 
lainmel8berg(Ann.  Ch.  Pharm.  Ivi.  210;  Ixxii.  250;  Jahresb.  1847-8,  p.  388) ; 
Schwarisenberg  (ibid.  IxT.  133;  Jahreeb.  1847-8,  p.  346);  Persos  (Ann.  Ch. 
Pharm.  Ixv.  163;  Jahresb.  1847-8,  p.  352);  Fleitmann  and  Henneberg  (Ann.QL 
Pharm.  btv.  304,  387;  Jahresb.  1847-8,  pp.  364,  357);  H.  Rose  (Ann.  Ch.  Pharm. 
Ixxvi.  2,  13 ;  Ixxvii.  319;  Jahresb.  1847-8,  pp.  231,  351);  Vogeli  (Ann.  Ch.  Pharm. 
Ixix,  180;  Jahresb.  1847-8,  p.  694);  Heintz  (Ann.  Ch.  Pharm.  IxviiL  257,  287; 
Ixxii.  264;  Jahresb.  1847-8,  p.  342;  1849,  p.  534);  Baewsky  (Compt  rend.  xxri. 
206 ;  Jahresb.  1847-8.  p.  240);  Baer  (Ann.  Ch.  Pharm.  IxviiL  255;  Jahresb.  1847-8, 
p,  340);  Werther  (Ann.  Ch.  Pharm.  Ixviii.  312;  Jahresb.  1847-8,  p.  419);  Ludwig 
(Jahresb.  1847-8,  p.  339 ;  1849,  p.  230 ;  1862,  p.  361) ;  Fleitmann  (Ann.  Ch.  Pharm. 
IzxiL  231 ;  Jahresb.  1849,  p.  233) ;  Reynoso  f  Ann.  Ch.  Pharm.  Ixxxiii.  98;  Jahresb. 
1852,  p.  318);  Harignac  (Ann.  Ch.  Pharm.  Ixxxviii  232;  Jahrosb.  1863,  p.  389); 
Fresenius  (Ann.  CIl  Pharm.  Ixxxvl  p.  216;  Jahresb.  1853,  p.  322);  Brandea 
(Ann.  Ch.  Pharm.  Ixxxviii.  272  ;  Jahi«bb.  1863,  p.  381). 

MiTAPHOspHOBic  ACID,  HPO«  =  g 1 0«  »  ^^H M ^»  ^^  HK).P»0».— Thi» 
acid,  discovered  bj  Graham,  is  obtained,  as  already  observed,  bj  acting  on  phoaphorie 
anhydride  with  cold  water,  or  by  heating  orthophosphoric  or  pyrophosphorio  add  to 
redness.  Orthophosphate  of  ammoninm  may  be  substituted  for  the  orthophosphoric 
acid;  but  it  is  difficult  to  expel  the  last  traces  of  ammonia.  Hetaphoeph<mc  add  is 
also  prepared  by  decomposing  some  of  its  salts  with  another  add,  as  by  exposing  the 
lead-salt  suspended  in  water  to  a  current  of  sulphydric  add  gas. 

Metaphosphoric  acid  in  the  solid  state,  as  obtained  by  evaporating  its  solution  and 
heating  the  residue  to  redness,  or  by  boiling  ortho-  or  pyrophosphoric  acid  to  redness^ 
forms  a  transparent,  colourless,  glassy,  uncrystallisable  mass,  which  dissolves  alowljr 
though  somewhat  abundantly  in  water,  forming  a  strongly  acid  liquid.  Its  solution 
ffives  white  precipitates  with  solutions  of  albumin^  nitrate  of  Bilver^  and  chiorids  of 
harium.  The  last-mentioned  predpitate  is  soluble  with  difficulty  in  a  large  excess  of 
the  acid.  With  mclyhdnte  of  ammonium  it  gives  no  predpitate  or  coloration,  imtil,  by 
the  action  of  the  free  nitric  acid  present,  it  has  been  fairly  converted  into  orthophos- 
phoric add. 

Metaphosphoric  add  is  converted  slowly  at  ordinary  temperatures,  quickly  at  the 
boiling  neat,  into  orthophosphoric  acid,  without  passing  through  the  intermediate  stage 
of  pyrophosphoric  acid.  Metaphosphoric  acid  volatilises  completely  at  a  bright  reid 
heat^  but,  according  to  H.  Rose,  its  composition  varies  during  the  volatilisation,  the 
last  portions  volatilised  consisting  of  metaphosphoric  acid  and  phosphoric  anhydride ; 
but  metaphosphoric  acid  cannot  be  completely  dehydrated  by  heat^  or  indeed  by  any 
known  process. 

Metapho8phate8,^FO*oTWFK>*. — ^These  salts  are  produced:  1.  By  treating 
the  add  with  bases. — 2.  By  igniting  a  monometallic  orthophosphate  of  fixed  base,  or  a 
dimetallic  orthophosphate  having  one  fixed  and  one  volatile  base  (ammonio-sodic  phos- 
phate, for  example),  or  a  monometallic  pyrophosphate. — 3.  By  double  decomposition, 
the  insoluble  mctaphosphates  of  silver,  lead,  and  barium,  for  example,  from  meta- 
phosphate  of  sodium,  and  the  ammonium-salt  by  decomposing  metaphosphate  of  lead 
with  sulphide  of  ammonium. — 4.  By  heating  trimetallic  orthophosphates  or  dimetallic 
pyrophosphates  with  the  proper  proportions  of  phosphoric  anhydride  or  add :  thus — 

Na«PO*  +  P«0*  =  3NaP0». 
Na^P^O*  -I-  P«0»  -  4NaP0«. 
Mctaphosphates  may  therefore  be  regarded  as  anhydro-salts  of  orthophosphatM  and 
pyrophosphates,  a  relation  further  exhibited  by  the  behaviour  of  sodic  or  caldc  meta- 
pnosphate  when  heated  with  charcoal,  the  salt  then  splitting  up  into  a  trimetallic 
orthophosphate  irreducible  by  the  charcoal,  and  phosphoric  anhydride,  which  is  decom- 
posed by  the  charcoal  into  carbonic  oxide  and  phosphorus  vapour  (p.  600). 

Metaphosphates  of  alkali-metals  are  fusible,  soluble  salts,  not  usually  crystalline. 
The  metaphosphates  are  resdily  decomposed  by  other  acids :  thus  even  acetic  add  will 
decompose  metaphosphate  of  sodium,  as  shown  hj  the  fact  that  a  mixture  of  acetic  add 
and  metaphosphate  of  sodium  precipitates  albumin,  although  neither  reagent  separately 
will  produce  that  effect  The  circumstances  under  which  metaphosphates  are  con- 
verted into  pyrophosphates  and  orthophosphates  have  been  already  considered. 

Modifications  of  Metaphosphates. — The  metaphosphates  are  remarkable  for  ex- 
hibiting very  different  properties,  according  to  the  manner  in  which  they  are  prepared. 
These  differences  are  generally  attributed  to  polymeric  modifications,  the  formulje  of 
which  are  determined  chiefly  by  the  relative  numbers  of  atoms  of  the  two  bases  con- 
tained in  the  respective  double  salts. 
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«.  BvmHttpkoi>pkiiU§,  M*V*0^\'-Ordiniury  r,..f...  k.  .  ,.k...:^  arid,  obUin^d  by  the 
jn\K't»fl»ei  ftboTe  described,  forms  donblc'  ^ah**  !  r  if »  of  moDiitoinic  m^tul 

in  the  ratio  of  5  at,  to  1  at»  or  equivalent  qn  i  inic  metal — the  culeio- 

Bcjdic  salt,  Ibr  esAmple,  hadng  th«  composition  CVNa^PO*)",  or  2NaPO*.5CA*P*0*. 
Tke  ordiBAiy  »odtuiii'metapliOBphat«^,  obt&infd  bj  igniting  monosodic  orthopboephftte 
snd  tMdden  cooling,  forms  &  TftoeouB  mass,  the  aqneoiu  solution  of  which  giren  gehi- 
UDona  pTDcipitiites  with  the  salto  of  the  h«aTj  nierab  and  alkaline  eartfa-meUls. 

0.  TrimrtaphospAatrg,  M'l^O*. — When  a  considerable  quantity  of  ordinarj  fused  sodic 
mct4ipho«phiitv  IB  uUowed  to  cool  very  slowly,  the  nUt  in  nolidifying  aeqnirefi  a  beauti- 
fully mHtnllino  otructurc  ;  itnd  when  this  mum  i»  digester!  in  a  alight  excess  of  wann 
water.  At  liquid  s<'p<inttcH  into  two  layen,  the  larger  s^nitum  containing  the  crjitalline 
and  the  ttuudler  stnituoi  the  urvlinitry  Titreous  wilt.  The  solution  of  the  cryatrtlUne 
vftrietj  giTCS  hyd rated  eip'tftalllne  precipitates  with  salts  of  the  beary  metaU.  TUt' 
formtus  of  the  CTTHtaHine  silver-salt  thus  prtxluced  is  3AgP0*.H=0.  Tlip  meta- 
phospborlti  acid  obtainKl  frotn  th^se  salts  fonns  double  salts  containing  *2  aL  of  unu 
nionaiomic  niKal  to  I  at,  of  another,  or  quantities  of  diatomic  metals  equlralent  to 
»iiess. 

7.  Dtmtiaf^osphttt'9,  M*P*0». — When  oxide  of  copper  and  a  slight  excess  of  aqnr^iis 
pbofrphonc  acid  are  heated  together  to  S50®,  a  crystalline  powder  is  formed,  insolubte 
in  w»ttr,  but  scdubb,,  with  the  aid  of  heat,  iti  sulphuric  aoid  and  in  ammonia.  The 
eorrrspnnding  metaiihoi<phat»^8  of  the  alkali -metals,  which  ar«  obtained  by  treating  the 
copper-salt  with  sulphido  of  potassium}  &c.f  are  eohiMf^  in  water,  cryntallisable,  and 
converted  by  heat  into  tnsulubJe  salts.  These  metiiphofiphales  bavt-  a  strong  tendency 
tu  form  double  saltan  all  of  which  contain  equal  or  equivalent  numtx^rs  of  atoms  of  thu 
two  biaftea.  ForezampK  on  mixing  a  concentrnted  mlution  of  the  potasstum^alt  with 
chloride  of  sodium,  or  of  the  sodium-^alt  with  ehloridf-  of  potassium,  a  cr}>talltne  douliW 
salt  is  obtained,  having  tlie  comf>Oi»itiun  NaKF^OMl^U«  Again,  coiiceiitrHteHl  solutiima 
vt  theamm{»nium«salt  andeupric  chloride  mixed  together,  d^  po«dt,  on  addition  of  alcohol, 
blue  eryutalline  nec^es.  having  the  composition  (NH*)'CuT*0"/2H*(3. 

i.  Tttrametnphovpkuwt^  M*P*0'*. — Another  variety  of  metaphosphate  is  form^^d  by 
heating  phosphoric  add  with  oxido  of  lead,  bismuth,  or  cadmium,  or  with  a  mixture  of 
2  at,  ftrnlie  hydrate  and  1  at.  ciiprje  oxide.  Thf^  lead-salt  is  eastly  decomposed  by 
alkaline  aul^hides,  and  ^iekls  the  oorrespoading  salts  of  tlie  alkali-mrtjiK  The 
sodium-aalt  m  combiuatUkEi  with  water  is  viscid  and  eUstie,  and  lbrm«,  wiUi  a  laiigcr 
quantity  of  water,  a  gummy  mass,  which  will  not  pass  through  a  filter.  The  doable 
salts  ot  this  variety  of  ntetapho^phoric  acid  coutaln  equal  or  eouivalent  numbers  of 
atoms  of  their  two  bAf^es,  like  those  of  the  p»receding;  but  as  they  di^er  in  physical 
pn-)perti€s,    it  b  probable  that  they  are  polymeric  with  the  latter*  the  sodio-ciipric 

salt,  for  example,  having  the  composition  Na*Cu*PO**. 

f .  Mimomrtaphttttphitrg,  MPC* — liistly,  there  is  a  variety  of  metaphospbati^s  dis- 
covered byMaddrell  (Mem-  Chetn.  Soc.  jii  373)  which  are  remarkable  for  their 
iuLBolubility  in  water.  The  potassium-salt  is  produced  by  igniting  hydrate  of  potassium 
and  phosphoric  acid  togi^lher  in  equii-Hlent  proportions  ;  the  ammonium-salt  by  heating 
dimetapht»phate  of  utiunontum  to  250°.  These  mi^tuphosphates  are  also  formed  by 
Sliding  phosphoric  acid  In  excess  to  Bolutions  of  sulphates  or  nitnites,  evaporuting  to 
dryness,  and  htating  the  residues  to  316**  or  upwards.  They  are  crystalline  anhy- 
drous jowders.     There  are  no  double  salts  of  this  vai'iety. 

— This  acid,  discovered  by  Dr.  Clark  of  Aberdeen,  may  be  prepared  by  evaporating  a 
eolation  of  orthophosphoric  acid  till  its  ttmpertitiire  ri^es  to  216^,  but  the  ppodnot  is 
always  somewfaftt  eontaminated  with  oTichange^i  orthopho'-phoric  Aoid.  A  purer  prtnluct 
ts  obtained  by  decomposing  pyrophosphate  of  lend  with  sulphydric  a4:id,  and  evapomting 
th«»  filtrate  till  it  attains  tlie  temperature  above  mentioned.  As  thus  prepared  it  forms  s 
soft  glass.  Peligot,  however,  found  (Ann.  Ch.  Phys,  [2]  Ixxiii.  286)  that  fnj»ed 
phrisphoric  acid  (metaphospbone  acid),  left  to  itself  in  a  bottle  for  several  yean, 
during  which  time  it  absorbed  wat^r,  formed  at  the  top  transparent  crystab  of  ortho- 
phoftpborie  acid^  in  the  middle  a  mother-liqnid  of  specific  gruvity  17,  and  at  the  bottoia, 
opaque  indi^tiuc't  crystals  of  pjT^phosphorie  acid  resembling  loaf-Mugar 

PjiTophoitphoric  acid  is  converted  into  metapbosphoric  acid  wh^u  heated  to  redness^ 
and  into  orthophosphoric  acid  when  boilt^  with  water.  The  last  conversion  takes 
pliiee  also  at  ordinary  tempeniturf«,  but  yury  slowly,  h>  lluit  the  aqueuuMacid  may  be 
kf'pt  unaltered  for  even  half  a  year  (Grub am).  Pyropbosphoric  acid  in  Svqiieous 
M>lntif>n  does  not  precipitate  ulfntinin^  thlnridt  f^f  rtaritftn,  or  ttitroif  of  siivtr^  but  after 
tinttnilkation  it  gives  white  pr<H*ipitiTles  with  (lie  la-M  two  r#'HgentR 

Vt/ro phosphate 9. — Pyropljosphoric   acid   being  tetraViosic  is  callable  of  forming 
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fonr  classes  of  salts,  three  acid  and  one  neutral,  represented,  in  the  case  of  mcmatomie 
metals,  by  the  formulae : 

MH«P»0%    M«H«PK)%    M»HP»0%    and    M*P»0'. 
The  neutral  pyrophosphates  may  be  produced,  as  already  observed,  by  igniting  dime- 
tallic  orthophosphates ;  also,  by  neutralising  the  acid  with  bases,  or  by  heating  anj 
form  of  phosphoric  acid,  or  a  metaphosphate,  with  a  quantity  of  oxide,  hydrate  or  car- 
bonate, sufficient  to  furnish  the  required  quantity  of  base :  e,  g.-- 

2HP0"     +     2Na«C0«       -       Na*PK)^     +     2C0«     +     H«0. 
2NaP0«    +     2NaH0        =       Na*P«0'     +     HK). 

Acid  pyrophosphates  may  be  prepared  by  neutralising  one  quantity  of  the  acid  with  a 
base  and  adding  thereto  one-third,  or  one,  or  three  more  proportions  of  acid. 

Many  pyrophosphates  are  formed  by  double  decomposition.  Solutions  of  pyrophoe- 
phates,  even  when  much  diluted,  give  precipitates  with  salta  of  calcium,  barium,  lead, 
and  silver.  The  precipitates  formed  by  sodic  pyrophosphate  in  solutions  of  copper^ 
nickel,  and  some  other  metals,  are  double  salts,  centring  2  at  sodium  to  3  at.  of  the 
diatomic  metal  (p.  237) :  e.  g. — 

2Na*P«0'     +     3Cu"Cl«       -      Ci«Na«P*0»*     +     6Naa. 
This  constitution  is  exhibited  by  most  of  the  double  pyrophosphates,  and  seemb  to 
&Tour  the  notion  that  these  salts  are  compounds  of  orthophosphates  and  mctaphos- 
phates:  thus,  Cu«Na«P*0'«  «  Cu»P«0«2NaP0». 

Among  neutral  pyrophosphates,  those  of  the  alkali-metals  only  are  soluble  in  water ; 
their  solutions  have  a  slight  alkaline  reaction,  and  cannot  be  boiled  without  conversion 
into  orthophosphates.  The  other  salts  are  soluble  in  acids,  and  generally  in  an  excess 
of  sodic  pyrophosphate,  forming  the  double  salts  just  mentioned,  which  exhibit  a  pecu- 
liar behaviour  with  reagents.  Thus,  from  a  solution  of  ferric  or  manganous  p3nt>phoe- 
phate  in  pyrophosphate  of  sodium,  the  heavy  metal  can  scarcely  be  precipitated  bj 
sulphydric  acid  or  sulphide  of  ammonium.  The  insoluble  pyrophosphates  are  solnble 
also  in  excess  of  the  heavy  metallic  salt  from  which  they  are  precipitated;  the  solution 
is  precipitated  by  heat,  and  the  precipitate  is  not  redissolved  on  cooling — as  is  the  case 
with  orthophosphates  under  sinylar  circumstances.  The  alkaline-earthy  pyrophos- 
phates diswlve  with  difficulty  in  acetic  acid. 

When  a  pyrophosphate  containing  a  metal  reducible  from  its  oxide  by  heat  alone  is 
ignited  in  a  stream  of  hydrogen,  the  metal  is  reduced,  and  water,  phosphoric  aci«l,  and 
other  phosphorus-compounds  are  separated ;  if  the  oxide  is  irreducible  by  itself,  but 
reducible  by  hydrogen,  a  metallic  phosphide  is  formed,  while  water  and  various  phos- 
phorus-compounds escape;  if  the  oxide  is  not  reducible  by  hydrogen,  the  pyrophos- 
phate is  resolved  into  an  orthophosphate  and  phosphoric  anhydride  (3M*F*0'  — 
4M*P0*  +  P'O*),  which  latter  is  partly  decomposed  into  phosphorous  acid,  pbospho- 
retted  hydrogen,  and  red  phosphorus.    (Struve,  J.  p.  Chem.  Ixxix.  346.) 

The  other  reactions  by  which  p^phosphates  are  converted  into  ortho-  and  meta- 
phosphates  have  been  already  considered. 

Obthophosphobic  acid,  H*P0«  -  ^,|o*  =  ^^H«'  [^'»  ^^  3HH>.I»0».— 
This  acid  is  produced,  as  already  observed :  1.  By  the  action  of  boiling  water  on 
phosphoric  anhydride,  metaphosphoric  acid,  or  pyrophosphoric  acid. — 2.  By  the  com- 
Dustion  of  phosphorctted  hydrogen  in  air  or  oxygen. — 3.  By  the  oxidation,  spontaneous 
or  otherwise,  of  hypophosphorous  and  phosphorous  acids.---4.  By  oxidising  phosphorus 
with  nitric  or  hypochlorous  acid. — 5.  By  decomposing  its  salts  with  acios,  tricalcic 
phosphate  (bone-earth)  for  example,  with  sulphuric  acid,  or  phosphate  of  lead  with 
sulphydric  acid. — 6.  By  the  action  of  water  on  phosphoric  oxychloride : 

PC1«0   +   3H«0     -     H'PO*  +   3HC1. 
Pentachloride  of  phosphorus,  acted  upon  by  a  small  quantity  of  water,  yields  phosphoric 
oxychloride : 

PCI*  +  H*0     -     2HC1  +  VCiK), 

which  may  be  converted  bv  a  larger  quantity  of  water  into  phosphoric  acid. 

PrrjHiration. — 1.  By  the  action  of  Nitric  Acid  on  Phosphorus. — One  pari  of 
phosphorus  is  heated  in  a  retort  with  about  15  pts.  of  dilute  nitric  acid  of  specific 
gravity  12  until  it  is  dissolved.  The  distillate  which  contains  some  phosphorous  acid 
IS  then  returned  to  the  retort,  and  the  entire  liquid  is  evaporated  down.  At  a  certain 
degree  of  concentration,  a  very  considerable  effervescence  occurs,  due  to  the  oxidation 
of  the  phosphorous  acid  into  phosphoric  acid.  Small  quantities  of  nitric  acid  are  then 
added  from  time  to  time,  until  the  last  addition  no  longer  pnxiuces  effervescence,  aft/'r 
which  the  liquid  is  evaporated  to  expel  the  nitric  acid.  If  the  evaporation  is  carried 
80  £ir  as  to  produce  pyrophosphoric  or  even  metapho^horie  add,  the  reeidiie  is  to  be 
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XxnM  fur  »  uliort  time  in  w»tL»r,  wLtrebj  thi?«e  last  two  acid»  are  rt*<?ouT*?rlcd  iiito 
odliodioifpbonc  add. 

2.  Vram  Bone^ask. — ^Bone-iuih  ib  decoiuposed  by  wilplitinc  ncid,  as  descnbcnl  on 
{MigrdOO,  and  the  acid  Botution  fiUercd  from  the  itu^oIaVle  gypsum  ia  concontntt«<l  to  a 
tiniill  bulk  and  mixed  with  more  irulphunc  add^  irhcrt'by  a  further  precipitate  of 
gypeum  ia  formed,  which  aftor  dilution  with  waUr  i»  iepanited  by  straining  tbrtiugh 
Hnrn.  This  operation  of  i^raporation  to  a  amall  bulk*  trenlBieiit  with  Bulphurir  ariil, 
dilution  with  wat^r,  and  Altration,  is  repeated  a  aeoond  and  even  a  third  time,  till  the 
lime  in  conipl«t«]y  removed.  The  acid  ia  n^xt  t^rHpi^riitcHl  to  a  syrup,  aud  gently 
ignited  to  expel  thn  autphuric  acid.  The  residue,  which  still  ctuitainM  miLgneMia  and 
•oda,  derived  from  tho  bone-ash^  ia  freed  from  the  greater  part  of  the»e  tmpnritim  by 
Bolution  in  boiling  water,  coDCcntration,  and  heating  for  about  half  no  bt»ur  to  M5^. 
A  white  powder  then  Beparatoa,  conoieting  of  eodio-magneaic  metaphoephttte,  3JVIg*'IH>*. 
2NaP0**  The  ayrupy  mnas  ia  left  lo  cool,  ait«rwanl^  dis.^olvrd  in  wld  wNtHf, 
and  the  liquid  is  fllt^WKi,  The  filtrate  when  boiled  constjlutes  a  i^jlutiuu  of  ortlio- 
phosphoric  acid,  coutamiuated  with  a  trace  of  aodium.  but  otherwise  pure.  To  obtain 
a  perfectly  pnra  phoaphoric  acid,  rfcour»<j  must  be  had  either  to  tlie  oxidation  of 
phospbomt  with  nitric  acid  or  to  tho  following  proceaa. 

3,  AtwM  Viniaehioridt  of  Fhosphorm.—Qhhmyx^  is  passed  in  ex«c«8  thmugh 
phosphorus  melted  nndor  water,  whereby  pentachloride  of  phoiiphoruH  is  produced,  and 
iniinediataly  da4X)mpc«ed  by  thu  wat«r  into  hydriK-hlorie  uiid  orthophoaphoriij  acida: 

PCI*   +   4H'0     »     H'PO*  +   6HC1. 

The  phosphon**  acid  may  be  frped  from  hydrochloric  Jieid  by  ebullition. 

/V<w»er/«'a.^Orthophoaphoric  acid  may  be  obtained  in  bard.  tmn»>par<*nt,  pnsmatic 
rrystala,  by  concentrating  its  solution  to  o  thin  i«yrup,  aud  tlu-n  allowing  it  to  j^taud  for 
soiue  time  ovit  oil  of  ritriol. 

According  to  8chiff  (Ann,  Ch.  Phnrm,  cxiii.   183),  the  specific  gmvity  of  tlw* 
aijueoits  solution  rarioa  with  its  stiength  in  the  manner  shown  by  the  falluwing 
table : 
PerrmUte  <»f 

0  *  ,  . 
12  •  .  . 
18     .         .         . 

Thii  aqueona  aolutton  tnay  be  heated  to  1&0°  without  altering  the  chamcfer  of  the 
nrid  :  but  at  213^  it  is  eooTerted  principally  into  pyrophoapuortd  acid,  while  abore 
thii*  tL<mi>emture  metnpho^rphortc  acui  be^ns  to  be  formed,  ana,  after  the  application  of 
a  full  nd  heat,  con$(titutea  the  entire  residue. 

xVqucous  orthophojtphoric  acid  has  a  strong  acid  Fraction,  and  at  a  boiling  heat 
decomposes  the  salts  of  most  Tolattle  acids.  It  does  not  precipitate  solutions  of 
albumin,  chloride  of  barium^  nitrate  of  silver,  or  ferric  chloride,  until  completely  or 
partially  n*»utrali»ed,  uheu  it  gives  the  react ious  pre^sently  to  W  dt-^cribed. 

OrMopA oap A <irus,—MH*PO*    and  M^HT-O*,  mfmomctaUic  or  diacid    $alts; 

UniVO*  and  M"IirO*,  dimetaUic  or  monoavtd  aglta;  MTO*,  Si'PO*.  and  M*POV 
trimitailic,  nrutritt,  or  normal  mLU,  There  uru  alwo  n«prrb;iiijc  lJrth^»ph(»ttpll;l^e^  many 
of  which  occur  as  natural  minerals — f.^.  green  ironstone,  Fo^TOVFe  "'11*0' ; 
tuniuoia,  Ar''PO».Al'**H»0»,H«0, 

^lany  other  phottphates  are  also  found  in  natnre,  thongh  rarr^y  in  a  state  of  parity; 
they  frequt  utly  occur  mixed  in  Tarious  proportions  with  arsenates,  with  which  they  an* 
ifK>morphous.  Several  native  phosphates  are  found  in  combination  with  fluondt-*!  or 
chlorides — the  apaliUs  and  wa^nerites,  for  example.  H,  Deville  and  Caron  (Ann. 
Cli,  Pharm.  cix.  242)  have  prepared  ajstalli^cd  compounds  of  this  kind  by  igniting  a 
triinetallic  phosphat4?  with  an  excess  of  the  corresponding  cliluride  or  ^uoride,  and 
w.ishiug  out  the  exceas  of  the  chloride  or  fluoriae  from  the  cr}^§tallised  compound^ 
wlat'h  separates  on  cooling. 

The  phoitphates  of  the  alkali-m totals  are  usually  prepared  by  treating  phosphoric 
acid  or  dicalcic  phosphate  (superphosphate  of  lime)  with  alkaline  hydrates  or 
eiirbonatea,  Dicalcic  phosphate  boiled  with  solution  of  sodic  carbonate  fields  tlie 
ortliuary  disodic  phusphate,  and  from  this  the  monosodic  and  trisodic  salts  are 
obtained  by  the  addition  of  phosphoric  acid  and  caustic  soda  reepectively.  Tho 
potaMsiam  and  ammonium -saltf^  may  be  prepared  in  a  similar  manner.  In»>olnblH 
phosphatee  are  prepared  by  precipitating  solubk*  salts  of  tils  respective  metals  with 
alkaline  pho?iphiiteH. 

Among  trim c- tall ic  phosphates,  those  only  of  the  alkali-metiils  are  soluble  b  watar. 
The  iolutions  have  a  stroug  ulkaitne  reaction,  whence  these  sftlts  were  formerly  called 


Sped  Ac  irravUj 

At  IS'', 

1-0333 
10688 
11065 


F«rrmtAt«  of 

24  , 
36  . 
£4     . 


Specifle  rrsvlty 
Al  14«. 
1  1403 
1-2338 
1-3840 
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bogie  phosphates :  they  are  decomposed  even  by  carbonic  add,  producing  mixtores  of 
alkaline  carbonate  and  dimetallic  phosphate :  e.g. — 

Na«PO*  +  H'CO«     -     Na«HPO*  +  NaHCO*. 

Among  dimetallic  phosphates,  those  of  the  alkali-metaLi  are  soluble  in  water.  They 
are  often  called  neutral  phosphates,  though  their  solutions  hare  a  feebly  alkaline 
reaction.  The  remaining  dimetallic  phosphates  are  unstable,  and  generally  insoluble 
compounds,  which  have  a  strong  tendency  to  decompose  into  soluble  monometallic  and 
insoluble  trimetallic  salts. 

The  monometallic  phosphates  are  all  soluble  in  water,  forming  strongly  acid  solu- 
tions. Most  trimetalhc  phosphates  dissolve  to  a  greater  or  less  extent  in  aqueous  phos- 
phoric, nitric,  and  hydrochloric  acids,  being  probably  converted  at  the  same  time  into 
monometallic  salts ;  but  monometallic  phosphates  of  the  heavy  metals  are  not»  except 
in  a  few  instances,  known  as  definite  compounds. 

Under  ordinary  circumstances  the  heavy  metals,  silver  and  lead  for  instance,  form 
only  one  class  of  orthophosphates,  viz.  the  trimetallic  phosphates;  consequently,  when 
a  solution  of  a  monometallic  or  dimetallic  phosphate  of  alkali-metal,  which  is  either 
neutral  or  slightly  alkaline  to  test-paper,  is  added  to  a  perfectly  neutral  solution  of 
nitrate  of  silver,  or  other  heavy  metallic  salt,  a  precipitate  of  tnmetallic  phosphate  is 
produced,  and  free  acid  passes  into  the  solution,  so  that  the  liquid  acquires  a  strong  acid 
reaction;  e. ff, — 

NaH«PO«     +     8AgN0»        «        Ag»PO*     +       NaNO"   +     2HN0«. 
Na«HPO«     +     SAgNO*         -         Ag*PO*     +     2NaN0»   +       HNO». 

Reactions. — 1.  Soluble  orthophosphates  give  with  nitrate  of  silver  a  lemon-yellow 
precimtate  of  triargentic  phosphate,  Ag'PO\  soluble  in  nitric  acid  and  in  ammonia. 

2.  With  acetate  or  nitrate  of  lead  they  form  a  white  precipitate  of  triplumbic  phosphate, 

Pb'PK)*,  insoluble  in  ammonia  and  acetic  acid,  soluble  in  nitric  acid.  If  a  chloride  is 
present,  the  precipitate  contains  chloride  of  lead  chemically  combined  with  the  phos- 
phate. Phosphate  of  lead  fused  before  the  blowpipe  forms  a  crystalline  bead  on  cooling. 

3.  With  tne  chlorides  of  barium  and  calcium,  orthophosphates  give  white  pre- 
cipitates of  dimetallic  phosphates,  Ba'HPO^  and  Ca'^PO\  easily  soluble  in  nitric, 
hydrochloric,  and  acetic  acid. 

4.  With  sulphate  or  chloride  of  magnesium,  to  which  ammonia  and  chloride  of  am- 
monium have  b^n  added,  they  give  a  white  crystalline  precipitate  of  ammonio-ma^- 
nesian  phosphate,  (NH«)<BI^P*0*.12HK),  easily  soluble  in  all  acids,  slightly  soluble 
in  pure  water,  but  absolutely  insoluble  in  water  containing  free  ammonia,  even  in  presence 
of  excess  of  ammoniacal  salts.  In  very  dilute  solutions  the  precipitate  forms  very 
slowly ;  its  deposition  is  accelerated  by  scratching  with  a  glass  rod  the  inside  of  the  vessel 
containing  the  solution.  *" 

6.  With /tfrrie  chloride,  soluble  orthophosphates  give  a  yellowish-white  precipitate  of 
ferric  phosphate,  Fe*TO\  soluble  in  hydroddoric  acid,  in  excess  of  ferric  chloride,  in 
ferric  acetate,  and  in  ammonia,  but  absolutely  insoluble  in  acetic  acid ;  so  that  it  forms 
when  acetate  of  sodium  is  added  to  its  solution  in  hydrochloric  acid,  or  when  acetate 
of  sodium  and  a  little  ferric  chloride  are  added  to  the  solution  of  an  alkaline-earthy 
phosphate.* 

6.  Uranic  nitrate  behaves  with  soluble  orthophosphates  in  the  same  manner  as  ferric 
salts. 

7.  Mereurous  nitrate  gives  with  soluble  orthophosphates  a  whit«  predpitate 
easily  soluble  in  nitric  acid.  If  the  solution  of  any  orthophosphate  in  excess  of  nitric 
acid  is  evaporated  over  the  water-bath  to  complete  dryness  with  excess  of  metallic  mnr- 
cury,  and  the  dir  residue  (which  contains  no  free  add)  is  treated  with  water,  all  the 
metals  contained  in  the  phosphates  are  dissolved  as  nitrates,  while  the  whole  of  the 
phosphoric  add  remains  undissolved  as  mereurous  phosphate.  This  reaction  is 
employed  by  H.  Rose,  for  the  separation  of  phosphoric  add  frt>m  all  metals  except 
mercury. 

8.  With  nitrate  of  bismuth,  soluble  orthophosphates  give  a  white  precipitate  of 
bismuth-phosphate,  Bi^PO*.  insoluble  in  dilute  nitric  add. 

9.  When  a  solution  of  molybdate  of  ammonium  is  added  to  the  solution  of  any  ortho- 
phosphate  containing  free  nitric  acid,  and  the  whole  is  heated,  the  solution  immediately 
turns  vellow,  and  a  bright  yellow  predpitate  ofphosphomolybdate  of  ammonium  is 
formed  either  immediately  or  after  some  time.  Tnis  predpitate  is  insoluble  in  adds, 
soluble  in  ammonia  or  in  excess  of  the  phosphate ;  hence  this  reaction  is  |>ecnliarly 
fitted  for  the  detection  of  small  traces  of  phosphoric  add  (as  in  minerals,  soils,  or  the 
deposits  from  mineral  springs). 

•  Ars«nic  r.cid  exhIMtt  this  reaction  u  well  at  phckiphoric  add  ;  and  aluminittm*MlU  are  prec^iltated 
under  the  tame  drcumsuncet,  though  not  so  completely  as  ferric  salts. 
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Far  the  (l<?l«*tion  of  vrthoplio^phoric  aci*!  in  nculrul  or  nlkalhtt*  tt^jliuion^  chhrithrof 
^Mmtftiium^  ammonia^  and  a  magHt»iuitt*stdt  are  generally  **mploycd — in  an  acid  soltilion, 
^frric  fhhtidf  und^  aeetait  o/mdium.  TFii«  most  dclicati'  reagi'ot  of  lUl  j«  mtt/yhdatr  of 
tfniMllilli,  Arsenic  ai^'id,  which  exhibits  all  thpsc  reactions,  i§  oti^ilj  distinginahed 
flMB^Mbhoric  ndd,  and  if  prtveot  maj  bo  rntircly  n?movi?d,  l>y  pstHsiog  aulphydnc 
anil  giw ffifough  fh<»  ffailutiOD  preriotialy  tniji<:^  wit^  '-'  -  t*^ti9  ada  {i.  638).  M«trt- 
i  It    -^phoric  and  pyrophoapboric  acids  ar^  -hrd  from  orthophosjjhoric 

tv-u\  Viy  th<nr  reaction  with  nitrate  of  nWer  (the  t  >  by  its  prop<*rty  uf  tx>KgD- 

Inting  albumin,  p.  S3B);  alao  by  moIylKlatf^  of  aruntontnin,  with  whieb  tht'y  do  not 
proiiiH'*^  any  yellow  precipitAto  or  cnlGration  ontil  they  are  couvt^rti'd  by  the  hf«  nitric 
arid  prewot  into*^rthophoi»phoric  aclcL 

Tnm^t.tllic  orthupbosphnt*^  of  ftx«d  b<i»mi  are  not  at  all  di^compoaed  by  ignition  : 
dim*^t.illir  and  m  *  ^'i  •  phosphates  ar^  conr-  ^    '  *  -  !■  nition  into  pvrophoftphuU's 

anilm«'tft|li«»->ph;i  vdy.  Thetrimotalbr'i  I  idknU-melalii  iindalkiilinr 

earlh-mt'talft  ht^j  i:  ^  '"ml  by  ignition  with  c  ,  .  a  the  mono-  anddimetiitlio 

phoephntf-^  of  thefie  baari*  are  drcompo^fd  into  trimc*taibc  pho*phatr»  and  free  phosphoms 
(p. 600).  Th*»  trimetallic  r>h<i«phiU«'S  of  the  h#*ary  rnftah,  on  the  rontrary,  ar#*  d«'foni|if>i«i«rl 
l»y  ignition  with  chareonl,  gfnerally  yielding  metallic  phoitph idea;  but  the  Idnd-Hall  yu'hU 
niefallic  b-ad  and  phOf(phonia*vapour.  The  aevcral  phuaphateauf  magiiestitm  when  heated 
witJi  chareoAl  give  off  phoe^oma  and  leave  ^lllgDe^iH.  Pn(txj'»imit  ot  sodium  heatr-d  with 
phosphates  eH^eta  a  rHliietion  of  tlie  aalta  and  formation  of  a  pho^^phide  of  the  alkali- 
tnefal,  which  givea  off  phoephoretted  bydirigenwhen  mointen^'d  vvilli  watt>r.  Tito  idka- 
line-earthy  pWpluife^  arc  only  partially  deccmpoaed  by  fuiiion  with  an  olkaJine  <sar- 
Umate^  while  mo«»t  other  insoluble  pho^^phntea  (r»y.  thoM^  of  ma^eainm,  zinc,  copper, 
TOftDganese,  and  iron)  are  completely  decompoeed  by  this  mrans;  the  fnjif^i  wian^ 
alwaya  contains  orthoohoflphonc  acid.  By  boiling  in  a  solution  of  caa«<tic  alkali 
or  alkaline  carl^natr  ihn  iuMjIubJe  phosphates  are  only  partiiklly  or  not  at  all  deeom- 
|«jsed.  Phosphate  of  nlaminiuni  cim  only  be  decon;i)o*»*'d  (in  the  dry  way)  by  fntFion 
with  its  own  weight  of  silica,  and  six  times  ita  weight  of  sodic  carbonate. 

Quantiiativ$  Analysis  0/  Phosphates  :  Estimation  and  Separatian  0/ 

Phosphoric  Acid, 

1.  Sitimatifm  bj/  means  *>/  Lrad-nTide^ — When  phoaphofric  ndd  exist  a  tn  a  aolntion 
eoottining  no  flxed  ba.s»\  und  no  other  acid  except  nitric  acid,  it  may  be  estimated 
by  adding  a  known  weight  of  Icad-oxide,  then  eraporatiug  and  calcining  in  the  manner 
already  dcscrilKKl  for  the  e^timaltcm  oC  hypnpho«phorouH  acid  (^  624).  This  metliod 
is  diroetly  applicable  to  the  estimaticm  of  phoaphoric  add  in  all  it«  niodificntions* 

2.  //y  prtiifHtatian  as  Ammomo-magnisian  Ph**spkatr. — The  pivcipilalion  of  ortho- 
pho^phonc  acid  frt^in  an  ttqueooa  §c«lution  in  which  it  exists  in  the  fn-e  state  or  com- 
Itined  with  an  alkali,  is  bust  effected  by  the  addition  of  anlphiite  of  magnefiium  antl 
excess  of  ammonia,  chloride  of  ainmoninm  beiijg  lik^^wi^^c  added  to  prevent  the  pr*V4pi- 
tuition  of  nwigtiesia  in  the  form  of  hydrjitc.  Thephosjfhoric  aciJ  in  then  precipitated  as 
ammoniD-magnrttian  phosphiiti*,  (NH*)*Mg*P*C>V  The  priciintate  does  not  seiile  down 
at  once,  but  iti!  dtp^osition  may  be  accelerated  by  leanng  the  vessel  in  a  warm  pbice. 
Cape  must  be  taken,  however,  not  to  allow  the  liquid  to  become  very  hot,  aa  in  that 
ease  hydrate  of  magne^inm  will  be  precipitated,  and  will  l»e  very  d  fficnll  to  redit»Bolve. 
The  precipitate,  after  .standing  for  about  two  bonra^  is  collc'-te^i  on  a  filter  and  washed 
with  water  oonta^ing  ammonia,  as  pure  water  decomjKjfios  it.  It  is  tlun  dried  and 
ignited,  whereby  it  in  conrerted  i»t43  pyro[»hosiphiite  of  magiieeiumf  Mg*0.P'O*  ur 
Mg*P»l)\  containing  63*67  per  ceaL  of  pbo«*phoric  anhydride,  P'O',  and  27-98  per 
cent,  of  phosphorus. 

If  the  pbofcphoric  acid  is  in  the  state  of  mcta-  or  pyrophosphoric  acid,  it  must  fir>t  be 
(«oTir«*rted  into  the  orthopbosphoric  add  by  fhning  the  salt  with  fiTo  or  six  times  its  weight 
'.'  of  sodium,  or,  better,  with  a  mixJure  of  carbonate  of  potaasinm  and  car- 
I  .bum  in  equivalent  proportions,  which  fnijea  at  a  much  lower  temperature, 

i'jr  LHi^  ML^um  with  excess  of  an  alkaline  carbontiti^  the  phosphoric  add  is  in  motitca^s 
completely  eepamted  frcmi  any  other  baise  with  which  it  may  be  combined,  and  contert*-d 
into  a  tril>aiiic  phosphate  of  the  alkali-met al,  which  may  then  be  trented  aa  above. 
The  conversion  may  also  be  effected  by  prolonged  bt»iling  with  water,  acid^;,  or  alkalis^ 

3.  As  Pkoitphtite  ftf  Bismuth. — In  a  solution  free  from  sulphuric  or  hydn>chloricftcid, 
phu^phoric  acid  may  be  correctly  estimated  by  precipitation  with  nitnite  of  bismuth.  The 
pr*H"ipiiat4*coi]siMt8ofbismuth-pho»pImte,Ki'''PO*<>rBi'O^P*U*,contaitiing23  28  percent, 
P-0*.  Pyrfjpboitpboric  acid  \n  also  eomjiletely  prccipitatKl  by  nitrjUe  of  bismuth,  the  pre- 
cipitate *iBi'U*,;tP'0^  containing  31  '28  p#  r  cent.  I^'O*;  metaphosphnrio  acid  mUKt  W  con- 
Tcrted  into  orthriphosphoric  acid  by  iM^iling  with  nitric  acid.  8ul|>huric  and  hydro- 
chloric acids,  if  present,  must  be  removed  by  precipilatitm  with  chloride  of  barium  and 
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nitrate  of  silver  rMpectivelv,  the  excess  of  silver  in  the  latter  case  being  then  precipi- 
tated by  snlphydric  acid.  If  Uie  solution  contains  iron  in  the  state  of  fenic  nit,  the 
phosphate  of  bismuth  is  but  slowly  precipitated,  and  always  contains  iron,  but  this  source 
of  error  may  be  obviated  by  reducing  the  ferric  oxide  to  ferrous  oxide  (best  with  snl- 
phydric acid) ;  the  process  is  thus  rendered  available  for  the  estimation  of  phosphorie 
acid  in  soils,  coprolitee,  iron  ores,  &c  (Chancel,  Compt  rend.  1.  416;  li.  882).  Ao- 
cordinff  to  M'Cnrdy,  Brush,  and  Johnson,  however  (Sill.  Am.  J.  [2]  xxxi.  281 : 
Jahresb.  1861,  p.  823),  the  alumina  in  such  substances  introduces  a  similar  error;  and 
the  process  is  likewise  inapplicable  to  solutions  oontainingr  chromic  or  nranic  oxide. 

4.  Estimation  by  means  of  Stannic  Oxide. — This  meth<^  first  proposed  by  Rey  noso 
(Ann.  Ch.  Pharm.  Ixxx.  354  ;  Jahresb.  1851,  p.  613),  depends  on  the  insolubility  of 
stannic  phosphate  in  nitric  add.  A  known  weight  of  pure  tin-foil,  and  the  substance 
in  which  the  phosphoric  add  is  to  be  determined,  are  treated  simultaneously  with  an 
excess  of  nitnc  add ;  the  liquid  is  filtered  as  soon  as  the  tin  is  completely  oxidised,  and 
the  residue  is  washed,  dried,  and  calcined.  Its  weight,  diminished  by  that  of  the  stannic 
oxide  formed  from  the  weight  of  tin  employed,  gives  the  quantity  of  phosphoric  anhy- 
dride present    The  nitric  add  solution  contains  all  the  bases  present. 

In  oaldning  the  stannic  phosphate,  care  must  be  taken  to  allow  free  access  of  air,  as 
otherwise  part  of  the  stannic  oxide  may  be  reduced  by  the  carbonaceous  matter  of  the 
filter  or  of  the  flame ;  to  avoid  such  sources  of  error,  it  is  best  to  moisten  the  mass  with 
nitric  add  before  caldning.  It  is  also  neoessaiy  that  the  tin  be  quite  pure  and  added 
in  considerable  excess,  equal  to  eight  or  ten  times  the  weight  of  the  phosphoric  add  to 
be  estimated. 

A  modification  of  this  method  proposed  by  Beissig  (Ann.  Ch.  Pharm.  xcviiL  339 ; 
Jahresb.  1856,  p.  726^  consists  in  oissolving  the  washed  predpitate  of  stannic  phos- 
phate in  caustic  potasn,  diluting  with  water,  saturating  with  snlphydric  add,  and  adding 
an  excess  of  acetic  or  dilute  sulphuric  add,  which  predpitates  the  tin  as  stannic  sulphide. 
The  phosphoric  add  remains  dissolved,  and  may  be  predpitated  from  the  filtmte  as 
ammonio-magnesian  phosphate. 

Precipitation  by  ifranic  salts. — This  method,  first  proposed  by  Leconte  (Compt. 
rend.  xxix.  55 :  Jahresb.  1849,  p.  572 ;  1853,  p.  642),  and  afterwards  modified  by 
Arendt  and  Knopp  (J.  p»r.  Chem.  Ixx.  385;  Jahresb.  1856,  p.  728),  consis-ts  in  pre- 
cipitating the  phosphoric  add  by  a  solution  of  uranic  acetate.  This  solution,  prepared 
by  predpitating  uranic  nitrate  or  chloride  with  ammonia,  and  dissolving  the  precipitate 
in  acetic  add,  without  previous  filtration,  is  added  to  the  solution  containing  the  phos- 
phoric add,  which,  if  it  contains  inorganic  adds  (it  is  best  to  dissolve  the  phosphate  in 
nitric  or  hydrochloric  add),  should  be  previously  mixed  with  acetate  of  sodium.  On 
heating  the  mixture,  a  yellow  precipitate  is  formed,  consisting  of  ammonio-uranie  phos- 
phate, which  is  reduced  by  ignition  to  uranic  pyrophosphate,  2U'0*.3P*0*.  The  bases 
previously  combined  with  the  phosphoric  add  remain  in  solution,  the  phosphates 
of  diatomic  metals,  barium,  calcium,  magnesium,  &c.,  being  easily  decomposed  in  this 
manner,  and  even  aluminic  and  ferric  phosphates  being  decomposed  by  prolonged 
heating  with  a  laige  excess  of  uranic  acetate  in  presence  of  acetate  of  ammonium  and 
free  acetic  add;  but  the  method  is  not  much  used,  on  account  of  the  great  difficulty  of 
thoroughly  washing  the  precipitate  of  ammonio-uranie  phosphate. 

6.  Estimation  by  means  of  Ferric  salts. — This  method,  proposed  byBerthier,  con- 
sists in  adding  to  the  solution  of  the  phosphate  a  solution  of  ferric  nitrate  or  chloride 
containing  a  known  quantity  of  iron  (best  prepared  by  dissolving  a  known  weight  of 
clean  iron-wire  in  nitro-munatic  add),  and  precipitating  by  ammonia.  The  predpitate, 
consisting  of  ferric  phosphate  with  excess  of  ferric  oxide,  is  carefully  washed  with  hot 
water,  then  dried  and  ignited ;  its  weight,  diminished  by  that  of  the  ferric  oxide  pro- 
duced from  the  known  weight  of  iron,  gives  the  quantity  of  phosphorie  anhydride 
present. 

It  is  important  to  use  an  excess  of  iron  (at  least,  1  pt  of  iron  to  2  pts.  of  phosphorie 
anhydride  to  be  estimated),  otherwise  a  phosphate  of  iron  will  be  formed  whidi  dis- 
solves in  ammonia.  But  even  when  the  proper  quantity  of  iron  is  added,  there  is  still 
a  loss  of  ferric  oxide  during  the  washing  of  the  precipitate,  the  wash-water,  whether 
pure  water  or  water  containing  ammonia  be  used,  being  always  more  or  less  coloured : 
hence  this  method,  in  the  form  above  described,  cannot  be  depended  upon  when  great 
accuracy  is  required.  For  the  precipitation  of  pyrophosphoric  add,  a  still  larger  quan- 
tity of  iron  is  required  than  for  orthophosphoric  acid. 

Much  more  exact  results  are  obtained  by  nearlv  neutralising  the  liquid  containing  the 
phosphoric  acid  and  the  ferric  salt  with  an  alkali  or  alkaline  carbonate,  then  adding  a 
considerable  quantity  of  sodic  acetate,  and  boiling.  The  whole  of  the  j^hosphoric  add 
and  iron  are  thereby  precipitated  as  basic  ferric  phosphate,  mixed  with  basic  ferric 
acetate,  while  the  solution  becomes  perfectly  colourless,  and  does  not  retain  a  trace  of 
iron.    The  liquid  is  then  to  be  boiled,  filtered  while  still  hot,  and  washed  with  boiling 
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water  ooatatiiiug  n  liMli^  sier>f.'Lte  of  ainmonium.  Tho  urashin]  priH*tpiUtp  is  dried  an<1 
calcined  m  u  pLHtinum  crucible,  the  residue  tlieu  momU'iiHd  with  a  littk-  intrie  ncid, 
bAftted  again  and  weLghfnl,  and  the  quantity  of  pbofiphurit^  atihydrid«>  calculate  na  b^^foiv. 
Tb«  m(«thod  thus  modified  maj  be  uaed  for  tlie  wpunUioQ  of  phoapboeic  ncid  frDio 
barjta,  ■trcntis,  lime,  and  magneaia. 

AnotbiT  otodiilcHtioi]  of  Berthier't  roaibod  introduced  by  Kobnll  (J,  pr.  Cham, 
zxxti.  301  ;  Jahn'db.  ]8i9«  p.  666)  cooaifto  id  precipitating  the  solution  of  pnosphonc 
acid  and  frrric  oxide  with  carbrmate  of  bariutn  instead  of  ammonia.  The  waahedand 
dnc'd  pn^cipitate  \%  weighed,  thoa  diai«oIred  in  hydrocMorie  acid,  and  the  barium  ii 
precipitated  by  mitphunc  acid.  The  weight  of  barvtic  i^ulphjute  thus  obtained  gives,  by 
etlcujaiion,  the  quantity  of  barj tic  carbt»nate  added;  and  this  weight,  together  witi 
that  of  the  ferric  oxide  deducted  from  the  total  weight  of  the  precipitate,  gives  the 
quantity  of  pboephorio  tinbydride.  This  method  may  be  used  for  the  Deparation  of 
phoapboric  arid  from  all  baaet  which  are  not  precipitated  by  carbonate  of  baritim. 

7.  By  Qrrh  mdlB, — A  voliitiot)  of  eerie  nitr»t«  or  sulphate  produces  in  the  nitric  acid 
ftolution  of  any  phosphate,  e.g,  calcic,  ferric,  uninic,  ur  alumtnic  phosphate,  a  white  er 
ulightly  yeUowish  precipitate  of  eerie  phosphate  of  constant  compost tion  and  iu*olublfl 
in  tbe  acid  liquid.  (D amour  and  H.  De  ville^  Instil.  18^8,  p.  69  ;  Jahreeb.  186 A, 
p.  A93.) 

Votu  mriric  Mr  t  hod*. — Tbe  Tolumetric  process  -nost  generally  used  for  the  eatima* 
tion  of  pboapboric  acid  is  that  of  Liebig,  which  depends  upon  the  ioeolnbitity  of  ferrie 
phoispbate  in  acetic  acid.  Tbe  solution  containing  the  phoephuric  acid  is  mixed  with 
acetic  acid  or  acetate  of  «odlum,  according  as  it  Im  neutral  or  acid  ;  and  a  solution  of  feme 
chloride  or  ammonfo-aluminic  sulphate  (ammonia-alum)  of  known  strength  is  added,  in 
quantity  joet  tuffieiciit  to  precipitate  the  whole  of  th(^  phosphoric  acid  as  ferric  phos- 
phate (F^»0*.P*0»  or  Fo'PO*).  The  chief  difficulty  in  this  process  is  to  detprmine 
the  moment  when  tbe  precipitation  ia  complete.  For  this  purpose,  Liebig  places  a 
drop  of  solution  of  ferrocyanide  of  potassium  on  a  piece  of  white  fliter-paper,  lesres  it  to 
spread,  then  kys  another  piece  of  filt^^r- paper  orer  tbe  first,  and  places  on  it  a  drop  of  tbe 
liquid  to  which  the  ferric  phosphate  has  been  added.  This  Hquid^  in  passing  through 
the  piiper,  parts  with  tbe  ferric  phosphate  which  it  holdj^  in  suspension,  before  it  comes 
in  contact  with  th«  solution  of  ferrocyanide  on  the  lower  piece  of  paper :  hence  no 
bluing  of  the  latter  will  take  place,  uoless  the  liouid  contains  an  e:xc«sii  of  ferrie 
chloride,  Th**  addition  must,  therefore,  be  continued  till  a  faint  blueing  of  th«*  ferro- 
cyanide jiitft  begiutt  to  take  place.  This  method  b  naed  by  Liebig  for  the  estimation 
of  phosphoric  acid  in  urine. 

Kaewsky  (iahresb.  1847-8,  p.  945)  adds  an  excesa  of  the  ferric  solution,  coUecta 
the  precipitated  ferric  phosphate  on  a  filter  ;  dissolves  it,  after  washing,  in  bjdrochlorie 
acid ;  and  det<rrmines  tbe  quantity  of  iron  in  it  by  Margucritte's  method  with  per- 
mnnganate  of  potaanum  (i.  263) ;  and  thence  calculates  the  quantity  of  phosphoric  ft«id 
Irom  tbe  formula  Fe*'PO*. 

Ginermt  Methods  o/  separating  Pkcspkaric  Acid  from  HattM, 

a.  By  MrrcurouM  Niiraif, — This  reaction,  already  mentioned  (p.  642),  affords  the  means 
of  separating  phosphoric  acid  from  all  bases  whatever.     The  phosphate,  or  mixture  of 

Eitpbates,  being  dissolved  in  nitric  acid,  the  solution  may  either  be  evuporated  to 
nees  in  contact  with  metallic  mercury,  or  eixaetlv  neutndis«4  with  caustic  potash  of 
a,  and  then  mixed  with  mercurous  nittnte,  which  tbrows  down  the  mercury  aa 
mereurana  pboapbate. 

In  moet  cmet  Iba  firat  of  these  methods  is  to  be  preferred.  The  solution  of  tbo 
pho«pbste  in  nitric  ecid  is  placed  in  a  porcelain  ba^in,  and  pure  metallic  mercury  i« 
arldpfl.  in  such  quantity  that  a  small  portion  mny  remain  undissolved  by  tbe  nitric  acid« 
The  liquid  is  then  ernporated  to  complete  dryness  over  a  water^bath,  so  as  to  expel 
the  wholi^  of  the  free  nitric  acid ;  aud  tne  residue  is  treated  with  water,  which  dissolvM 
all  the  bsses  as  nitrates,  leaving  tbe  phosphoric  acid  undissolved  as  mercurous 
pho?iphate.  This  salt,  after  drying,  is  mixed  in  a  platinum  crucible  with  an  excess  of 
dry  carbonate  of  sodium,  or,  better,  of  a  mixture  of  potassic  and  sodic  oirbonates  in 
equivalent  proportions ;  and  heated  over  a  lamp,  first  to  a  temperature  below  redness, 
and  not  sufficient  to  fuse  the  mass,  till  all  the  metallic  mercury  and  all  tJie  mRrcury' 
salts  excepting  the  phosphste,  are  expelled— then  to  tbe  highest  tern pf«ratiir**  i^btainable 
by  the  f^as-fiame.  The  merciirous  pbosphate  is  thereby  decomposed,,  tbe  mercury  being 
i'xpelled  and  an  alkaline  phosphate  produced.  This  when  cold  is  dissolved  in' water, 
und  the  phosphoric  acid  precipitated  sa  ammonio-magnesiau  phosphate. 

This  method  gives  jt^ij  cjtact  results,  provided  care  be  taken  to  dry  tbe  reaidue 
obtained  on  evaporating  the  nitric  acid  solution  venr  completely,  so  that  no  free  nitric 
acid  may  remain  to  bold  anv  of  the  oriffinal  phonphjite  in  atilution,  and  in  fiising  ths 
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mercnrous  phosphate  with  alkaline  carbonate,  to  regulate  the  heat  very  carefully  in. 
the  manner  aboTC  described,  so  as  to  avoid  loss  by  spirting.  When  properly  carried 
out^  it  is  regarded  by  Rose  as  the  best  of  all  methoos  of  separating  phosphoric  acid 
fSrom  bases.  It  is  moreover  applicable  in  the  manner  just  described  to  the  analysis  of 
all  phosphates  excepting  those  of  iron  (ferricum)  and  aluminium,  in  which  cases  it  requires 
certain  modifications.  The  nitrates  of  these  bases  when  evaporated,  even  at  the  heat  of 
the  water-bath,  give  off  part  of  their  nitric  acid,  and  are  thereby  rendered  to  a 
^[reat  extent  insoluble  in  water,  so  that  when  their  nitric  acid  solution  is  evaporated 
in  contact  with  metallic  mercury,  and  the  residue  treated  with  water,  a  small  portion 
only  of  the  iron  or  aluminium  passes  into  the  aqueous  solution,  the  larger  portion 
remaining  undissolved,  toother  with  the  mercurous  phosphate.  In  the  case  of  iron 
the  process  requires  but  little  alteration,  tor  when  the  dried  residue  is  ignited  with  the 
alkaune  carbonate,  the  ferric  phosphate  is  completely  decomposed ;  so  that^  on  treating 
the  fused  mass  with  water,  the  whole  of  the  phosphoric  acid  passes  into  solution  as 
before,  while  the  iron  remains  as  ferric  oxide,  and  its  amount  may  be  added  to  that 
which  has  passed  into  solution  as  nitrat«.  In  the  ease  of  aluminium,  however,  the 
process  in  this  form  is  no  longer  applicable,  for  aluminic  phosphate  is  but  very  im- 
perfMly  decomposed  by  fusion  with  alkaline  carbonates.  In  this  case,  therefore,  it  is 
necessary  to  adopt  the  second  form  of  the  process  above  mentioned,  which  consists  in 
precipihiting  the  neutralised  solution  of  the  phosphate  in  nitric  acid  with  mercurous 
nitrate,  separating  the  precipitated  mercurous  phosphate  by^  filtration,  washing  it  with 
water  containing  a  little  mercurous  nitrate,  and  deoomposing  it  when  dry  by  fusion 
with  alkaline  carbonate,  as  above.  The  filtrate  contains  all  the  aluiriiniuro,  toc^ther 
with  the  excess  of  mercurous  salt.  The  greater  part  of  the  mercury  is  precipitated  from 
it  by  hydrochloric  acid ;  a  smaller  portion,  which  has  passed  into  the  state  of  mercuric 
salt  and  still  remains  dissolved,  is  separated  by  sulphydric  acid ;  and  in  the  remaining 
solution  the  aluminixmi  is  determined  by  the  usual  methods.  If  any  of  the  alkaline  earths 
are  also  present,  especially  lime,  this  last  mode  of  separation  cannot  be  applied,  because  a 
small  quantity  of  earthy  phosphate  is  then  precipitated,  together  with  the  mercurous 
phosphate. 

For  full  details  of  the  preceding  process,  see  H.  R  o  s  e.  (  JVaiti  de  Chimie  A  nalytimte, 
H.  708.) 

jB.  By  Nitrate  of  Silver  or  Nitric  Acid  and  Metallic  Silver. — The  mode  of  proceeding 
is  similar  to  that  with  mercurous  nitrate,  excepting  that  when  the  phosphoric  add  is 
precipitated  from  the  neutralised  solution  by  nitrate  of  silver,  the  phosphate  of  silver 
must  be  collected  on  a  tared  filter,  and  weighed  after  drying  at  100^. 

7.  Precipitation  by  Molybdate  of  Ammonium. — The  molybdic  solution  is  prepared  by 
dissolving  1  pt.  of  molybdic  trioxide  in  8  pts.  of  strong  aqueous  ammonia,  ana  mixing 
the  solution  with  20  pts.  of  nitric  acid.  This  liquid  is  added  to  the  solution  of  the 
phosphate  in  nitric  acid,  in  such  proportion  that  the  quantity  of  molybdic  trioxide 
may  be  thirty  or  forty  times  as  great  as  that  of  the  phosphoric^acid  to  be  determined. 
The  liquid,  together  with  the  resulting  yellow  precipitate,  is  digested  for  several  hours 
at  a  rather  high  temperature,  and  the  precipitate  is  washed  on  a  filter  with  the  liquid 
which  has  been  used  for  the  precipitation.  The  yellow  precipitate  is  then  dissolved 
off  the  filter  by  ammonia,  and  the  phosphoric  acid  is  precipitated  from  the  filtrate  as 
ammonio-magnesian  phosphate. 

This  method  serves  for  the  separation  of  phosphoric  acid  from  the  alkaline  earths, 
the  other  earthy  oxides,  and  likewise  from  alumina,  ferric  oxide,  and  many  other 
metallic  oxides ;  but  it  cannot  be  depended  upon  for  giving  exact  results,  excepting 
when  the  quantity  of  phosphoric  acid  to  be  determined  is  very  small,  ^^rrophospoorie 
and  metaphosphoric  acids,  to  be  determined  by  this  method,  mustfirst  bo  converted  into 
orthophosphoric  acid  by  prolonged  boiling  with  nitric  acid. 

Lipowits  (Fogg.  Ann.  cix.  136;  Jahresb.  1860,  p.  700)  dissolves  2  pts.  molybdie 
trioxide  in  a  warm  solution  of  1  pt.  tartaric  add  in  15  pts.  water ;  adds  10  pts.  aqueous 
ammonia  of  specific  gravity  0*97,  and  15  pts.  nitric  acid ;  heats  the  whole  to  boiling ; 
filters  from  a  small  quantity  of  molybdic  tnoxide  which  separates ;  and  uses  the  resulting 
solution  for  the  quantitative  estimation  of  phosphoric  add  by  direct  precipitation.  For 
this  purpose  a  ouantit^  of  the  solution  (about  5  or  6  c  c.  to.  0*05  grm.  phosphoric 
anhydride^  to  be  determined)  is  heated  to  boiling  in  a  porcelain  dish,  the  addulated  sola- 
tion  of  the  phosphate  is  added,  the  yellow  predpitate  is  collected  on  a  weighed  filter, 
washed  with  water  containing  ^th  of  nitric  add,  and  dried  at  20^ — 30°,  or  better,  over 
oil  of  vitriol,  and  weighed.     It  contains,  according  to  Lipowits,  3*007  per  cent.  P'O*. 

It  must  be  observed,  however,  that  the  yeUow  precipitate  is  soluble  in  a  large 
quantity  of  tartaric  acid.     (H.  Rose.) 

7.  By  Sulphuric  Acid  and  Alcohol. — ^As  many  sulphates,  especially  those  containing 
strong  bases,  are  insoluble  iu  alcohol,  the  separation  of  phosphoric  acid  from  the  cor- 
responding bases  may  be  effected  by  mixing  the  solution  of  the  phosphate  in  water. 
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^^^  icid.  or  hydrochloric  idd,  with  gulpharic  rneid  and  with  nleuhol — ^th*>  base  being 
Uttt^toeci phtLttA  AB  stilpbato,  while  the  pbospborir  licid  r^njuinB  dissok^^  in  the 
tlsofllm.  This  motboj  is  found,  however,  to  give  exuct  rraults  only  when  applied 
to  the  phosphatev  of  the  idkaline  eiuth'niettilfl  mud  phosphate  of  lead*  With  oth^r 
basf«  Kn  error  of  4  per  cent,  iometimefl  ariees.  erea  wtieo  the  ttoalysis  ii  peiformf'd  with 
ali  possibli^  cftre,  and  ether  it  addfd  u  well  as  alcohoL 

9.  B^U  fv*ion  utth  Aikaline  CarhonatfS.—MAnj  phosphate  tun  completely  decom* 
po«(Nl  by  fusion  with  esce»8  of  alkaline  cfirbonate,  a  mi^tu're  of  potaissic  nod  sodie 
carl^jonate^  4n  eqiUTalent  pruportiou*  being  the  roost  convenient  for  the  purpose.  The 
ihospbHti -•<  of  thA  heavy  metals  are  for  the  most  part  easily  deoor^posed  in  thiti  manner, 
_ii]f  toe  phoNphatPsoi  the  alkaline  earth-metals,  and  espeeiiUly  phosphate  of  ealctum,  sre 
but  imperfectly  decomposed  thereby,  and  must  therefore  be  tr«»tea  by  other  methods* 
The  decomposition  bj  fusion  with  alkaline  carbonute,  when  it  can  be  applied,  is 
eapmuUy  convenient  for  the  analysis  of  phosphates  mixed  with  sulphates,  ehlorides, 
and  oth(*r  salts,  the  several  adds  passing,  together  with  the  phosphoric  acid,  into  the 
stjtte  of  alkali ae  salts. 

t.  Bjf  Tartaric  or  Citric  Acid. — The  precipitation  of  muny  metals  from  nlutions  of 
their  shUm  by  alkalis,  is  prevented  by  the  presence  of  certain  fiied  omnic  substances, 
t&rtaric  and  citric  acid  among  the  nurol«r.  Hence  the  separation  of  phosphoric  acid 
ftt>m  such  bases  may  be  efTectKl  by  adding  to  the  solution  of  the  phosphute  a  consider- 
able quantity  of  tartaric  or  citric  acid,  then  an  excess  of  ammonia,  sal-ammoniac,  and 
sulphate  of  magnesium.  The  phoephoric  acid  is  then  precipitated  as  ammonio-magne- 
siau  phosphate,  while  the  bases  remain  in  solution.  ^Vh«^  tartaric  acid  is  used,  m 
ori^;iuallv  proposed  by  Otto,  a  small  quantity  of  tartrate*  of  magnesium  is  frequently 
pr('cipjtati?d,  together  with  the  ammomo-mjignesian  phosphate,  and  is  difficult  to  get 
rid  uf:  l^t^nce  R,  Warington^  Jun.  (Chem.  Soc  J,  xvi,  304 X  recommends  the  wie  of 
citric  iici^  which  does  not  introduce  this  source  of  error.  Sometimes  a  umall  quiintity 
of  the  base  is  precipitated,  together  with  the  phosphate,  in  spite  of  the  presencp  of  the 
organic  acid.  To  guard  sf^ainst  this  source  of  error,  it  is  best  to  redissolve  the  preci* 
pitate  in  hydrochloric  acid,  again  add  citric  acid,  and  superaat urate  with  ammonia. 
The  ammonio'magDesian  silU  is  then  reprecipitated  in  a  state  of  perf«>ct  purity. 

This  method  is  employed  chiefly  for  the  separation  of  phosphoric  acid  from  ferric 
oxide  and  alumina.  From  the  liouid  filtered  from  the  precipitated  phosphate,  iron 
is  precipitated  by  sulphide  of  ammooium ;  but  aluminium,  which  is  precipitated  by 
this  reagent,  not  as  sulphide  but  as  hydrate,  cannot  be  separated  thereby,  or  by  am* 
monia  or  alkaline  curbonutes,  from  the  solution  under  consideration,  on  account  of  the 
organic  matter  ppesent.  To  effect  its  geparution,  the  solution  is  mixed  with  a  quantity 
of  sodic  carbonate  suf^ci'^nt  to  decompono  all  the  chloride  of  ammonium  prt^uont,  then 
eivaporated  to  dryness*  and  the  residue  is  ignited  to  hum  away  the  greater  part  of  the 
organic  matter,  then  digested  in  hydrochloric  acid,  which  dissolves  part  of  the  alumina 
and  all  the  mognesiA  present,  leaving  a  mixture  of  alumina  and  ch^j^xuil.  This  residne 
is  either  calcined  a  second  time,  to  bum  away  the  remaining  charcoal,  or,  better,  it 
is  fased  with  a  mixture  of  nitre  srid  olka&ne  carbonate.  In  the  latter  case  the 
ulkaline  salts  may  be  dissolved  out  by  water,  leaving  a  residue  of  alumina  easily 
soluble  in  hydrochloric  acid.  In  the  former,  the  alumina  is  left  in  u  difficultly  soluble 
state,  and  to  ren  ier  it  soluble  it  must  be  fu»ed  with  acid  sulphate  of  potassium ;  the  Aised 
mass  then  dissolves  compli^tely  in  water.  The  solution  of  alumina  thus  obtained  is 
added  to  the  other  pgruon,  and  the  alumina  precipitated  by  ammonia  in  the  usual 
maimer.  The  decomposition  of  the  chloride  of  ammodium  before  calcination  is 
essential,  because  that  salt  iu  volatilising  would  carry  with  it  a  portion  of  the  aluminiiuii 
in  the  form  of  chloride. 

C  Bff  Carbonate  of  Barium, — ^The  separatioD  of  phosphoric  acid  by  means  of 
earbonate  of  barium  and  a  ferric  salt  has  already  been  aescribed  (p.  o44).  Carbonate 
of  barium  alone  does  not  precipitate  phosphoric  acid  completely  from  its  aqueous 
■olutioQ ;  but  if  the  phosphate  of  any  base  not  precipitated  by  carbonate  of  barium, 
the  alkaline  earths  and  magnesia  for  example,  be  dissolved  in  nitric  or  hydrochloric 
acid,  carbomite  of  barium  will  precipitate  alt  the  phosphoric  acid,  together  with  any  of 
the  weaker  bases  (such  as  alumina,  ferric  oxide,  or  chromic  oxide)  iJi&t  may  also  b« 
present,  leaving  the  stronger  bases  in  solution.  This  method  may  be  applied  to  the 
analyws  of  mixtures  of  earthy  phosphutas.  such  as  occur  in  soils,  coprolitea,  guano,  artifi- 
cial manures^  &c,  in  which  thn  prcficuce  of  alumina  interferes  with  the  separation  by  nitric 
acid  and  metallic  mercury.  The  phoftphate  having  beeu  dissolved  in  nitric  or  hydro- 
chloric ttcid|  and  the  solution  boiled  for  eome  time,  to  convert  any  pyropba'^phoric  acid 
that  may  be  present  into  ortliophosphoric  acid,  carbonate  of  barium  is  to  be  added,  till 
the  free  acid  is  completely  saturated,  and  the  liquid  left  to  stand  for  a  few  days,  with 
frt^neut  sgitation.  The  washed  predpitste,  containing  alumLoa  and  ferric  oxide  to- 
gether with  phosphate  and  carbonate  of  barium,  is  then  to  be  dissolved  in  hydfochlcu']^ 
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acid,  and  the  barium  precipitated  by  sulphuric  acid.  The  filtrate  may  be  treated  with 
dtric  acid,  ammonia,  and  sulphate  of  magnesium,  to  precipitate  the  phosphoric  acid, 
and  the  ferric  oxide  and  alumina  which  remain  in  solution  may  be  separated  by  the 
usual  methods.  The  solution  filtered  from  the  precipitate  formed  by  the  carbonate  of 
barium  is  Aree  from  phosphoric  add,  but  contains  the  nitrates  or  chlorides  of  calcium, 
maenesium,  and  the  alkali-metals,  toother  with  nitrate  or  chloride  of  barium.  It 
is  freed  from  barium  by  sulphuric  acid;  the  neutralised  filtrate  is  then  treated  with 
oxfdic  acid  to  precipitate  the  calcium ;  and  the  magnesium  and  alkali-metals  are  sepa- 
rated by  the  methods  described  under  Maonbsixtm  (iii.  753). 

When  calcium  is  present  in  considerable  quantity,  the  washing  of  the  last-mentioned 
precipitate  of  sulphate  of  barium  is  rery  tedious  and  difficulty  on  aocouut  of  the  sparing 
solubility  of  the  sulphate  of  calcium  with  which  it  is  mixed.  In  this  case  it  is  best, 
after  washing  out  the  more  soluble  sulphates  with  water,  to  treat  the  remaining  pnw 
dpitate  with  a  solution  of  carbonate  of  ammonium,  whereby  the  remaining  sulpluite  of 
caldum  is  conyerted  into  carbonate;  then,  after  washing,  dissoWe  out  the  carbonate 
of  calcium  with  hydrochloric  add,  and  add  the  solution  to  that  containing  the  other 
bases.    (H.  Rose,  Traiti  de  Ckimie  AnalyHquf,  ii.  719.) 

Special  Methods  of  Separation. — From  metals  whose  sulphides  are  insoluble 
in  acids  (coi>per,  lead,  mercury,  &  c.)  phosphoric  add  is  easily  separated  by  paasing 
sulphydric  add  gas  through  an  add  solution  of  tne  salt  The  phosphoric  acid  may  then 
be  predpitated  from  the  filtrate  as  ammonio-magneeian  phosphate. 

Phosphate  of  sine  diasolyed  in  acetic  acid  may  also  be  decomposed  by  sulphydric 
add. 

The  phosphates  of  iron,  magnesium,  nickel,  cobalt,  anduranium  are  decom- 
posed by  sulphide  of  ammonium,  the  metals  being  separated  as  sulphides ;  but  this  mode 
of  separation  ia  not  found  to  give  exact  results,  excepting  in  the  case  of  iron.  A  better 
method  is  to  fuse  the  phosphates  with  an  alkaline  carbonate  (p.  546).  In  the  case  of 
aranium,  however,  the  separation  by  this  method  is  not  complete,  a  certain  quantity 
of  uranic  oxide  always  passing  into  solution  together  with  alkaline  phosphate  and 
earix>nate.  To  obtain  complete  separation,  the  salt  must  be  fused  with  about  three 
tiroes  its  weight  of  a  mixture  of  carbonate  of  sodium  and  cyanide  of  potassium ;  the 
uranium  is  then  wholly  sefMirated  as  protoxide.  The  fused  mass  is  digested  with  water 
containing  sal-ammoniac  (if  pure  water  is  used,  the  uranous  oxide  separates  in  a  rery 
finely-divided  state,  and  runs  through  the  filter) ;  the  phosphoric  acid  is  predpitated 
from  the  filtrate  as  ammonio-magnesian  phosphate  ;  and  the  insoluble  uranous  oxide, 
which  retains  a  small  portion  of  alkali,  is  dissolved  in  nitric  add,  precipitated  by  am- 
monia, washed  with  water  containing  a  little  sal-ammoniac,  ignited  in  a  stream  of 
hydrogen,  and  weighed. 

A  similar  method  serves  for  the  separation  of  phosphoric  add  from  the  oxides  of 
chromium.  The  chromic  oxide,  which  remains  undissolved  after  the  alkaline  phoe- 
phatea,  &c.  have  been  washed  out,  likewise  retains  a  small  quantity  of  alkaline  salt,  to 
nee  it  £rom  which,  it  must  be  fused  with  nitre  and  sodic  carbonate,  and  the  resulting 
chromic  acid  predpitated  by  mercurous  nitrate,  or  reduced  to  chromic  oxide  by  any  of 
the  methods  aeecnbed  under  Chromiux  (i.  044). 

From  yttria,  thorina,  and  the  oxides  of  cerium,  lanthanum,  and  didy- 
ninm,  phosphoric  add  is  easily  separated  by  adding  oxalic  add  or  oxalate  of  am- 
monium to  the  nearly  neutralised  solution  of  the  phosphate  in  nitric,  hydrochloric,  or  snl- 
phuricadd.  Themetalis  then  completely  sepaiifcteda8oxa]ate,andthepnosphoricacid  may 
be  predpitated  from  the  fiHrate  as  ammonio-magnesian  phosphate.  The  treatment  with 
nitric  add  and  metallic  mercury  may  also  be  applied  to  the  separation  of  phosphoric 
add  from  these  bases,  as  well  as  from  glucina  and  zircon  ia. 

From  alumina,  phosphoric  add  is  most  easily  separated  by  means  of  citric  add, 
ammonia,  and  a  magnesium-salt>  as  already  described  (p.  547).  An  older  mode  of 
separation,  proposed  byBerzelius,  isto  ignite  the  aluminic  phosphate  with  2A  pts.  of 
finely-divided  silica  and  6  pts.  of  sodic  carV>nate.  The  ignited  mass  (which  does  not 
toae)  is  digested  with  water,  which  dissolves  sodic  phosphate  and  carbonate,  and  a 
small  quantity  of  sodic  silicate,  leaving  the  alumina  and  the  greater  part  of  the  silica 
andissolved;  the  filtered  solution  is  mixed  with  excess  of  hydrochloric  add,  and  evapo- 
nted  finally  over  the  water-bath,  to  render  the  silica  completely  insoluble ;  the  renone 
is  boiled  with  water ;  and  the  phosphoric  add  predpitated  ttom  the  filtered  liquid  as 
ammonio-magnesian  phosphate.  The  insoluble  residue  containing  the  alumina  is 
treated  with  hydrochloric  add  and  evaporated  to  dryness ;  the  rendue  is  moistened 
with  hydrochloric  acid,  boiled  up  with  water,  and  filtered  to  separate  the  silica ;  and 
the  alumina  is  precipitated  from  the  solution  by  ammonia  or  carbonate  of  ammonium. 
A  modification  of  this  method,  proposed  by  Fuch  s,  consists  in  dissolving  the  aluminic 
phosphate  in  caustic  potash,  aading  silicate  of  potassium  (soluble  glass)  and  boiling, 
whereby  all  the  alumina  is  precipitated  as  silicate  of  aluminium  and  potassium,  whils 
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pho«pbiite  uf  potftiMiuii]  reoLams  to  M>luuun.  From  thi«  solution  tJi«  phospboric  acu\ 
is  precipitfttedaiiHiumonio  magnesiao  i^hospluitc,  nnd  the  prvdpitaied  «ilicttt«  ii  treats 
*s  above  fcr  the  detennmation  uf  tbi'  alumina. 

From  barytii,  phoBphorie  acid  Ls  mo^t  padily  srp<init«d  by  treating  the  tolution  of 
the  compound  in  hydrochloric  acid  with  sulphurie  acid,  which  precipitates  the  barrta  , 
from  strontia  in  like  manner,  with  additioD  of  alcohol. 

Fntm  limtt  phosphoric  acid  it  easily  separated  by  precipitating  the  baae  aa  oxalato 
from  the  aolnttOD  of  the  phosphate  in  acetic  acid,  or  in  hydrochloric  or  nitric  acid  mixed 
with  acetate  of  soditim  or  ammonium;  from  magnesia  by  fuiion  with  an  alkaline 
carbonate,  &c.  (p,  646),  phoephate  of  magnesium  being  completely  decomposed  by  thit 
ireatineDt. 

When  lime  and  magneaia  occur  together  aa  phoaphates,  a<i  in  bone* earth  and 
phkot-afthea,  the  aubstance  may  be  diasoh'ed  in  hydrochloric  acid ;  the  lime  precipi< 
tated  by  oaalate  of  ammonium  as  above;  and  the  filiTate  treated  with  excess  o!  am* 
monifl,  which  throwe  down  a  precipitate  of  ammonio-magneaian  phoeiphate,  leaving 
a  solution  still  containing  phosphoric  acid  or  magnesia,  according  as  one  or  the  other 
is  to  excess.  In  the  former  case  the  phosphoric  acid  is  precipitated  by  addition  of  a 
magneciDm-aalt «  in  the  latter,  the  magnesia  ia  precipitated  by  addition  of  a  M^luMe 
phosphate. 

SQch  mixtures  or  compoan'ls  may  also  be  analysed  by  treatment  with  nitric  acid  and 
metallic  mercury,  but  not  by  precipitMtiou  with  solution  q{  mercuroiia  nitrate  (p.  646>» 
because  a  certsin  quantity  of  caIcIc  phosphate  h  always  precipitated  at  the  same  time. 
Fusion  with  an  alkaline  carbonate  is  not  applicahle  to  them,  because  phosphate  of  cal- 
civim  is  but  xtry  imperfectly  decomposed  thereby. 

From  the  alkalis,  phosphoric  acid  may  be  separated  by  precipitation  with  nceti^te 
of  lead.  The  precipiiated  phosphate  of  lead  must  be  weighed  when  dry»  the  quantity  of 
lead  contained  in  it  dettrmined,  and  thence  the  quantity  of  phosphcric  acid  may  becal- 
colated.  The  solution  containing  the  idkalis  and  the  exceas  of  Icsd-ialt  is  treated  with 
carbonate  of  ammonium  t.>  precipilwte  the  Ipad  :  the  tiltrale  is  then  acidulated  with 
falphoric  or  h^rdrochloric  acid ;  and  the  alkalis  are  estimated  as  oulphati  s  or  chloridet'. 

The  aeparation  ia,  however,  more  easily  eflfoctcd  by  means  of  nilnc  acid  and  metallic 
mercury,  especially  in  the  case  of  the  lithium-phosphateM,  which  are  but  fiH{.'htty 
■oluble  in  water.  The  same  method  is  also  tht*  Lest  aiiapted  for  analysing  the  in- 
aoluble  compounds  which  thoalkaUue  phosphates  form  with  those  of  cnkiaiu  and  m»g* 
netium.  If  alumina  is  also  present,  it  ts  be^t^  as  already  obserred,  to  adopt  the  mctho^l 
of  aepanition  by  means  of  carbonate  of  bdrtum  (p.  647  >.  The  method  of  separation  by 
eerie  salts  might  aUo  b«*  spplicable  to  such  mixtures  (p.  6i6), 

When  all  the  phoephoric  acid  in  an  alkaline  phoctpnate  is  in  the  stste  of  orlhophos- 
phoric  acid,  it  may  he  completely  wpa rated  by  tne  easier  mode  of  precipitation  with  a 
solution  of  mercurous  nitnite. 

Separation  of  Phosphoric  Acid  from  other  Acid^, 

From  sulphuric  acid,  phoaphonc  ticid  ia  easily  teparuted  by  precipitating  the 
former  as  sxilphate  of  barium  from  an  acid  solution  ;  if,  howerer,  metaphosphoric  tcid 
ii  present,  it  must  first  be  eouTerled  into  pyro-  or  orthophoephoric  acid,  otherwise  the 
separation  will  not  be  complete. 

From  selenious  acid,  phosphoric  acid  is  separated  by  precipitating  the  selenium 
with  sulphurous  acid  ;  the  phosphoric  ncid  may  then  be  precipitated  firom  the  filtrate 
as  ammonio-magneaian  phosphate.  If  selenic  acid  is  present,  it  must  firat  be  re* 
duced  to  selenious  acid  by  means  of  hydrochloric  acid.  Precipitation  with  barium* 
•alts  does  not  effect  complete  precipitation.    (See  Snu^iuit.) 

The  same  method  serves  for  the  separation  of  phosphoric  acid  from  the  icida  of 
tellurium. 

From  hydrochloric,  hydrobromic,  »nd  hydriodic  acids,  phosphoric  acid 
is  easily  separated  by  precipitating  the  former  acids  with  nitrate  of  silver  in  acid  solu- 
tion*  The  phosphoric  acid  may  be  precipitated  from  the  filtrate  as  triargentic  phoa- 
phale,  by  careful  nentralisation  with  sn  alxali;  or,  better,  the  excess  of  silver  may  be 
remoTed  from  the  solution  by  hydrochloric  icid,  and  the  phosphoric  add  then  precipi* 
tated  as  ammonio-magnesian  phoephate. 

Ee«pecting  the  separation  of  phosphoric  from  hydrofluoric  acid,  see  Fluosinb 
(ii.  676), 

From  bof  ic  aci  d,  phosphoric  acid  may  be  separated  in  seyeial  ways :~  a.  The  pbon* 
phoric  acid  may  first  be  thrown  down  aa  ammonio^magnetian  phosphate,  and  the  bone 
Hcid  tLen  determined  in  the  filtrate  by  the  methods  specially  adapted  to  it  (i.  630). — 
0  Till'  sclution  of  a  phosphate  and  »  Kirate  in  hydrochloric  or  nitric  acid  is  treated  with 
(.HrboiiaU   of  I'urium,   wberrby   the   pho»|'hriric   •leid    is  pr*^ipitdtpd  as   phosphate  of 
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bariom,  while  the  whole  of  the  boric  add  renuuns  in  solution.  T\ub  moda  of  sepaimdon 
is  not>  however,  quite  exact,  as  phosphate  of  baiinm  ia  not  completely  inaolnble  in  a 
liquid  containing  boric  acid. — y.  When  the  two  adds  exist  in  solution  in  oombi- 
nation  with  alk^  alone,  they  may  be  separated  by  addition  of  acetate  of  potaasinni, 
which  tbrows  down  the  whole  of  the  boric  acid  as  hydroflnoborate  of  potaasinm 
(i  633),  learing  the  phosphoric  add  in  solution. 

From  silicate s.^If  the  silicate  ia  easily  decompodble  by  adda,  the  wfaola  of  the 
phosphoric  acid  will  be  found  in  the  add  Uquid  obtained  by  treatinff  it  with  an 
add,  and  filtering  from  the  silica.  If  the  silicate  is  free  from  alumina,  it  may  be  de- 
composed by  nitric  add,  the  resulting  liquid  evaporated  to  dryness  orer  a  water-bath, 
the  silica  separated  in  the  usual  manner,  and  the  phosphoric  add  separated  frcm  the 
bases  in  the  filtrate  by  means  of  nitric  add  and  metallic  mercury. 

In  silicates  of  aluminium  containing  no  other  base,  phosphoric  add  may  be  separated 
by  fusing  the  compound  with  an  alkaline  carbonate,  and  treating  the  product  in  the 
manner  already  described  (p.  6^),  the  weight  of  the  silica  being  of  course  likewiae 
determined.  If  the  substance  to  be  analysed  contains  large  quantities  of  phosphoric  add 
and  alumina  in  proportion  to  the  silica,  it  will  be  necessary  to  add  a  quantity  of  finely- 
dirided  siUca,  in  the  proportion  of  about  1|  pt  silica  to  2  pts.  of  the  aluminic  phosphate. 
The  weight  of  this  quantity  of  silica  must  then  be  deducted  from  the  total  weight  of 
that  substance  obtained  in  the  analysis.  But  when,  as  is  more  generally  the  case,  the 
silicate  contains  other  bases,  and  especially  lime,  it  must  be  decomposed  by  an  add, 
best  witb  hydrochloric  add,  the  silica  separated,  and  its  quantity  oetermined  in  the 
usual  way  (see  p.  648,  also  Siucon)  ;  and  the  phosphoric  add  and  bases  in  the  filtrate 
separated  by  carbonate  of  barium  in  the  manner  already  described  (p.  647). 

Silicates  -undecomposible  b^  adds  must  be  fused  with  an  alkalina  earbonate,  the 
silica  separated  by  hydrochlonc  add,  and  the  filtrate  treated  as  aboTe,  according  to  the 
bases  present.  If  alkalis  are  present,  they  must  be  determined  by  a  special  analysis^ 
the  silicate  bdng  decomposed  by  hydrofluoric  acid.  (H.  Rose,  TraUi  de  Ckimie  Analjf- 
tique,  ii.  896.) 

For  the  methods  of  determining  phosphoric  add  and  fluorine  when  they  occur  to- 
gether in  silicates,  see  Siucatbb. 

From  titanic  acid. — Phosphoric  add  forms  with  titanic  add  an  insoluble  com- 
pound, which  may  be  decomposed  by  fbsion  with  an  alkaline  carbonate.  On  treating 
the  fused  mass  with  water,  an  alkaline  titanate  remains  undissolTed,  while  the  alkaline 
phosphate  dissolves. 

From  molybdic  acid,  phosphoric  add  is  separated  by  sulphide  of  ammoniuro, 
the  molybdenum  being  dissolred  thereby  as  triiulphide,  which  may  be  predpitatcd  by 
an  add.  In  the  filtrate,  the  pho^khoric  add  is  predpitated  as  ammonia-magneaian 
phosphate. 

From  vanadic  acid,  phosphoric  add  is  separated  by  solution  of  sal-ammoniac,  in 
which  ranadate  of  ammonium  is  insoluble.  The  predpitate  is  first  washed  with  water 
containing  sal-ammoniac,  then  with  alcohol,  and  transformed  into  Tanadic  anhydride 
by  careful  heating.  The  phosphoric  add  is  predpitated  from  the  filtrate  as  ammonio- 
magnestan  pho^hate. 

Metallic  Phosphate*. 

Wtkomfibmtmm  of  Atamlmtiim.  a.  Metaphosphate,  A1KH.3PK)*  and  A1'TH>*.— 
Prepared  by  dissolving  hydrate  of  aluminium  in  excess  of  aqueous  pho^horic  acid, 
evaporating,  and  heating  the  remdue  to  816^.  It  is  a  white  anhydrous  salt,  insolnUe 
in  water  and  in  concentrated  adds.    (Maddrell,  Chem.  Soc.  Mem.  iii.  373.) 

$.  Orthophoephatee. — Hydrateid  orthophosphates  of  aluminium  occur  in  many 
minerals  often  associated  with  other  salts.  CKbbeite,  kalaite,  peganite,  fisdierite,  and 
wavellite  are  hydnited  phosphates  of  aluminium,  the  last-mentioned  sometimes  also  con- 
taining fluoride  of  aluminium  ;  amblysonite  is  a  phosphate  of  aluminium,  lithium,  and 
sodium  ;  lazulite  is  hydrated  phosphate  of  aluminium  associated  with  ferrous  and 
szagnesic  phosphates. 

Orthophosphates  of  aluminium  are  produced  by  predpitating  solutions  of  ahiminiani- 
salts  with  alkaline  phosphates ;  but  the  products  thus  obtamed  vary  considerably  in 
composition,  according  to  the  proportions  of  the  acting  solutions,  the  temperature  at 
which  they  are  mixed,  and  the  extent  to  which  the  precipitate  is  wiysbed;  the 
precipitates  also  frequently  retain  portions  of  the  soluble  aluminium-salt  or  of  the 
alkaline  phosphate. 

Acid  salt  ? — According  to  Ludwie,  the  predpitate  formed  by  phosphate  of  sodium 
in  a  solution  of  alum,  contains,  in  the  anhydrous  state,  8A]*0'.9P*0*.  A  solution  of 
aluminic  phosphate  in  aqueous  phosphoric  add  leaves  on  evaporation  a  gummy  i 
which  mdts  to  a  colourless  glass. 


PHOSPHATES  OF  ALUMINIUM,  551 

Keutral  mH,  A1»0*-P»0\6H'0,  or  ArP0».3H'0  (Jor  witli  4  at,  or  4}  at.  H*0).— 
ProdtteMl  by  eomplr'telj  precipiUting  li  ortitnU  solution  of  alum  with  cxre&t  of  sodic 
ortboplio«phatp,  hest  by  graduiUly  adding  the  alutn-colution  to  the  »o)ublp  phospbAte : 
nho  wheo  «  «oiuttoo  of  aluminic  pbo^phnfc  in  hydrochloric  acid  is  neutralised  with 
ammonim  or  precipitjitwi  with  aoetat*  of  sodium;  or  when  an  alkaline  aolution  of 
aluminic  pho9phHt«  is  nctttmliftcvl  with  aoetJc  add.  It  is  a  whita  bulky  preeipitntf^t 
^nnin^  whr^n  dry  a  loo^^e  whit«  powder,  the  amooiit  of  wator  in  wbicii  appears  to  vary 
from  3  to  4rl  atomn,  Gihhaitr^  from  Richmond,  Maasachosaetta*  contains,  according  to 
Hermanns  analysis  (J.  pr.  Chf*m.  rL  32,  xlti.  1 ),  37-62  per  cent,  phosphoric  anhydride, 
26  60  alumina,  and  3672  water,  aijrrficiug:  in^arly  with  tlie  formuU  Al'0M'*O*,4H*0, 
which  w^uirps  36  53  per  cent.  P»0*,  26'4'i  APCK  and  37*05  water.  In  other  samples, 
liow<»Yer,  HiTmann  found  lr«9  ph<>^phoric  anhYdride  and  more  alumina,  probably 
arising  fri>m  admixture  of  hydra rgyllite  (hydratt*  of  nluminium^  ii.  838)* 

Buirtc  MfUt*.-^,  A  salt  coutaiuing  16A1k>».1&P^U*,  nr  APO'.aoArTO*,  IB  formed, 
•ccorditifitto  Lndwiffj  by  precipitating  a  solution  of  aluminic  pho&pb&t«  in  caustic  soda- 
|«y  with  acetic  acid,  Dut  it  is  most  probably  notbtng  but  the  neutral  salt  mixed  with 
free  alumina. 

k  4AI»0«JI«0»,18H«0,  or  6Al'T*0*.2ArH»f>*.15«q.— This  is  said  by  Eammels- 
berg  to  he  the  composition  of  the  bulky  precipitate  formal  by  adding  ammonia  to  a 
Qeiitnl  aolotioo  of  cnloride  of  aluminium.  It  In  more  gelatinous  luid  truUHlucont  than 
the  precipitated  normal  pbosphate ;  retains  15  aL  watt*r  at  100^.  Its  eomtiositioa 
appenrs,  howerer,  to  T»ry  accortling  to  the  quantity  of  ammonia  added,  and  tne  time 
during  which  it  is  left  in  contact  with  the  precipitate ;  and,  if  digpirtpd  with  eice&s  of 
ammonia  for  about  24  houiBi  it  gires  up  part  of  its  aci^^i,  Mud  is  converted  into  a  hydrate 
of  the  mh  2A1*0».P"0*. 

c.  3AI-O\2PH>a2H*0,  or  4Al*PO*,2Al''H»O*.0Bq.— This  is  the  corajiositicm  of 
Wmhlhu,  a  mineral  occurring  in  trimetric  ctystals  exhibiting  the  combinntion  ooP. 
oc?oo  .  poo  ,  Ratio  of  macrodiagonal,  bracbydittgonal,  and  principal  axis  =  1*4943  : 
1 :  07431.  Angle  aep  :  oeP  »  126'25.  Cleavage  rather  perfect,  pAmllel  to  <»P,  sAm 
paraUel  to  the  bmchydiagona).  More  fmincntly,  howevir,  the  mineral  formjs  heminphe* 
rical  or  globular  concretions,  baring  a  radiate  structure.  Hardue^  «■  3*25,  8peoitir  gra- 
vity =  2  337  to  2  3616.  Lustre  vitreous,  inclining  to  pearly  and  resinous.  Colour  white, 
pa*i»i«giutoyeUow,gpeent  grey 4  brown,  aud  black.  Suvak  white.  Translucent.  ludi-x  of 
refraction  *=  1*52. — When  heated  it  |;i^««  off  watt-r,  and  sometimes  aLio  hydrcitiuorit? 
acid;  colours  the  blowpipe  flame  a  mint  bluish-green ;  swells  up  on  charcoal,  turiu 
white,  and  exhibits  the  reactions  of  alumina. 

Attalt/»^ji,  I.  From  Zbirow  in  Bohemia  (Hermann,  J.  pr.  Chem.  xxxiii.  288). — 
2.  Frt>m  BamMrtplc*  in  Devonshire  (Berzelius,  Schw,  J.  xiriii.  288;  xxir.  121X— 3. 
From  Steamboat,  Chester  County,  Peonsylvauin  (Genth,  Sill.  Am»  J.  [2]  xxiiL 
423).— 4.  From  Hungaiy  :  Kapnicite^  specific  gravity  =  2356  (Stadeler,  Ann. 
Ch.  Pharm.  dx.  305). 

(l>  (l>            W  (4) 

Fluorine         .        .        .        ,        .           1*69  2*06  trace 

Phosphoric  anhydride     ,         -         .         34-29  83  40  3468  36'4» 

Alumina 3639  3535  S6  67  39*69 

Ferric  oxide 120  125          0-22 

Water    * 2634  26.80  28*29  24*92 

Lime 050  ___^ 

9991  99'36  99*86  KfO'OO 

The  fbrmnk  3A1K)».2P0».12H«0  requires  35  14  per  cent.  PH3»,  38  13  Al=0*,  and  2673 
water.     Stadeler  supposes  the  mineral  to  coutjim  only  II  at^  water. 

Berseelius  and  Hermann  regard  wavellite  as  a  definite  compound  of  phoaphiita 
and  fluoride  of  aluminium ;  but  (he  quantity  of  fluorine  is  so  very  variaole,  mtxxf 
specimens  containing  only  traces  of  it,  and  some  none  at  all,  that  its  pr«*8ence  is 
probably  only  nccidentaL  As  the  specimen  firom  Barnstaple  analysed  by  Berseliua 
contained  lime,  it  was  probably  mixed  with  fluorspar. 

Wavellite  occurs  also  at  Amburg  in  Bavjirin,  at  Langenstriegis  near  Freiberg,  and 
other  localities  in  Germany  ;  also  at  Clonmcl  and  Cork  in  Ireland  i  in  the  Shnint  islands 
of  Scotland;  at  Washington  Mine,  Davidson  County,  North  Carolina ;  and  at  Yilla 
Ricn,  Mtnas  Geraes,  in  Braai]. 

d.  2AI-0*  P»0*,  or  2Ar'P0*.Al-0*.— This  compound  appears  to  be  produced,  as 
already  stated,  by  the  prolonged  action  of  ammonia  on  the  salt  5,  and  occurs  in  «:»in- 
bintvtion  with  5,  0,  or  8  at,  water  in  the  minerals  turquois  ot  kalaite,  peganite,  and 
fijieheritt*^ 

Turauoin  or  KtihUtr,  2APO».P»0*;5H'0  or  Ar"Pf:>*.Ar"H'0*,  aq.,  also  called  affttphiH 
AadjokHttff  the  Biroti^a  of  the  Persians,  and  (probably)  the  caltais  of  Pliny,  is  reniiorm, 
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stalactitic,  or  incrosting,  with  no  cleavage;  hardness  «  6;  specific  gravity  2*6  -  2'683. 
It  has  a  somewhat  waxy  lustre,  doll  internally ;  a  peculiar  bluish-green  colour,  and 
white  streak;  is  feebly  subtranslucent  or  opaque,  and  has  a  small  oonchoidii 
fracture.  When  heated  it  decrepitates  strongly,  giving  off  water  and  turning  black. 
Before  the  blowpipe  it  does  not  swell,  but  becomes  brown  and  vitreous,  and  colours  the 
inner  flame  green.  With  fluxes  it  gives  the  reactions  of  iron  and  copper.  It  is 
soluble  in  acids,  and,  according  to  Hermann,  dissolves  in  water  after  fusion  with 
potash — the  several  varieties,  however,  all  leaving  more  or  less  insoluble  residue.  An 
analysis  by  H  er  m  a  n  n  of  a  blue  oriental  turquois  gave  28*90  per  cent  phosphoric  anhy- 
dride, 47'45  alumina,  2*02  cujHric  oxide,  1*10  ferric  oxide,  0*60  manganic  oxiae,  1*85  lime, 
and  18*18  water,  whence  the  mineral  appears  to  consist  essentially  of  2A1K)*.PH)*.6H*0 
mixed  with  phosphates  of  calcium,  copper,  &c  A  green  oriental  tuzquois  (specific 
gravity  2*621)  was  found  by  Hermann  to  contain  only  6*64  per  cent  PH)*,  and 
was  evidently  a  mechanical  mixture  containing  but  little  real  turouois.  Turquois 
occurs  in  a  mountainous  district  in  Persia,  not  fta  from  Nichabour ;  a  less  pure  variety 
is  found  at  Jordansmiihle  in  Silesia,  and  at  Oelsnits  in  Saxony.  It  reeeivee  a  sood 
polish,  and  when  finely  coloured  is  highly  valued  as  a  gem.  The  occidental  or  oone 
turquois  is  said  to  consist  of  fossil  bones  or  teeth  coloured  with  oxide  of  copper. 
(Dana,ii.  406.) 

Peganite,  2A1H)".P«0*.6HK)  or  2(A1T0*.A1'^H«0«),  is  a  green  or  white  mineral 
occurring  at  Strieffis  in  Saxony,  in  small  rhombic  prisms  of  127^,  with  the  acute  lateral 
edges  truncated;  hardness  s  3 — 4  :  Sjpeeific  gravity  »  2*49— 2*54.  Contains,  accor- 
ding to  Hermann  (J.  pr.  Chem.  xxxiiL  287),  30*49  per  cent  phosphoric  anhydride, 
44*49  alumina,  and  22*82  water. 

FischeHU,  2A1«0*.PK)».8H«0  or  2(Al'"PO*.Al'"H«0«).5aq.,  occurs  atNischneTagilsk, 
•  in  colourless  rhombic  prisms  of  118°  32",  or  dull  green  masses  of  specific  gravity  2*46  ; 
behaves  like  turquois  oefore  the  blowpipe,  but  is  not  readily  dissolved  by  any  acid 
except  sulphuric  acid.  Gives  by  analysis  29*03  phosphoric  anhydride,  38*47  alumina, 
and  27*50  water,  together  with  1  *20  ferric  and  manganic  oxides,  0*80  cnpric  oxide,  and 
3-00  cupric  phosphate  and  gangjue.   (Hermann,  loc,  cit.) 

All  the  phosphates  of  aluminium  bear  considerable  resemblance  to  alumina,  both  in 
the  hydrated  and  in  the  anhydrous  state.  The  precipitated  phosphates  are  gelatinous 
masses,  which  dissolve  easily  in  acids  and  in  caustic  fixed  alkalis,  and  are  precipitated 
from  their  acid  solutions  by  ammonia,  carbonate  of  ammonium,  or  sulphide  of  am- 
monium, and  fh>m  the  alkaline  solutions  by  chloride  of  ammonium,  in  their  original 
state,  without  loss  of  phosphoric  acid.  Hence  the  distinction  between  hydrate  and 
phosphate  of  aluminium,  and  the  separation  of  phosphoric  acid  from  alumina,  present 
considerable  difficulties.  The  methods  of  detecting  and  separating  the  phosphoric  acid 
have  been  alreadv  described,  viz. :  Precipitation  by  a  magnesium-salt  from  a  solution 
of  the  aluminic  phosphate  in  citric  acid  containing  ammonia  and  chloride  of  ammo- 
nium ;  precipitation  by  mercurous  nitrate  from  a  solution  in  nitric  acid  neutralised  by 
potash ;  precipitation  by  molybdate  of  ammonium,  uranic  salt-s,  or  eerie  salts,  from 
slightly  acid  or  neutral  solutions;  ignition  with  silica  and  carbonate  of  w>dium 
(pp.  646—649). 

y.  Pyrophosphate  of  Aluminium,  2AlK)».3P»O*.10H«O  =  Al*P«O«.10HH) 
(dried  at  110°). — Produced  by  precipitating  an  aqueous  solution  of  sublimed  chloride  of 
aluminium  with  pyrophosphate  of  sodium,  4A1C1"  +  3Na*P*0'  =  Al^PK)"  +  12NaCL 
It  is  a  white  amorphous  precipitate  exactly  resembling  hydrate  of  aluminium,  insoluble 
in  water  and  in  acetic  acid,  soluble  in  other  acids,  even  in  sulphurous  acid,  and  separating 

X'n  from  the  last-mentioned  solution  on  boiling.  It  is  distinguished  from  the  ortho- 
iphate  by  being  soluble  in  ammonia  as  well  as  in  potash ;  but  when  its  solution  in 
any  acid  is  supersaturated  with  ammonia,  the  whole  of  the  aluminium  is  precipitated 
as  a  basic  salt  no  longer  soluble  in  ammonia,  while  part  of  the  pyrophosphoric  acid  re- 
mains in  solution.     (Sehwarzenberg,  Ann.  Ch.  Pharm.  Ixv.  2.) 

Fliospliates of  AjmnoBlniii.  a,  Metaphosphate s. — The tnonometaphosphate, 
NH^PO",  is  formed  when  the  dimetaphosphate  is  heated  fur  some  time  to  200"^ — 260^. 
It  is  nearly  insoluble  in  water.    (Fleitmann.) 

The  dimetaphosphate,  (NH*)»P«0«,  is  produced  by  the  action  of  sulphide  of  ammo- 
nium contaimng  a  little  free  ammonia  on  the  correspondins  copper-salt  (p.  539),  and 
-        .1^    -,.    .  ,,...        .,    ,,.  ..       .  It    ••     ■ 


separates  from  the  filtrate  on  addition  of  alcohol,  in  monoclinic  prisms.  It  dissolves 
in  16  pts.  water,  either  cold  or  hot ;  may  be  heated  to  300®  without  loss  of  ammonia ; 
and  when  kept  for  some  time  between  200®  and  260®,  beoomes  opaque  without 
alteration  of  weisht^  and  is  converted  into  the  monometaphoephate.     (Fleitmann.) 

The  hexmetaphosphatf,  (NH«)^P^'«  (Graham's  salt),  is  obtained  by  saturating  deli- 
quescent metiq^ho^horie  add  with  ammonia  and  evaporating. 

0.    The  orthophotphates  of  ammonium,  (NH«)fl»PO«,    (NH«)'HPO^  and 
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(NH*)"POS  h*Te  be«fn  idnjady  t!f»cribe<l  under  Ammoniacax  Salts  (i.  193).  Tlip 
Kp«eifle  gmritjr  of  the  ftm  is  17^  (Schiff,  Jahn-Jib.  1859.  p.  16),  of  the  sesroud 
1-678  (Boignel*  ihid.  1861,  p.  15)*  AnorlhophoftpbAUofamtnoniuia  andalaminium 
occurs  Mi  m  whit«  earth  in  &  Tolcanic  grotto  in  tlu^  Isle  of  Bourbon, 

y,  P^ r &p ho gjt hates.— The  ntutral  tait,  (NH')*PK)*,  sc^iirates  on  addiiiff  aleohol 
to  the  Aqueous  «cid  saperMhtnnitcd  with  ammoDia,  in  small  acirular  lamins  adhering  (o 
the  sidcw  of  the  YeeeeL  It  la  easily  soluble  in  water,  forming  an  alkaline  eolution 
which  givei  ciS  ammonia  when  heated,  and  fonni  add  pyivphoaphotc  of  ammonium, 
but  GO  orthopboaphaie ;  the  latter  b  produced,  on  the  other  hand,  by  boiling  the  solu- 
tion with  exoen  of  ammonia. 

The  aad  pyr<^Aa«pkatf,  (NH*)'H*P*0%  la  obtained  in  cryatala  by  adding  aleohol  to 
a  solution  of  the  neutral  salt  mixed  with  alcohoL  Ita  solution  ia  not  altered  by 
boiling.     (Schwanenberg.) 

9bo0pbates  of  BAX^mia.  a.  MtlaphospAaift. — MaddreWtt  mamnHektpAospikQie 
nfbtirium  i«  obtained  by  evaporating  a  solution  of  barytic  carbonate  in  fZjce§a  of  meta- 
pboephoric  add,  and  heating  the  nwidae  to  31^°^  aa  a  white  powder  which  ia  not 
altei^  b^  the  action  of  dilute  acida,  but  ia  decompoaed  by  warm  concise trated  sul* 
phurie  aeid.  It  ia  not  decompoaed  by  diigeation  with  an  alkaline  carbonAte.and  therefore 
thr  particular  modification  of  metaphosphorie  acid  which  it  contains  cannot  be  deter- 
mined with  oertauity  (p.  639). 

The  diiMtaph&tpkaUt  Ba''P*0'.2H'0  (air-dried).  §eparat*?a  in  eryatala  on  adding 
chloride  of  banum  to  a  sc^lution  of  the  eorreaponding  flodinm-  or  ammouium  nalt.  It  ia 
Yery  aligbtly  aoluble  in  water,  ie  not  decoiiipo§ed  by  boiling  with  hydrochloric  or  nitric 
aeid,  but  readily  by  ■troDg  Bulpburic  acid;  when  digeated  with  aqueous  carbonate  of 
sodium,  it  iaconmted  into  dtmctaphoupbite  of  sodium.  It  does  not  giTe  off  ita  water 
at  160",  but  at  a  red  heat  it  beoomea  anhydroua  without  m«4ting,  and  tiien  uo  longvr 
contains  dimetaphosphoric  acid,  but  becomes  insoluble  in  water,  and  ia  not  decom- 
poaed by  carbonate  of  aodium. 

The  irimftaphagpAale^  Bii'P*0'*,6H^.  ia  produced  on  mixing  a  aolution  of  1  pt.  of 
the  oorreaponding  eodium'salt  in  10  to  15  ptj>.  wiiter,  with  a  nearly  saturated  eolulion  of 
2  or  3  ptn,  ehloride  of  barium.  On  leHi-ing  the  liquid  (lilterpd,  if  neceaaary)  to  itself 
for  a  while,  the  salt  separates  in  beautiful  nionocliDic  prismi,  which  pre  off  two-tbinla 
of  their  water  at  100*,  and  the  remainder,  with  iutumesjcenc**,  at  a  higher  temperature. 
At  a  red  heat  it  becomes  insoluble  in  acida,  but  does  not  fiise.  The  unignited  salt  is 
somewhAt  mor«i  soluble  fn  wat^r  than  thfl  dimetaphosphate,  and  when  digested  witii 
carbonate  of  so<lium  yields  trinuUphospbate  of  sodium. 

The  hfimftapkiMtphate  is  obtiiiiied  by  precipitating  ihe  corresponding  sodium^aalt 
(Graham's  vitreous  sodium- metaphosphate)  with  chloride  of  burium,  us  a  gelntinooa 
predpitate  becoming  tranalucent  and  brittle  when  dry,  It  is  inK>liibIe  in  pur*?  water, 
and  in  water  containing  sal-ammoniac,  eaaily  soluble  in  nitric  acid.  When  heated,  it 
gives  off  wafer  without  complete  fusion,  and  is  afterwards  hut  ttparingly  soluble  in 
nitric  »cid»  It  in  decomposed  by  prolonged  boiling  with  wtiti*f,  being  eonrerted  into 
an  acid  metaphot^phate,  which  gnidually  diasolrea. 

3.  Ortkophoitphaies.—  \,  The  manobarytic  «alU  Ba^HT'O',  prepared  by  evaporat- 
ing a  solution  of  the  di-  or  tri-barytic  aalt  in  aqueous  phosphoric  acid,  ia  white, 
eryBtalline^  apparently  triclinic  according  to  Erlenmeyer,  permanent  in  the  air  an4 
has  a  slightly  sour  taste.  It  dissolTefl  without  alteration  in  dilute  acids,  but  is  decom* 
posed  by  water  into  (r<ee  phosphoric  acid  and  the  neutral  salt. 

2.  The  dtharffiic  »aft,  ^'H*F*0*,  is  obtained  by  double  decomposition  as  a  scalT, 
erystaOtne  precipitate,  soluble  in  20,fi70  pts.  of  water  at  20*,  somewhat  more  soluble 
in  water  contnining  chloride  of  barium,  chloride  of  sodium,  or  ammoniacal  salts; 
according  to  Lndwig,  it  diasolireti  in  4362  pts.  water  containing  1*2  per  cent,  chloride 
of  sodium  or  08  per  cent,  chloride  of  barium ;  addition  of  pure  ammonia  renders  it 
less  soluble.  It  aissolvea  easily  in  dilute  nitric  or  hydrochloric  acid,  less  easily  in 
acetic  acid,  of  which  it  requires  400  pts.  of  speciAc  granty  1032  to  disif-olre  it.  trom 
the  solution  in  nitric  or  hydrochloric  add,  ammonia  addni  in  excess  throws  down  the 
tribar}'tic  salt  (Berzeliue)  or  a  salt  intermediate  between  the  di-and  tri-barytic  saltff. 
Tbe  preci pittites  also  contain  chloride  or  nitrate  of  barium,  and  a  f^mal!  quantity  of 
ammoniacal  salt,  while  neutral  phosphate  of  ammonium  remains  in  tlie  w««h- water. 
(Lad wig,  Waekenroder.) 

A  salt  haring  the  composition  Br*H«P*0^*.8H*0  ^  Ba*H<PW.B**H''P*0».8H'O, 
intermediate  between  the  mono-  dnd  di barytic  ortbophosphates,  ts  formed  by  predpt* 
tilting  a  solution  of  the  dibarytic  salt  with  alcohol. 

A  solution  of  dibai^tic  phosphate  in  uitric  acid  yield-o,  on  addition  of  ammoota,  a 
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pecipitate  consistiiig  of  barytic  phosphato-nitrafe,  2B««H'P*0»,BaT?-0*,  which,  when 
Ignited,  leaves  a  mizturt)  of  di-  and  tri-barytic  phosphates.    (Wackenroder.) 

8.  The  triharytic  salt,  Ba'P'0*.H*0,  is  fonned  bv  preciintating  chloride  of  barium 
with  trisodic  phosphate,  or  with  disodic  phosphate  mixed  with  ammonia,  and 
separates  as  a  heayy  granular  powder,  the  supernatant  liquid  remaining  neutraL 
It  gives  off  water,  but  not  the  whole,  at  200^,  and  does  not  absorb  carbonic  add  from 
the  air. 

A  solution  of  this  salt  in  aqueous  pho^horic  acid  eraporated  on  the  wator-batb, 
deposits  a  dystalline  powder,  and  if  it  be  then  heated  to  boiling  and  filtered,  the 
filtrate  on  further  evaporation  yields  the  monobarytic  salt  in  (apparently  triclinic) 
crystals ;  but  if  the  original  solution  be  at  once  heated  to  boiling,  it  deposits  crystalline 
granules  of  the  dibarytic  salt,  Ba'H'PH)",  while  the  motheivbquor  reUins  a  baiytic 
phosphate  containing  lat.  barium  to  5  at.  phosphorus.  (Erlenmeyer,  Jahresb.  1867, 
p.  146.) 

A  saturated  solution  of  tribanrtic  phosphate  in  hydrochloric  acid,  if  evaporated 
and  left  to  cool,  deposits  ciqrstais  of  chloride  of  barium,  the  mother-liquor,  after 
repeated  crystallisation,  containing  a  larger  and  larger  proportion  of  monobaiytic 
phosphate ;  and  if,  after  all  the  chlorine  has.  been  separated  as  chloride  of  barium, 
more  hydrochloric  acid  be  added,  in  quantity  at  least  naif  as  great  as  that  originally 
present,  the  whole  of  the  barium  may  be  separated  as  chloride  and  pure  phosphoric 
acid  obtained.  If  the  solution  of  tribaiytic  phosphate  in  hydrochloric  add  be 
evaporated  at  the  boiling  heat,  shining  needles  form  m  the  liquid,  and,  if  separated 
by  decantation,  immediatelv  crumble  to  a  czystalline  powder.  A  solution  from  which 
these  crystals  bad  separated,  yielded,  when  mixed  with  a  quantity  of  water  suffident  to 
redissolve  them  completely,  and,  exposed  for  several  months  to  a  summer  heat  in  « 
vessel  covered  with  filter-paper,  hard  well-defined  crystals  of  a  phasphato-Moride^ 
4(BaTI«PK)^.Ba-a«.    (Erlenmeyer.  Jahresb.  1867,  p.  147.) 

A  salt  intermediate  between  the  di-  and  tri-barytic  phosphates^  and  containing 

Ba*PK)».Ba*H*P«0"  or  Ba*H«P*0"  is  formed  on  mixing  a  solution  of  the  dibarytic  salt 
in  hydrochloric  add  with  a  quantity  of  ammonia  exactly  suffident  to  precipitate  it. 
(Berselius.)  According  to  Ludwig,  a  solution  of  dibarytic  phosphate  in  hydro- 
ehloric  add  yields  on  addition  of  anmionia  a  photpkato^khride  of  barium  containing 

3rik»P*0»«3a''Cl«.3H»0.       . 

y.  Pyrophosphate,  Ba*P■0^ — ^Pyrophosphoric  add  predpitates  baryta-water, 
but  not  barium-salts ;  these  salts,  however,  form  with  pyrophosphate  of  sodium,  « 
white,  amorphous,  pulverulent  predpitate  of  barytic  pyrophosphate  containing  1  at. 
water  at  100^  according  to  Schwaizenbeig,  2  at.  according  to  Gerhardt  It  is 
sparinglv  soluble  in  water,  aqueous  pyrophosphoric  add,  and  aqueous  sulphurous  acid ; 
more  soluble  in  hydrochloric  or  nitnc  acid ;  not  perceptibly  soluble  in  acetic  add,  in 
water  containing-sal-ammoniac,  or  in  excess  of  sodic  pyrophosphate,  of  which,  howevec^ 
it  takes  up  a  certain  quantity. 

Flioflpliates  of  Btsmiitli.  a.  Meiaphotphate. — Trioxide  of  bismuth  fbsed 
with  excess  of  phosphoric  anhydride,  forms  a  dear  glass,  which  on  slow  cooling  with  fre- 
quent stirring,  ^rields  a  crystelline  salt,  apparently  consisting  of  tetrametaphosphAte 
of  bismuth.  It  is  insoluble  in  water,  and  is  decomposed  by  sulphide  of  sodium,  forming 
a  tenadous  mass  probably  containing  tetrametaphosphate  of  sodium. 

A  solution  of  bismuth-nitrate  mixed  with  metaphosphoric  add  and  then  with 
ammonia  forms  a  precipitate  insoluble  in  excess  of  ammonia.    (Persoz.) 

fi,  Orthophosphatea^  Bi'^PO^. — ^Predpitated  by  nitrate  of  bismuth  from  a  solu- 
tion of  orthophosplioric  add  containing  nitric  add,  but  frftt  fix>m  hydrodiloric  or  sol. 
phuricadd  (Chancel,  Gompt  rend.T.  416;  Jahresb.  1860,  p.  622).  The  same  salt 
oontaining  f  at  water  is  formed,  according  to  Kuhn,  by  digesting  crystallised  bismuth- 
nitrate  with  ordinary  phosphate  of  sodium. 

y.  Pyro/»*o#«*a<«.— -2BT«0*.3P*0*  or  BT*PK)«.  Obtained  by  predpitatioo  m  the 
same  manner  as  tne  orthopho^hate.    (C  ha n  c  e  L) 

Vbaiipluites  of  Omdmiiini.  a.  MetaphoBphates. — ^When  oodde  of  cadmium  is 
fused  with  phosphoric  anhydride,  an  insoluble  salt  separates,  which  when  decomposed 
by  sulphide  of  alkali-metal  yields  a  tetrametaphosphate  (Fleitmann).  Nitrate  of 
cadmium  mixed  with  metaphosphoric  acid  and  then  with  ammonia,  forms  a  predpitate 
whieh  dissolves  in  excess  A  ammonia^  but  separates  again  as  the  ammonia  evaporates. 
(Persoi.) 

3.  Orthophoaphate,  Cd'PK)'. — Obtained  by  predpitating  a  neutral  solution  of  « 
•idaiie  salt  with  disodio  oiUiq;»hosphate,  as  •  white  insoluble  powder,  which  melts  to  a 
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ImnapAnDt  gLaiw.  According  to  Kuhn«  tli^  pi<ec:ipilute  sometimes  conaUiti*  of  a  mix- 
turfj  of  di-  and  tri-cadmic  eali^. 

PyropkoMpk^te,  Cd*P»0\2n*0  (nt  100*V— Thii  <»U  ia  obtained  by  precipitation 
«a  a  white  amorphoiw  heavy  powder,  which  disaolTcs  in  anlphorons  acid  and  eepanitea 
in  nafl!«oai  lamins  on  boiling  the  solation.  It  tn  insoluble  in  water  and  in  potash, 
aoloblf  in  aeidi,  in  ammoiiia,  and  in  f^xcets  of  aodic  pyrophosphate,  whence  it  is  preiu- 
pitat«d  by  atilphide  of  antmonium.  When  ignit«d  m  bydrogefi,  it  givf*«  off  a  little 
pboaphorotu  aii hydride  and  pho«pharett«d  hydrogen,  yit^tda  a  small  tnblimat^^  of 
mdmium,  and  learcs  a  white  laline  maw  atill  containing  phosphoric  acid  and  oxide  of 
mdminin.     (Schwa  rEenberg.) 

VliosplLat«a  of  CalelniD.  a.  MetaphoMphaie*. — Tb«  monom^aphotpkatf^ 
OaT'O*.  ia  obtained  by  dieiwlriii^  carbonate  of  calcium  in  orthoplioi«phonc  acid,  then 
ffTapomthig:  and  healing  the  residue  to  316^,  aa  an  inaoluble  white  powder,  which  is 
not  altered  by  water  or  dilate  addii,  but  ia  decomposed  by  atTonp;  srilpharic  Hcid 
(M  add  fell).  It  is  not  decomposed  by  alkaline-caru>nate«,  so  that  ita  acid  cannot  be 
transferred  to  other  baae«.    (Fleitmann.) 

Dimfta^hfisphnU  of  Calcium^  Ca'P*0**.4H*0,  is  obtained  pnre  and  crj-etalliDe  by 
precipitntmg  the  corresponding  potassium-  or  aodium-satt  wit-h  excess  of  dyoride  of 
calcium.  It  is  insoluble  in  water,  and  ia  but  slightly  attacked  by  strong  hydrochloric  or 
nitric  acid  ;  but  strong  sulphuric  acid  decomposes  it  compltt^jly  when  heated  with  il 
It  giTea  off  all  its  water  st  a  red  heat;  the  ignited  suit  no  longer  coolaina 
dtmetaphoephorie  acid,  and  is  not  decomposed  by  digestion  with  alkaline  carbooatea^ 
(Fleitmann.) 

DimftaphatpkaU  of  Calcium  and  Ammonitm^  Ca"(NH*)*P*0'»2H'0,  is  obtained  in 
spicniar  cnratals  by  mixing  a  solution  of  caldc  chloride  with  excess  of  the  ammonium- 
salt  and  adding  alcohol.  It  is  insoluble  in  water,  reacts  with  acids  like  the  puf« 
calctum-salt,  and  does  not  gire  off  all  its  water  till  heated  to  redness.  The  precipitste 
formed  by  chloride  of  calcium  and  dimetaphosphate  of  ammonium  always  contains 
ammonia,  even  when  the  chloride  of  calcium  is  added  in  excess^    (Fleitmann.) 

fi.Ort  hop  ho  tp  ka  tea  of  Calci  u  wi.-^l.  The  numocaiew^aH,  Call'FO*,  is  produced 
by  difsolrin^  the  di-  or  tii*caldc  salt  in  aqueous  phoephorie^  nitric,  or  hydrochloric  add, 
and  crystallises  on  cTaporatim  in  small  lamins  or  scales  contiiinius  1  at  wat4*r.  It 
has  a  strong  acid  reaction,  becomes  moist  and  greasy  when  exposed  to  the  air.  and 
diasolTes  i«adily  in  water,  Ibrming  a  solution  fnmt  which  alcohol  precipitates  a 
mixture  of  mono-  and  di-calcic  orthophosphatr^iit,  or  a  salt  of  inlermediate  composition 
containing  Cn*H"P^«  -  2CuH*F*0»Xa'H»PO*  (Berzeliui*)  or  Ca'H'F^O'*  = 
CttH*P*0*.Ca'lPP*0»  {Baewsky).  According  to  Erlonmeyer  (Jahresb.  1867,  p. 
115),  the  crystals  of  monocalcic  pbosphato  are  decomposed  by  cold  water  into  dicaleic 
orthophfjsphate  which  separates,  and  a  hyperacid  salt  which  remains  in  solution. 

Monocalcic  phosphate  melts  when  heated,  giring  off  all  its  water,  and  having  an 
insoluble  metnphosphate.  When  Ignited  with  charcoal,  it  gives  off  carbonic  anhydride 
and  phosphorus^  and  leaves  a  irsidue  of  tricalcic  phosphate  (p.  £00). 

Compounds  of  monocalnc  phosphate  with  chloride  of  calcium  are  obtained  by 
evaporating  a  solution  of  tricalcic  phosphate  in  hydrochloric  acid  (p.  667). 

An  impure  mixture  of  monocalcic  phosphate  and  gypsum^  sometimes  mixed  with 
organic  matter,  is  much  used  as  a  manure^  under  the  name  of  "superphosphate  of  lime** 
or  *' disintegrated  boue^asb  ;"  it  is  prepared  by  mixing  tlie  ground  lx>nes  either  raw  or 
burnt  with  5  to  10  per  cent,  sulphuric  add.  (See  Riohardson  and  Watts*  CheiRitul 
Tifknolffffff,  u  [4]  262.) 

2.  Ihcalcic  (frikophosphaU  or  neutral  pko^pkaie  ofetUaum^  Cfa*H*P'0*,  is  formed  by 
prf»dpitating  chlonde  of  ealdum  with  an  alkaline  orthophosphate,  eipedally  when  the 
solutions  are  Blightly  acid.  The  precipitates  thus  formed  vaiy  in  their  amount  of 
water,  and  are  crystalline  or  amorphous,  and  more  or  less  soluble  in  acids,  acconling  to 
the  manner  of  the  precipitation  ;  they  often  also  contain  admixed  trioaleie  phosphate. 

rt.  Tftrahydraltd,  Ca^H-P'0»,4H*0,— A  salt  haring  this  composition  is  the  prindpal 
constituent  of  certain  ovoid  concretions  found  in  the  softened  uruters  and  the  cloaca  of 
the  stti^^n  (called  Bdugemtdnf  in  German,  ^m  BJtUu^a,  the  Russian  name  of  the 
ifish).  It  is  formed  when  a  solution  of  an  alkaline  orthophosph»te  is  poured  into  a 
solution  of  chloride  of  calcium  (Haewsky),  and  may  be  ohtain^eil  cryi^tallised  by  pre-^ 
cipitatiniz  chloride  of  csJdum  with  exc^as  of  disodic  oil hopbosphat«,  ai.Hsolring  the  pre- 
cipitate in  acetic  acid,  and  leaving  the  solution  to  itself,  or  by  pouring  the  solution  of 
ealcic  chloride  into  a  solution  of  widic  phosphate  mixed  with  a  Isrge  quantity  of  acetic 
acid;  or,  according  to  Percy,  by  completely  prcdpitating chloride  of  ealcinm  with  a  very 
dilute  Bohifion  of  sodic  phosphate,  and  parsing  carl»onic  acid  itilo  thi^  liquid,  whereby  a 
portion  of  the  precipitate  is  dissolved ;  the  ftlter&d  liquid  left  to  itself  in  a  loc^slj 
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corered  Tessel  deposits  the  salt  in  rhombic  i>tates.  When  a  solutioD  of  chloride  of 
calciam  is  precipitated  by  a  slight  excess  of  orainary  aodic  phosphate— the  solution  with 
the  precipitate  diyided  into  two  e^ual  parts — to  one  portion  just  enough  nitric  or  hydro- 
chloric acid  added  to  effect  solution  without  the  aid  of  heat— the  other  portion  then 
added— and  the  whole  allowed  to  stand  quiet-ly  for  48  hours _ the  amorphous  precipitate 
of  dicalcic  phoephate  increases  rapidly  in  density,  and  is  gradually  conyerted  into  fine 
white  scales,  which,  under  the  microscope,  present  the  appearance  of  thin  tabular 
rhombic  prisms,  with  the  acute  prismatic  edses  generally  truncated,  so  that  the  crystals 
have  the  appearance  of  irregular  six-sided  tables.  The  salt  thus  formed  has  the 
composition  above  given :  it  is  decomposed  by  boiling  in  water,  and  becomes  bulky, 
opaque,  and  indistinct W  crystalline;  the  supernatant  liquid  strongly  reddens  litmus 
(Bodeker,  Ann.  Ch.  Pharm.  Ixix.  206^.  The  same  hydrated  salt  is  likewise  obtained 
in  rhombic  tablets  by  allowing  a  solution  of  disodic  phosphate  to  diffhse  slowly  intp 
chloride  of  calcium.    (Drevermann.) 

Tetrahydrated  dicaicic  orthophosplutte  does  not  lose  weight  in  vacuo  at  ordinary 
temperatures,  but  when  heated  to  150®  it  gives  off  all  its  water,  according  to  Bodeker ; 
according  to  Percy,  it  gives  off  2  at.  water  at  140^. 

b,  TrihydraUd,  Ca*H*PH>«.3HH>.— This  hydrate  separates  in  right  rhombic  crysUls 
when  limestone  is  subjected  to  the  action  of  phosphate  of  ammonium  and  canxmic 
add  (Beconerel),  and  is  obtained  as  a  crystalline  precipitate  when  a  solution  of 
«odic  phosphate  is  dropped  into  a  large  excess  of  calcic  chloride  (Berselius) ;  also, 
aoooKunff  to  Baewsky,  when  the  solution  of  calcic  chloride  is  added  to  the  sodic  phoa- 
phate.    It  gives  off  all  its  water  at  a  red  heat 

Dicalcic  orthophosphate  is  nearly  insoluble  in  cold  water,  and  is  resolved  by  boiline 
with  water  into  insoluble  tricaldc  and  soluble  monocalcic  phosphate.  The  predpitated 
«dt  dissolves  to  a  slight  extent  in  excess  of  chloride  of  caldum,  but  is  repredpitated  on 
addition  of  ammonia.      It  is  somewhat  more  soluble  in  water  containing  a  small 

Jiuantity  of  chloride  of  sodium,  ammoniacal  salts,  starch,  or  gelatin,  than  in  pore  water, 
it  dissolves  readily  in  nitric  and  hydrochloric  acids ;  acetic  add  likewise  cbssolves  it, 
but  with  some  difficulty  when  it  is  dense,  or  when  it  has  been  precipitated  by  excess  of 
aodic  phosphate ;  the  solution  thus  obtained,  when  left  to  itself,  soon  deposits  the  salt 
in  crystals ;  if^  on  the  contrary,  the  chloride  of  calcium  was  in  excess,  the  salt  dissolves 
more  easily  in  acetic  add,  and  the  solution  remains  perfectly  clear.  The  salt  dissolvea 
also  in  other  organic  acids  and  in  carbonic  add.  The  add  solutions  react  with  alkalis 
just  Uke  solutions  of  the  tricaldc  salt    Sulphuric  add  decomposes  it  completely. 

8.  Tricaldc  orthophosphate  or  NetUral  phosphate  of  calcium,  CaPK)*or3Ca''OJ*K)*. — 
This  salt  occurs  combined  with  chloride  and  fluoride  of  calcium  in  apatite  (i.  848),  and 
pure  in  osteolite  (iv.  247).  It  forms  the  chief  constituent  of  the  inorganic  part  of  bones, 
(i  622);  at  all  events,  the  predpitate  formed  by  dissolving  bone-ash  in  nitric  add  and 
nredpitating  with  excess  of  ammonia  has  this  composition  ;  the  bones  of  many  animals 
during  life,  perhaps,  contain  somewhat  less  lime,  ^ne-asb  contains  about  four-fifths  of 
its  weight  of  tri<»ldc  phosphate,  the  remainder  consisting  of  phosphate  of  magnesium 
and  carbonate  of  caldum ;  tricaldc  phosphate  likewise  occurs  in  considprable  quantity 
in  the  excrements  of  carnivorous  animals  and  in  coprolites.  Berzelius  formerly  supposed 
that  the  phosphate  of  caldum  contained  in  bone-earth  was  not  pure  tricaldc  phosphate^ 
but  that  the  ignited  compound  consisted  of  8CaO.P*0»  or  2Ca«F«0«.Ca''P0'. 

Tricalcic  phosphate  is  obtained  in  the  amorphous  state  by  precipitating  chloride  of 
caldum  with  trisodie  phosphate ;  by  slowly  adainff  a  solution  of  discxiic  ortnophosphate 
mixed  with  ammonia  to  a  solution  of  chloride  of  csJcinm,  the  latter  being  kept  m  excess ; 
bv  mixing  chloride  of  calcium  with  less  than  the  equivalent  quantity  of  disodic  ortho- 
phosphate,  and  precipitating  with  ammonia ;  or  by  treating  dioddc  orthophosphate 
with  caustic  potash  or  soda,  which  abstracts  one-third  of  the  add : 

8(fa'H«P«0«  +  2KH0     -     2d'a»P«0«   +   2KH»P0*   +  2HK). 

The  salt  obtained  by  either  of  these  processes  is  a  translucent  gelatinous  predpitate 
which  dries  up  to  a  white  earthy  powder. 

The  salt  is  obtained  in  the  crystalline  state  hj  heating  dicalcic  pyrophosphate  with 
water,  whereby  it  is  resolved  into  phosphoric  aad  and  tricaldc  phosphate,  whidi  thm 
separates  in  rectangular  plates : 

8Ca«P^'  +   3HH)     -     2Ca«PK)«  +   2H«P0\ 

Dicaldc  orthophosphate,  heated  with  water  to  280'',  undergoes  a  similar  but  slower 
and  less  complete  transformation,  and  the  resulting  tricalcic  salt  forms  indistinct  prisms. 
(Reynoso.) 
The  precipitated  salt  contains  in  the  air-dried  state  3  to  6  at.  water,  2  at.  of  whidt 
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fT>liuilly  e»^|ie  M  cominoa  temp«ratur6S ;  th«  imlt  fined  «t  lOu^  stilt  reUtna  Int. 
HAtt^r  (Ludwig);  accardmg  to  fienelioi,  the  oompoimd  oonUiiui  2  at.  w»ter  ^  after 
drying  At  200*^  it  ia  anhydpouB.  It  is  not  deoompowd  bv  limple  ignition,  but  when 
UeAi«»d  to  rtdneuft  with  irilicii  iind  ctiAfcojd,  it  give*  oflf  otrbonic  oxide  »ttd  phosphora* 
(p.  600),  And  itt  convert«d  into  silieate  of  calcium. 

Tricailcic  phoii|»btite  \b  insoluble  in  pure  water,  alcobol^  and  ether,  slightly  soluble 
io  water  contnining  chloride  of  sodium,  ammoniacal  saltB,  g«Litin,  stardb,  sj>d  other 
iirgiuiie  mutt^iD ;  more  soluble  in  wuter  oontnining  carbonic  acid.  A  litre  of  water 
saturated  with  carbonic  acid  dissolrfss  0  663  gnu.  boue-earth,  the  greater  part  of 
which  (O'fiOO  gnn.)  separate.^  on  boiling.     (Iiiebig.) 

Triealcic  phosphate  dissolves  eiisily  in  uitric  and  hydrochloric  acids,  somewhat 
Jesa  easily  in  acetic  acid  and  other  orgauic  acids.  It  is  completely  decomposed  by 
excess  of  sulphuric  acid,  if  not  too  dilut«>.  A  solution  of  potassic  or  sodic  carbonate 
does  DOi  deooropc«e  it  in  the  colci  but  pttrtial  decompo6itiou  takes  place  on  boiling  or 
fbatn^  the  salt  with  an  alkaline  carbonate^  Triealcic  phosphate  aissolred  in  hydro- 
chlone  acid  is  decomposed  by  ferric,  uranic,  eerie  SAltJH,  &c,,  in  the  manner  already 
described  (pp.  644,  646).  From  a  solution  of  the  salt  in  nitric  acid  mixed  with  acetate 
of  potansium  or  sodium,  acetate  of  lend  throws  down  all  t  he  phosphoric  acid  as  phosphate 
of  lead.  From  a  similar  solution  the  calcium  is  complt^tely  precipitated  as  oxalate  by 
addition  of  oxaUte  of  ammonium^  the  whole  of  the  phosphoric  acid  rt^maiuing  iu 
•olutioo.  ^ 

The  salt  8Ca"0.3F'0*.H'0  -  2Ca'r«0rCa'H*F«0«,  fomerly  supposed  by  BeixeliiM 
to  exist  in  t>oue«earth,  is  gcneruUy  obtained  ab  a  gelatinous  precipitate  when  an  add 
solution  of  triealcic  phosphate  is  treated  with  ammonia  not  tu  excess. 

Pho9phat€hchlorideM  of  Cafdum.— Some  varieties  of  apatite  consist  of  3Ca'P  0*.Ca'Cl*; 
in  others  the  eldorioe  is  wholly  or  partly  repbced  by  fluorine*  A  compound  of  tricaldc 
phosphate  with  chloride  of  calcium  is  produced  artificially  by  mixing  Ihe  recently  pre' 
eipitttted  dic&lctc  orthophosphate  with  chloride  of  calcium,  and  gradually  heating 
the  mixture  to  redness.  Hydrochloric  acid  then  escapes,  and  the  residue  still  oontaiua 
chloride  of  calcium,  only  a  small  portion  of  which  can  be  dlssolvnl  out  by  water. 
The  exact  coinpo«itioD  of  the  residue  ha»  not  been  ascertained. 

Compounds  of  loooocalcic  orthophoephate  with  calcic  chloride  are  obtained  by  eva- 
ponatiiig  a  solution  of  the  triealcic  salt  in  hydrochloric  acid.  A  solution  saturated  and 
left  to  eraporate  at  coiumon  tempemtiin^e  deposila  cnuits  made  up  of  rhomboidal 
platea  of  the  salt  7CVH*P*0».Ca  C1M4H»0.^,  The  same  solution  evjiporati*d  over  the 
water-bath  flnt  deposits  the  dicalcic  salt  CJ'H'P'O*,  and  the  fittrate,  when  further 
f*vaporaled,  jrfelds  first  a  sm&lJ  quantity  of  thf  phosphato-chJoridH  just  mentioned,  then, 
while  the  hquid  fs  still  warm,  white  «cales  baring  the  composition  Ca"H*F'0*.Ca"Cl*.H'0, 
The  same  salt  i»  obtained  by  adding  chloride  of  calcium  to  a  solution  of  lime  in 
phosphoric  acid  containing  2  at  CaO  to  3  at,  P^O*.  and  eraporating.  At  temperatures 
below  6^,  this  salt  separates  partly  aa  abore,  partly  in  long  needlea  containing  S  at. 
water  of  crystaHiaation  ;  these,  when  kept  in  a  closed  resaeC  are  reaolvpd  at  ordioary 
it-mperatures  into  water  and  the  preceding  hydrate.  A  cold  saturated  solution  of 
diceJcic  phosphate  in  hydrochloric  acid  yields,  according  to  the  extent  to  which  the 
evapoiratLoa  is  carried,  various  mixtures  of  salts,  among  which  monocalric  orthophoa< 
phate  appaars  to  occur,  but  never  pure.  When  a  solution  of  dicalcic  orthophosphata 
in  hydrochloric  acid  is  saturated  at  ordinary  tempemtures  with  tncalcic  phoephate, 
then  mixed  with  half  the  quautity  of  hydrochloric  add  already  contained  in  it,  and 
eraponted  at  a  very  gentle  heat,  so  far  that  it  begins  to  erysta'lise  on  cooling  below  6^» 
the  cryilaLi  thus  obtained  are  very  much  like  the  flrst^mentioned  phosphatoHshloride ; 
but  haTe  the  composition  4Ca"H*PK>*.Ca''Ci».8H'0  and  the  liquid  separated  therefn>m 
yields,  on  further  evaporati<^n.  the  salt  Ca*H*l*K)*.Ca''Cl'»  with  1  or  8  at.  water^  accord- 
ing to  the  temperature  at  which  the  erystalliaation  takes  place.  (Erlenmeyei; 
Jtthresb.  1867,  p.  146.) 

Tricaick  phosphate  wt/A  Muminic  ff^rau,  Ca*P'0»  2Ar'H*0«  —  A  mineral  baring 
thia  composition  baa  lately  been  found  occumug  as  a  light,  soft,  whittt  powder  iu 
cavities  and  fiasurei  of  a  mass  t/t  quartc-crystals,  mixed  with  iron  and  rap[^>er  pyritea 
and  partly  coated  with  childrenite,  from  Tavi#ftock  jn  Devonshire.  Under  the  micro- 
scc^pe  it  is  seen  to  conaLNt  of  minute  aeicular  cystals,  transparent  to  tnin«luc«*nt  and 
fragile.  When  hejtted  alone  it  glows  and  becomes  opaque,  and  after  ignition  gives  a 
distinct  htu*'  colour  with  nitratt*  of  cobalt.  It  gives  no  colour  to  a  borax  bead  (unless 
childwiiite  is  present).     It  gave  by  analysis   30  36  per  cent  PCP,  36  27  Ca-Q,  22*40 

Al-'O',  »nd  1200  wfUer:  the  above  fc^rmuK  or  3Ca"0,P*0* APCP  -i-  3H*0,  requiring 
30  II  F0\  36  97  CVU,  2206  Al'O*,  and  11-66  water.  (Church.  Chem.  Soc  J! 
xviii  263.) 
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A  minenl,  supposed  to  be  a  hydrated  cnUno-alaminie  phosphate,  was  found  by 
Dam  our  (Instit.  1853,  p.  77  ;  Jahresb.  1863,  p.  930)  in  the  diamond  sand  of  Bahia. 
It  occurred  in  rounded  pebbles  containing  12*7  per  cent  water. 

7.  'Pyrophosphate  of  Calcium^  Ca*P*0'. — ^Aqueous  pyrophosphoric  acid  pre- 
cipitates lime-water,  but  not  calcium-salts.  Chloride  of  calcium  yields  with  pyrophos- 
phate of  sodium  a  white  amorphous  precipitate  of  caldc  pyrophosphate ;  and  if  this 
precipitate  is  dissolred  in  a  saturated  aqueous  solution  of  sulphurous  acid,  and  the 
solution  heated,  the  salt  separates,  as  the  sulphurous  add  escapes^  in  the  form  of  a 
crystalline  crust,  which  floats  on  the  surface  of  the  liquid  at  firsty  but  ultimately  sinks 
at  the  bottom.  It  is  soluble  to  a  small  extent  in  water,  insoluble  in  acetic  acid  and 
solution  of  sodic  pyrophosphate  (Schwarzenberg).  Like  dicaldc  orthophosphate, 
it  is  more  or  less  soluble  in  acetic  acid,  according  as  it  has  been  predpitated  from  a 
solution  containing  excess  of  chloride  of  caldum  or  of  the  alkaline  pyrophosphate 
(Baer).  It  is  easily  soluble  in  nitric  and  hydrochloric  add,  nearly  insoluble  in  aqueous 
pyrophosphate  of  sodium.  The  crystalline  salt  contains  4  at  water,  1|  at  of  which 
are  retained  at  100° and  1  at  at  110°.    (Schwarzenberg.) 


\  9t  Oerlvm*  The  only  known  phosphate  of  cerium  is  the  t r i ce r o u  s 
orthophosphate,  Ce'FO',  which  occurs  as  a  natural  mineral  both  in  the  anhydrous 
nod  the  hydrated  state,  and  is  formed  artifidally  by  precipitating  a  cerous  salt 
with  phosphoric  add  or  a  soluble  phosphate.  The  predpitate  is  white,  puhrem- 
lent  when  dry,  insoluble  in  wate^  and  in  aqueous  phosphoric  add,  slightly  8(Mi^le  in 
hydrodilorie  and  nitric  acids.  When  strongly  ignited  in  a  diarooal-lined  cmdble^  it  is 
neither  fused  or  reduced,  but  merely  cakes  togeSier. 

Anhydrous  trieerous  phosphate  occurs  in  CrvptoUte und  PkoMhoceriie,  tuo- 
ciated  in  the  latter,  and  probaoly  also  in  the  former,  with  the  corresponding  phosphates 
of  lanthanum  and  didymiuro ;  also,  together  with  phosphate  of  lanthanum  (and  pro- 
bably also  of  didymium),  phosphate  of  Siorinum,  and  a  small  quantity  of  phosphate  of 
caldum,  in  Monazitc. 

CryptdiU  was  discovered  by  Wohler  in  the  rose-coloured  apatite  of  Arendal  in 
Norway,  from  which  it  is  separated  by  dissolving  the  apatite  in  nitric  add.  The  cryptolite 
is  then  left  undissolved,  together  with  microscopic  crystals  of  magnetic  iron-ore,  horn- 
blende, and  an  unknown  substance  of  a  hyadnth-red  colour,likewi8e  containing  ceriuuL 
Th»  crystals  of  cryptolite  are  hexagonal  prisms  about  a  line  in  length,  and  of  a  wine- 
yellow  colour.  By  exposure  to  a  moderate  heat,  they  undergo  no  change  either  in 
appearance  or  in  weight  Spedflc  gravity  »  4^.  Decomposed  by  strong  sulphuric  acid, 
the  whole  being  reduced  to  a  dry  earthy  mass. 

Phosphoeerite  was  discovered  by  Mr.  Ollive  Sims  in  the  cobalt-ore  of  Johannisberg  in 
Sweden,  of  which  it  forms  about  the  one-thousandth  part  It  remains  when  the  ore 
after  calcination  is  treated  with  hydrochloric  add  for  the  purpose  of  extracting  the  co- 
balt tuB  a  greyish-yellow  crystalline  powder,  associated  with  a  small  quantity  of  minute 
dark  purple  crystds,  which  are  strongly  attracted  by  the  magnet,  and  appear  to  consist 
of  mngnedc  iron-ore  and  oxide  of  cobalt.  The  crystals  of  phosphocerite,  when  exa- 
mined b^  the  microscope,  present  two  forms — one  an  octahedron  (not  regular),  the  other 
a  four-sided  prism  with  quadrilateral  summits ;  both  forms  appear  to  belong  to  the 
trimetric  system.  Hardness,  between  5*0  and  6*6  (Chapman,  Chem.  Soc  Qu.  J.  ii. 
164).  Spedfic  gravity  =4*78 (Watts).  When  exposed  to  the  blowpipe  flame  it  vitrefles 
partially  on  the  edges  and  surface,  tinging  the  flame  at  the  same  time  slightly  green. 
With  the  usual  blowpipe  reagents,  it  presents  the  reactions  of  cerium,  imparting  how- 
ever to  the  borax  and  phosphate  of  soda  glasses,  when  cold,  a  pale  violet-blue  tint, 
either  owing  to  the  preseuce  of  didymium  or  to  the  admixture  of  a  small  portion  of  the 
cobalt-ore.  With  borax  and  soft  iron  wire  it  produces  a  brittle  phosphide  of  iron 
(Chapm  an).  Oil  of  vitriol  aided  by  gentle  heat  decomposes  it,  forming  a  pasty  mass, 
which  is  soluble  in  cold  water,  with  the  exception  of  a  small  quantity  of  silica. 

Anati/8e8:  a.  Crypto/i^  (Wohler,  Ann.  Ch.  Pluurm.  Ivii.  268). — h.  PhospkooeriU 
(Watts,  Chem.  Soc  Qu.  J.  ii.  181). 

a.  5. 

Phosphoric  anhjrdride         .        .        .        27*37  29*33 

Protoxide  of  cerium,  &c    .        .        .        70*29  66*66 

Protoxide  of  iron        ....          1*61  2*70  FeH)« 

Ph>toxide  of  cobalt 0*46 

99*14  9914 

Both  these  analyses  agree  apraoximately  with  the  formula  Ce*P*0*  or  SCeO  J>K)*, 
irhich  requires  36*47  per  cent  P*0*  and  69*63  CeO.    A  closer  agreement  is  scarcely 
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tA  tM  «spiH!ted,  imusmticb  aa  the  oaides  of  UnthanuiD  and  didjmiQm,  which  «xiBt  in 
liirge  quant  it  J  in  phoaphoeerite,  and  an  prohsblj  also  ptveent  in  cryptolite,  wits 
Dot  »cparat(*d  from  the  ceroiu  ojcide.  Pbo«phoe«rit«  is  upceiallj  remurkahle  for  the 
lafge  amount  of  didymima  contnined  in  iL  If  this  is  abo  the  cBMe  with  erjpiolitt', 
there  can  be  bat  little  doubt  of  the  idrotjty  of  the  two  miiierali»  for  the  diflfertfOCf^ 
obeenred  in  th«»  cryitnliiiie  fbnns  cannot  be  ivganled  aa  iinpoxtaiit,  or  aa  quite  distitiotly 
mude  out*  inaamoch  aa  the  eiTsAala  are  merely  microaAjpic 

Hjdrat^d  trireroai  phosphate  has  lately  bees  Utnnd  by  Chtirch(ChetD.  Soek 
J.  zviiL  259)  in  a  ci^etalliBi'd  minerai  from  Comwallp  oecurnng  at  a  thin  rruat  of 
▼ery  minute  cryatala,  cloaely  inTestiug  a  quartzose  matrix.  The  cr^sUils  are  ge* 
oemllr  arrmnffed  in  fan-like  groupa  of  aingle  rowa  of  pnema,  banng  their  fucea 
of  uaioD  parcel  to  the  lai^r  lateral  priamatijc  planes.  Sometimea  the  strueture  ia 
nlmoat  oofaunnar,  or  in  radiating  gruupa,  preaenting  a  dnisy  aurfacet  and  in  genenil  ap< 
pnirannn  aomewbat  like  that  of  warttllite.  The  crystals  appeur  to  be  monodinic,  and 
•fapffJamalieaUy developed.  The  end-face  oP  te  u anally  an nnoKidifled  rhomboid;  some- 
timea, howerer,  ita  acute  nnglea  arc  truncated.  Cleavage  parallel  to  oP,  very  perfect ; 
the  crystals  are  clearable  cdao,  parallel  to  a  plane  repla^n^  the  acate  solid  anglca  or 
acute  prismatic  edges;  also  pamllel  to  the  larger  lateral  priamatic planes.  Th^*  crji^stala 
are  fmgtle,  transparent  to  translucect,  with  ^ntroous  lujjtre,  bright,  pearly  on  the  end* 
£tcea;  colonr  pole  smoke -grey  indintnff  to  flesb-red;  streak  and  powder  whit4^,  Thi) 
etyttala  are  aonblr  refeictiTe.  Haranass  niher  above  fl;  speeiflo  gravity  approiLi- 
nately  «  3  14.  The  mineral  heated  alone  in  a  tube  beeomea  opaque,  and  gives  off 
water,  baring  a  rerr  Caint  acid  reaction.  In  the  outer  bloit-pipe^flama  it  becomes  red- 
dish, and  then  exhibits  the  difficolt  solubility  of  cryptolite.  It  melts  and  disaolres 
completely  in  boras*  forming  in  the  oxidising  flume  a  bead,  which  is  opaline  and  orange- 
yellow  while  hot^  colourleBi  or  slightly  ame&ystine  when  cold. 

The  mineral  gives  by  analrses  (mean)  14*9S  per  cent,  phosphorie  anhydride,  61*87 
cefous  oxide,  6  42  lime»  and  14*93  watery  agreeiniir  neiany  mih  the  formula  SCe^O*. 
Ca*'0,2F-0*  +  8H'0  or  (|Ce''.JtCa'*)»P»0»,4H«0,  which  reqtiir^^  2773  per  cent,  FK>*, 
M-7a  Ce^O,  6*47  Ca'O,  and  1407  water.     (Church,  Ch^m.  Soc  J.  xriii  2t'i&.) 

91fcos|>tiatea  of  Cbromluin. — «.  Chromic  mftaphotphatf^  Cr'O^SP'O*,  or 
Cr'*P*0*,  \»  obtained  as  a  Kraeu  anhydpona  sult^  perfectly  insoluble  in  water  and  iu 
acids,  by  evaporating  a  solution  of  cliromic  oxide  in  pxcesa  of  aqueous  orthophosphorte 
acid,  and  heating  the  reaidue  to  316^.     (Mad  d  rell) 

fi.  Chromout  orthopkospkate  ia  a  blue  precipitate,  formed  on  adding  ordinary 
phosphate  of  sodium  to  the  solution  of  chromous  chloride.  It  ia  easily  soluble  in  acida^ 
and  turns  green  on  exposure  to  the  air.    (Mo berg.) 

y.  Chromic  ortkopho  tp  h  ate,  Cr*PO*. — A  solution  of  chromic  chloride  made  as 
neutral  as  possible  forma  with  phosphate  of  sodium  a  green  precipitate^  which  turns 
blue-black  in  drying.  (Yauquelin;  see  also  Bowling  and  Plnnkett,  Chem. 
tJaa.  1858,  220.) 

When  di-sodic  orthophoaphate  is  added  by  drops  to  a  solution  of  chrome-alum,  but 
not  10  (tufRcient  quantity  to  throw  down  lUI  the  chromium,  a  bulky  precipitate  is  formeil 
oonsisting  of  Cr"P0*.6H*0.  which,  on  eramUng,  becomes  dark  violet  »ind  crystalline. 
The  fillnite  fipom  this  ppc*cipitate,  if  treated  with  aqUHntity  of  sotlic  pho«<phftte  sufRcieot 
to  pr#*cipitate  nearly  all  th«  ehroraiumt  yields  a  pentjihydrated  salt,  Cr"'Pr)*,5n'0,  less 
erystnlltne  and  aomewhiLt  lighter  in  colour  than  the  precrnling.  If  the  t»olution  of 
chroma-alum  be  added  by  drops  to  th<^  aolutioo  of  sodic  pho8ph;ite,  a  tiocenlent  green 
precipitate  is  formed,  oonsisting  of  a  trihydrate,  CV"P0*.3H'0.    (R  a  m  m  e  1  sb  erg.) 

3.  Chromic  pf^rophosphatf,  2Co»0*.3P*0*  -  CVPK)*'.— Formed  by  precipi- 
tating a  Bolution  of  crystaJUsed  chrome-alum  with  sodic  pyrophosphate.  At  ordinary 
temperatures,  a  dirty  red  precipitate  appears,  but  with  a  boiling  solution  a  pide  greeu 
prficipilate  is  obtained.  Thia  salt  is  soluble  in  solution  of  aodic  pyrophot^phate ;  in 
Kt  rrtng  mineral  acids ;  in  water  acidulated  with  sulphurie  acid,  from  which  it  is  again 
procipitated  in  an  amorphous  state  on  boiling ;  and  in  solution  of  potash.  At  100°  it 
aasumes  a  deeper  green  colour,  but  alter  ignitiou  appears  paler.  The  hydrate  Qontainii 
7  atoms  of  water.    (Sc  h  w a  rs  e  n  b  e  r g.) 

Fbosi^liatea    of  CotMUt*      a,    Metaphosphateg. — The    mofv>metaph&^kate, 

Co"P^i  r,  tt>  piimtes  MS  a  rose-red  powder  when  sulphate  of  cobalt  is  heated  with  exosai 
of  orthophoj-phoric  acid  to  316^.  It  i«  intHjluble  m  water  and  in  dilute  acids^  deedm 
p>8ed  by  warm  sulphuric  acid,  scarcely  ftt'tetl  upon  by  sulphide  of  ammonium.  (Mad* 
drell.) 

The  hfJ-mrtnphfutphnU  is  obtained  by  precf  pita  ting  chloride  of  cobalt  (not  the  snl- 
pha(e1i  with  the  corresponding  sodium-salt.  The  precipitjite  is  red,  and  is  converted 
by  agitation  into  oily  drops  solnble  in  excess  of  the  ^o(ttam•8alt.   (H.  Rose.) 
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3.  Orthophosphate.  Co*P«0".8H«0.— Obtained  by  twating  a  cobalt-salt  with 
dinoilic  orthophosphate,  as  a  reddish-blue  flocculent  preciDitate,  which  disaolvea  in 
excess  of  the  cobalt-salt,  forming  a  red  solution,  which  yields  on  boiling  «  red  precipi- 
tate, redissolving  as  the  liquid  cools.  By  decomposing  pyrophosphate  of  cobalt  with 
water  at  180°,  the  same  salt  is  obtained  in  smaU  rose-oolouiwl  ciystals,  which,  when 
heated,  giye  off  water  and  turn  reddish-blue.  By  heating  carbonate  of  cobalt  with 
excess  of  phosphoric  acid  to  160° — 160<>  in  a  sealed  tube,  a  hydrat«d  salt»  Co*P*0".2H*0, 
is  obtainiHl  in  crystals.    (Debray,  Ann.  Ch.  Pharm.  cxt.  60.) 

Ortbophosphate  of  cobalt  is  insoluble  in  water,  and  but  very  slightly  soluble  eren  in 
presence^  of  ammoniacal  salts,  but  dissolves  in  acids  and  in  free  ammonia.  By  isnitiiiff 
in  hydrogen  gas  it  is  reduced  to  tricobaltic  phosphide,  Co'P*.  The  predpitaitoaaalt  is 
used  as  a  pigment.    (Salv^tat,  Compt  rend.  UTiii.  296. ) 

A  mixture  of  cobalt-phosphate  and  alumina  yields  when  ignited  a  fine  blue  oolonr, 
known  as  Leyden  (more  properly  Leithner's)  or  TkSnareTa  blue^  or  eobalt-ultrtunarine. 
It  is  prepared  by  mixing  16  pts.  of  recently  precipitated  gelatinous  alumina  with  2 
pti.  phosphate  (or  1  pt.  arsenate)  of  cobalt,  dmng  the  mixture  thoroughly,  and  then 
gradually  heating  it  to  redness.    (Handw.  d.  Cfhem.  yi.  362.) 

7.  Pyrophosphate  of  Cobalt  obtained  by  precipitation  is  soluble  in  excess  of 
the  alkaline  pyrophosphate  and  in  ammonia.    (Schwarsenberg.) 

Flio«iiliatas  of  Copp«r.  a.  Me taphosphai e. — This  salt  is  obtained  by  mixing 
cnprio  sulphate,  nitrate  or  oxide  with  a  slight  excess  of  aqueous  phosphoric  add 
(best  in  the  proportion  of  4  at  cupric  oxide  to  6  at.  phorohorie  anhydride),  eyaporating 
and  heating  the  mass  with  constant  stirring  to  350^,  till  it  no  longer  spirts,  axid  phoa- 
phorie  add  begins  to  escape  in  white  yapours.  The  mass  when  cold  is  to  be  washed 
with  cold  watej  till  the  wash-water  no  longer  exhibits  any  add  reaction  ;  the  cupric 
metaphosphate  then  remains  in  a  pulyerulent,  indistinctly  crystalline,  anhydrous  salt. 
If  a  larger  excess  of  phosphoric  add  is  used,  and  the  mixture  yery  strongly  heated 
over  a  lamp,  and  then  left  to  cool  very  slowly,  the  cupric  metaphosphate  separates 
in  shining  crystals,  which  are  larger  and  more  distinct  in  proportion  as  the  mass  has 
heen  more  slowly  cooled. 

Anhydrous  cupric  metaphosphate  is  bluish-white ;  quite  insoluble  in  water,  nearly 
insoluble  in  most  adds  and  alkalis,  eyen  when  concentrated,  but  dissolves  easily  in 
nmmonia.  It  is  easily  decomposed  by  sulphide  of  ammonium  or  potassium,  less  easily 
by  sulphide  of  sodium,  yielding  in  each  case  an  alkaline  dimetaphosphate :  hence  the 
wilt  is  inferred  to  be  cupric  dimetaphosphate,  Cu*P*0"  or  2Cu0.2PK)*.  It  is  decom- 
posed by  warm  strong  sulphuric  acid  with  formation  of  orthophosphoric  ac!d. 

The  same  salt  is  obtained  in  small  well-defined  hydrated  crystJs,  Cu«P*0".8H*0,  by 
mixing  moderately  concentrated  solutions  of  cupric  chloride  and  sodic  dimetaphosphate ; 
from  dilute  solutions  it  easily  separates  on  addition  of  alcohol  It  is  light  blue, 
insoluble  in  water;  does  not  part  with  its  water  of  crystallisation  at  100^. 
(Fleitmann.) 

AmmoniO'Cupric  metaphosphate,  Cu''(NH*)'P'0'*.4H*0,  is  obtained  in  confriaed 
needle-shaped  cxystals  on  mixing  moderately  concentrated  solutions  of  ammonium- 
dimetaphosphate  and  cupric  chloride,  the  former  in  excess,  and  adding  alcohol.  It  is 
bright  blue,  sparingly  soluble  in  water,  gives  off  a  small  portion  of  its  water  at  ordinary 
temperatures,  but  still  retains  2  at.  water  at  100°.  Sometimes  the  crystals  formed  by 
precipitation  as  above  contain  only  2  at.  water,  and  these  are  permanent  in  the  air ; 
hut  the  circumstances  which  determine  the  formation  of  one  hydrate  or  the  other  are 
not  exactly  understood.    (Fleitmann.) 

3.  Orthophosphates. — An  acid  orthophosphate  is  obtained  as  a  green  gummy 
mass  by  evaporating  a  solution  of  the  tricupric  salt  in  aqueous  phosphoric  add. 

Dicftpric  orthophosphate,  Ou*H*P*0",  is  obtained  as  a  blue-green  flocculent  predpitste 
by  completely  predpitating  cupric  sulphate  with  disodie  orthophosphate.  It  is  inso- 
luble in  water,  sparingly  soluble  even  in  presence  of  ammoniacal  salts,  but  dissolves 
easily  in  adds,  even  in  acetic  add.  By  ignition  with  chairoal  it  is  reduced  to  dicupric 
phosphide,  Cul**. 

The  tricupric  salt,  Cu"P»0»,  is  produced  by  precipitating  cupric  sulphate  with  such 
fk,  quantity  of  disodie  orthophosphate  as  to  leave  the  former  m  excess,  or  by  heating 
cupric  pyrophosphate  with  water  to  280°.  The  first  method  yields  it  as  a  blue-peen 
amorphous  precipitate.  The  second,  in  dark  yellowish-green  crystals,  but  containing 
3  at.  water.  It  behaves  with  water  and  other  reagents  like  the  dicupric  salt,  and  is 
reduced  by  ignition  with  charcoal  to  tricupric  phosphide,  Cu*P*. 

Several  hydrated  basic  cupric  orthophosphates,  or  compounds  of  cupric  ortbophos* 
phate  with  oupric  hydrate,  occur  as  natural  minerals;  their  formula  are  as  follows : 
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mi 


Libetbeiiits 

Tagilite     . 
Dihjdrito  . 
Ehlitft 
Fbo«plu)chjdc'iie 


iCu'OFOMlK) 
lCu''0.P*0*.2H'0 

5Ca''OPH>*.2H»0 
5Cu"OJ*«0*.3H'0 
6Cii*'0-P*0».3H>0 


Cti«FO*.Cu"HH)» 

Ctt'p«o*,Cttn'0'^. 

Cu»P«0\Cu'H=0^2aq, 

Cu«FO*,2Co*HW.Jiq.  (?) 
Ci'F0«,3Cii''fl«O" 


Ltbethrnite  occurs  «t  LiLHh^n  in  Huogaty  &n<]  Hi  NiBcfane  Togilsk  in  tJie  Unil, 
ill  triro#'tric  fryBt»\n.  Ratio  of  aiee,  a:  h  :  c  ^  0-9108  : 1 :  0-6749.  Angle  »P  :  ooP 
tm  Bi^  6S';  ^00  :  Pad  (baMd)  ->  68^2'.     Ordmarj  combinatioa  ooP  .  !*«>  .  P,  th«Lwa 

former  fic*'*  greatly  predomiiiAting.  It  i»  i^omorphous  witholivenite,  Cu'(A«;  P)K)*. 
Ca.''H*0%  Clearage  parallel  to  obFoo  and  Qct^o&  ?ery  indistincL  It  likewiao  occurt 
in  globuUr  and  reniform  compact  maii«68.  Harrlnpsa  *  4,  Speciftc  gmTitjr  «  3  6 — 
3'8.  It  ii  ftubtrftnfporvDt  or  frabtranslncent,  witb  oliT«-greeo  colour  and  sti^ak,  atMl 
ri^QOoa  lustre,  Fncture  subconchoTdal  to  uneven.  Brittle*  When  heated  it  gives 
offvater  and  bWkend.  It  colours  the  blowpipe  flame  lliiotlj  blue  aod  idler  being 
moiHiened  with  hjdrocbtoric  iieid,  distioctlj  blue,  and  metts  to  a  bbu^iib  mass  wbich 
•olidiliea  in  the  crystaHine  state.  It  is  partialijr  reduced  on  cbaicottl,  completely  on 
luldition  of  aodic  carbonate.  Tbe  other  cnpric  hydrophoiphfttefl  exhibit  similar 
characten  when  h^'ated.  They  all  di«»olTe  ia  acids  with  blue  or  green  colour,  in 
ammooiawith  pure  blue  colour. 

Analyse*  of  Libithtnitf. — a.  From  Libethen  ;  cryst^alliaed  (Kiilin,  Anu.  Ch.  Phtrrn. 
Ii,    124) — h.    The  i»am«    (Bergemann,  Pogg-   Ann.   dv»  190), — c.   From    Nisschno 
Tugilaki  eryfltallised  (Hermann,  J,  pr.  Chem.  ixxvii  I7fi): 
F*0*    Aa*0*    Cu"0    H*0 
«.     89*44      .     .      66*94     4  05       -        100-43 
k     26-46       a-30     6629     404        «p  09*09 

€.     28-61       .    ,      e6'89     5s:0       =        lUO 

The  formula  iCu'OP'O.H'O  rcquiwa  2972  per  ceot.  P"0*,  66*ftl  CvTO,  and  377  H"0. 
pBeiidolibethetiitefrom  libetlieii  (so-oaUed  libethenite)  analysed  by  Berthier. 

iAnn  Mtn.  viiL  334),  cunLaina  287  per  eeot  ^'H^^^  63-9  Cu"0  and  74  water;  that  from 
4tnc  on  the  Eh  me  (jio-called  ehht«)  bUckiAh  green,  and  of  epecific  gravity  4'27» 
jiUAlyaed  by  Khodiu«  (Aun.  Ch.  Pharm.  kii.  37 1),  eontjiina  28*9  FK)^,  63  1  Cu*0  and 
7-8  water.  The  furmuhi  4Cn"'O.P«0*.2H«0  requires  28  64  PO*,  6410  CmTO  and  7'26 
water. 

Tagilite^  a  mtneml  ^ro  Niachne  Tagilak,  oocnrring  in  emerald^green  moasea  of 
specific  gravity  3  5^  contains  26-91  per  cent  P*0*,  0238  Cii*'0  and  10'71  water 
(Herm  an  n,  Uhs,  cit,);  the  fonnula  4Cu*'0.P*0»  SH*0  reqiurea  27*64  ¥^\  61 -86  Cn'O 
and  10*51  water. 

Dihydrite,  ocTorringat  Vimeberg  near  KheinbreiteDbacht  and  at  Niitehne  Tagilak, 
in  small  dark  green  crystals,  reeembUng  plioaphochaldte  in  physical  charactefa, 
contains : 

P«0»    Ctt"0     H*0 
Vimeberg     .         .24  70     6820     6-97       -       98  87  Arfvedson ;  Ben.  JahreaK 

iv.  143. 
Niscbne  Tagilsk    ,  25' 30     68' 21     6*49       «     100       Hermann,  ^of,  cft 

The  formula  5<.*u''O.P»0*.2H«0  requires  2469  P*0*,  6906  Cii"0,  and  625  wafer. 

E  h  1  i  t  e  I  which  cootains  ranadium)  has  been  already  deaeribed  (ii.  367).  Cnpnc  hy* 
dropbospbat^s  are  also  found  at  Vimeberg  and  Niselme  Tagilak  containing  qoantitieaof 
wmter  intermediate  between  those  bdonging  to  dihydrite  and  ehlite.  (Ra mm e la- 
be  r|f8  Mififra/chtmif,  p,  346.) 

Phosphochalcite  forms  hemihedral  trimotric  cr^^stals,  resembling  monodinic 
fortm.  Ratio  of  axes,  a  :  6  :  c  -  0  667  :  I  :  '/2  .  Angle  ocP  :  a>P  <c  109^  28';  oP  : 
Poo  «  146'^  18  J'.  Observed  cnmbinatiou  30^2  .  oopac  .  P  .  oP .  ^ao  ,  j?«>  .  ^2. 
A^ce.  CieavAge  parallel  to  ooPvi ,  imperfect.  It  also  oecurs  reniform  and  massiTr, 
indistinctly  fibrous,  with  a  drusy  surface.  Hardness  ^  4  5  to  5.  Spedfic  graTity  » 
4  to  4 '4.  Lositre  adamantine  inclining  to  ritreous.  Colour  dark  men.  Streak  a  little 
lighter.    Transparent  to  subtmnHlacent.     Fracture  small  conchoitaal.     Brittle. 

Analtfua, — ^a.  From  Vimeberg  (H  ho  dins,  Ann.  Ch,  Pharm.  Ixii,  37), — A,  From  Ehl 
on  the  lUiine  (Bergemann,  Pogg.  Ann.dv.  190X — c.  From  Hintchberg  in  the  Voigt* 
land  (Enhn.  Ann.  Ch.  Phann.  zzxiT.  218) : 
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PO*     AtK>     Cu^O 

HK) 

a,    20-4        .     .      70-8 

84 

»       99-6 

b.     19-89       1-78    69-97 

8-21 

»       99-85 

0     20-87      .    .      71-73 

7-40 

-     100 

.^,4  .  4H*0  Beparates  ^radoally  from  an  ammoniacal  solution  of  cnpric  pjio- 


The formula  6Cu''O.P»0*.8H«0  requires  2111  P«0»,  7087  Cu'O  and  802  water. 

Thromboliteisan  amorphoua  miDenil  from  Retzbanya,  oonsifftine  approximately  of 
410  P'O*,  39-2  Cu'O,  and  16*8  water,  whence  it  ia  probably  6Cu'O.3PK>».10H«O  or 

Cu«I«O».2Cu''I«O«.10H*O.    (Plattner,  J.  pr.  Chem.  xv.  321.) 

y,  Cupric  Pyrophosphate,  Cu^POMPO  (at  100®),  prepared  by  precipitating  a 
cupric  salt  with  pyrophoepbate  of  sodium,  is  an  amorphous  greenish-white  powder, 
which  beromes  dark  blue  when  dried  at  100°,  and  assumes  a.  lights  blue  colour  on 
ignition.  It  dissolves  in  mineral  acids  and  ammonia,  and  likewbe  in  pyrophosphate 
of  sodium.  When  boiled  with  caustic  potash,  it  is  resolved  into  cupric  oxide  and 
orthophosphato  of  potassium.  Sulphurous  acid  dissolves  it  without  converting  it  into 
a  cuprous  salt,  and  the  solution  when  boiled  deposits  it  again  in  the  crystalline  state. 
It  gives  off  its  water  on  ignition. 

An     an¥momacal     euprio     pyrophoaphaU      3CQ<P*0^2(N*H*Cu'^''0.4HH>      m 

(P«b«)» 

phosphate  covered  with  a  layer  of  alcohol,  in  nodular  groups  of  ultramariiie-coloured 
crystals,  whidi  must  be  dried  over  a  mixture  of  sal-ammoniac  and  quick-lime,  to  prevent 
them  from  giving  off  ammonia. 

Vbospluite  of  BtdymtiiBa,  I$i'F0^.2HK),  8epanit<>e  slowly  from  a  mixture  of  the 
concentrated  solutions  of  nitrate  of  didymium  and  disodic  orthophosphato,  quickly  on 
diluting  the  liquid  or  on  boiling.  It  is  white,  pulverulent,  insoluble  in  water,  slightly 
soluble  in  dilute,  easily  in  concentrated  acids;  gives  off  its  water  at  a  heat  near  redness. 
(Marignac) 

When  a  solution  of  didymic  sulphate  is  mixed  with  an  equivalent  quantity  of  phos- 
phoric acid  (1  at.  FK)*  to  3  at.  Bi^OX  two-thirds  of  the  didymium  is  precipitated  in  the 
form  of  a  phosphate  which  in  the  diy  state  contains  3Di"0.2P'O.6HK>,  while  the  r«ntt 
vemains  dissolved  and  is  precipitated  by  ammonia  as  a  translucent  jelly,  which  dries  np 
te  translucent  rose-red  lumps  having  a  conehoidal  fracture.  (Hermann,  Jahresb.  1 86 1 , 
IK  176.) 

FluM^liatas  of  Olnciniun.  A  neutral  solution  of  nitrate  of  glucinum  forms  with 
disodic  orthophosphate  a  white,  amorphous,  pulverulent  precipitate,  which  when  dried 

over  chloride  of  calcium,  consists  of  diolueinie  orthophosphate  (3^*PK)*.6HK).  With 
pyrophosphate  of  sodium  a  white  pulverulent  precipitate  of  gludnic  pyrophosphate 

(l3p*0*.5H*0  is  obtained.  (Scheffer,  Ann.  Ch.  Pharm.  dz.  144 ;  Jahrcsb.  1859, 
p.  140.) 

nioapbatoa  of  Xron.— a  Ferric  Metavhosphate,  Fe*0*.3P*0*  or  Fe'T*0». 
Produced  by  evaporating  a  solution  of  ferric  chloride  with  excess  of  phosphoric  acid, 
and  heating  the  residue  to  316°.  The  white  powder  which  separates  is  insoluble  in  water 
and  in  dilute  adds ;  strong  sulphuric  acid  decomposes  it    (MaddrelL) 

jB.  Ferric  Orthophosphatea. — The  prpcipitates  formed  by  treating boluble  ferric 
salts  with  alkaline  phosphates,  vary  greatly  in  composition  according  to  the  nature  of 
the  solutions  used  and  the  proportions  in  which  they  are  mixed. 

formal  ferric  orthophosphate,  Fe*0'.P*0»  or  Fe'TO*  is  formed  on  adding  disodic 
orthophosphate  to  a  solution  of  ferric  chloride  or  sulphate,  made  as  neutral  as  possible, 
OP  mixed  with  a  considerable  quantity  ofan  alkalin«  acetate  (p.  644).  The  same  salt 
is  gradually  produced  when  a  solution  of  ferrous  sulphate  is  mixed  with  disodic  ortho- 
phosphate tiU  a  pemanent  precipitate  begins  to  form,  and  the  filtrate  is  exposed  to 
the  air. 

Ferric  phosphate  thiw  prepared  is  a  white  powder  insoluble  in  water,  neariy  insoluble 
ia  aoetic  acid,  slightly  soluble  in  water  containing  carbonic  acid.  It  dissolves  in  dilute 
mineral  acids,  and  is  predpitated  therefrx)m  by  alkalis  and  alkaline  carbonates,  and 
likewise  by  alkaline  acetates.  In  presence  of  excess  of  sodic  phosphate,  the  precipitate 
of  ferric  phosphate  is  dissolved  by  ammonia  and  by  carbonate  of  ammonium.  Ferric 
phosphate  ia  soluble  in  fiorria  chloride  and  sliefatly  also  in  ferric  acetate,  but  quite  in- 
soluble in  ferrous  aceUte.    Hence  when  a  solution  of  ferric  phosphate  in  an  acid  is 
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mtJifHl  with  forrie  chloride  and  ati  nlkiilinc'  iiretdt«,  a  small  portton  of  H  remniiii 
di«6olred;  but  if  the  f«mc  salt  he  first  ivduecd  to  ferrous  soli  by  ijulfihurous  acid,  and 
ibea  treated  vitb  ferric  chloride  and  alkoline  acetate.  Uie  whole  of  the  pho«phoric  acid 
in  proci^ttated  aa  farric  phoaphata:  tha  precipitatiou  is  much  accelerated  by  boiling, 

feme  phoaphate  alowlj  girea  up  ita  acid  to  aquoous  alkalis.  When  an  acid  boIu- 
tion  of  tha  aoit  i«  pre<!tpirat«d  bj  ammonia,  n  brown  baste  salt  i»  formed  contaiaiug 
*F«*0«.aP*0*.16H^0  or  Fe»0*,4Fij'*'POM6H*0.  By  boiling  with  potash-ky  a  etill 
IftTf^t^r  quantity  of  acid  ia  removed,  and  the  raaidne  contjuna  15  at.  Fe^O'  to  1  ut. 
r-U*  (liiimmeUberg),  probably  a  mixturo  of  the  normal  »itlt  with  ferric  oxide.  To 
^i»ov«  tJifr'  whole  of  the  phosphoric  acid,  the  aalt  muat  be  fuaed  with  an  alkali  or 
alkaline  carbonate. 

Ff^rrie  phoaphate  diaaolvea  also  with  facility  in  tartaric  acid,  citric  acid^  tartrate  of 
ammoiiiuTu,  citrate  of  aodiuoi  uiid  citnit«  of  ammonium.  The  lust  mentioD«*d  nolution 
when  npread  upon  glaaa,  driea  up  to  brown inb^green  scales  which  dissolvt^  in  cold 
water,  forming  a  aoltition  haTtng  lui  agreeable  aiillne  titste  ;  th^y  oontaio  44  per  cent, 
ferric  phusph^e^  Fc^TO*,  46  ^  cent,  citrate  of  ammonium,  and  10  per  cent,  water; 
thia  aalt  may  be  uaed  in  medictna*     (H  ey  de  n  r  a  i  c  h,  Chem.  Nf!ws,  ir.  1 68. ) 

Ferric  phoaphata  in  acid  ■otiition  la  complet^-ly  d«*c'ompoaed  by  addition  of  ammonia 
aod  lulphide  of  ammonium,  the  whole  of  the  iron  being  precipitated  aa  aulphidp,  and 
the  whole  of  the  phosp»horic  acid  remaining  in  solution* 

The  white  neutral  salt  ^res  off  its  water  at  a  red  beat  and  tnrns  brown.  On  char- 
coal before  the  blowpipe  it  ia  rednc^  to  an  ash -grey  bead  ;  under  flmes  it  is  reduced 
OdIj  At  TQij  high  temperattires.     When  strongly  tgnit«d  ov^  a  lamp  in  a  stream  of 

hydrogen  gaa,  it  h  reduced  to  ferrous  pyrophosphate,  Fe'P'O^  which  if  further  heated 
to  whit^navs  in  the  gis,  ia  completely  deoxidised  and  converted  into  a  phosphide  of 
iron,  Fe»P«.     (StruTe.  Jahrewb,  I860,  p,  76.) 

A  hofir frrrie pkotphaU  containing  2Fe'0*.P*0*  or  FeW.2Fe'"PO*,  oocore  in  nature 
tiombJoH)  with  Yariona  qnantitie?  of  water* 

Cacoxene,  2Fe'0»J^O*.l2H»0,  from  the  Hrbeck  mine  near  Zbirow  in  Bohemia^ 
forms  yellow  or  brownish  nidiat#>d  tnfia  becoming  brown  on  expotfure.  Hardnese  »  3  4* 
Specific  gmvity  —  8-38.  An  analyvia  b?  v.  Hauer(Jahrb.  J.  geol.  tteichfiauaf.  1864, 
p.  67),  gftTe  19  63  per  cent.  P«0*,  47^64  Fe*0",and  3273  wat<T.  the  farmuk  requiring 
20-94  P«0*,  47*20  FcH)*,  and  31*86  water ;  but  different  sp^oimeus  present  great 
dlTonitiee  of  compoaitioD,  arif^ing  from  alteration,  or  the  prettenee  of  foreign  ^ubataiMea« 

Dafrenita  orGreeu  iron  ore,  21VO*J^0^.5HK))  has  been  tdready  deaotibed 
(ii.  347). 

D  e  1  r  a  n  X  e  n  e  or  D  el  r  a  n  X  i  t  e  (ii.  340),  ia  an  iron  ore  of  variable  cornpoAttion,  som^ 
specimens  containing2Fe*CH*P^.18H*0,  others  ooutaining  the  sam^  with  2411^0,  whihs 
others  contain  lime,  and  according  to  t.  Hauer,  may  he  reprf!iaented  by  the  formula, 

Ci"F»U*.2(Fe*0'.Fc''TO*).24H*0. 

Carphosiderite  (from  the  mica  slato  of  Labrador)  taa  hydrated  ft^rric  phoephata 
oontaimng  smsll  q^nantities  of  manganese  and  doc,  but  it  has  sot  bcN^n  analysed  qnan* 
titatively.  It  occurs  in  atmw-y^Uow  reniform  maasea  and  iDcnistations,  having  a 
resinous  lustre  and  a  greasy  feel.  Hardness  =  4— 4'5.  Specific  grarity  s  2  49 — ^2*5. 
(Dana,iL  431.) 

B  o g  i  r o  n  o  r e  (lii.  338)  also  contains  variable  quantities  of  phosphoric  acid.  Many 
other  iron  ores  also  contain  small  quantitiM  of  that  ucid,  in  consequence  of  which,  pig 
iiiEm,  especially  that  prepared  by  the  hot  Mast,  generally  contains  small  quantities  of 
pbofiBboru&  In  majiy  strata,  ferric  pho«phate  occura  in  coniriderable  quantity 
together  with  phrvsphate  of  calcium*  In  some  of  the  lower  strota  of  the  chalk-forma- 
UoD  of  Sussex,  Herapath  found  as  much  aa  25  per  cent,  ferric  phosphate,  and  in  many 
coprolites,  horn  7  to  9  per  cent. 

A  kydro-ferrie  phosphate  or  neid  ferric  phosphate,  containing  Fe'^'P*0'.2H'0,  ia 
■aid  to  separate  from  a  solution  of  the  normal  salt  in  aqoeous  phosphoric  acid,  left  to 
itself  in  a  closed  veasei  in  transparent  cubic  crystals^  which  are  tasteless,  insoluble  to 
water,  but  soluble  with  brown-yellow  colour  in  ammonia  (Winckler). — According 

toL.  GmBUn{H4indbook,r.l2S\  the  salt,  F>H*I»0»16HK)  or  ^^^l  3P^M2H*0, 

is  precipitate  by  disodic  orthophosphate  6om  a  solution  of  ferric  chloride,  according 
to  the  eqimtion : 

2FeCl*     -♦■     SNa'HTO*       =       F?H'P*0'*     +     CNaH; 

but  acconliiig  to  mo*it  nuthoritles  the  prealpitate  thus  formed  conaista  of  normal  ferric 
orthophoaphafe,  FeTO*.  and  phfj^phurie  acid.  H*PO*,  remains  in  solution  (p.  662). 
AtHnumith/erne  pho^phdite, — Ferric  phosphate  dissolves  in  ammooia  in  presence  of 
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phosphate  of  sodiam,  forming  a  red-brown  solution  which  gires  off  ammonia  on  rrapo- 
ration. 

7.  Ferrous  Orthopkosphate.  3Fe'*O.PK)*.8H»0  «  F>P«0".8HK).— Thia  salt  is 
formed  as  a  white  crystalline  mass  when  a  plate  of  iron  is  left  immersed  for  a  long  time 
in  a  solution  of  phosphate  of  ammonium  in  an  open  vessel,  or  when  a  solution  of  disodie 
orihophosphate  is  decomposed  by  a  Tery  weak  Toltaic  current  with  a  plate  of  iron  for 
the  positrve  electrode  (Becquerel).  It  may  be  preptired  by  dissolving  metallic  iron 
in  phosphoric  acid,  or  by  boiling  ferrous  sulphate  with  disodie  orihophosphate,  both 
solutions  having  been  previously  de-aerated  by  boiling.  The  white  precipitate  most 
be  protected  firom  the  air  during  washing  and  drying.    If  the  solution  of  ferrous  siil- 

Shate  is  poured  into  the  phosphate  of  sodium,  the  precipitate  is  said  to  contain 
iferrous  orihophosphate,  FeHI'FK)*,  as  well  as  the  triferrous  salt. 
Triferrous  orthophosphate  is  white,  insoluble  in  pure  water,  slightly  soluble  in 
water  containing  carbonic  add  (in  1,000  pts.  of  water  containing  ra*:her  more  than  its 
own  volume  of  carbonic  anhydride :  P  i  e  r  r e).  It  dissolres  easily  m  dilute  mineral  adds 
and  in  660  pts.  water  containing  ^th  of  commercial  acetic  add ;  also  in  ammonia, 
forming  a  yellowish  solution  which  soon  becomes  turbid  by  oxidation  on  exposure  to 
the  air ;  and  in  1,666  pts.  water  containing  150  pts.  of  a  concentrated  solution  of 
acetate  of  ammonium.  The  predpitated  phosphate  dissolves  in  excess  of  the  soluble 
ferrous  salt.  It  melts  before  the  blowpipe  and  solidifies  to  a  crystalline  mass  on 
cooling ;  when  fused  with  sodic  carbonate  on  charcoal,  it  is  reduced  to  phosphide  of 
iron. 

When  predpitated  ferrous  phosphate  is  washed  with  water  containing  air  and  dried 
in  contact  with  the  air,  it  is  converted  by  oxidation  into  a  lavender-blue /erra<o-/<rrrfc 

phosphate  containing,  according  to  Rammelsberg,  2Fe«P20«.(^e«0«.2Fe'*PCM).16H«0. 

Triferrous  phosphate  occurs  native  as  vivianite  or  blue  iron  earth,  mora 
frequently,  however,  altered  by  oxidation  to  ferroso-ferric  phosphate.  This  mineral  forms 
monodinic  crystals  in  which  the  orthodiagonal,  dinodiagonal,  and  principal  axis  are  as 
1*3843:    1  :   1002.     Angle  of  inclined  axes  »  71°  25;   ooP  :    ooP  »   Ul^   12' 


earthy  structure;  also  incmsting.  Hardness  «  1*3 — 2.  Spedfic  gravity  »  2*661. 
lAStre  pearly  or  metallic-pearly  on  the  faces  [  odPoo  ],  vitreous  on  omer  facea.  Colour 
usually  blue  to  green,  deepening  on  exposure ;  in  perfectly  unaltered  sped  mens  colour- 
leas.  Streak  bluish-white,  soon  changing  to  indigo-blue;  dry  powder  liver-brown. 
TransDaient  or  translucent,  becoming  opaque  on  exposure.  Fracture  not  observable. 
Thin  laminsB  flexible.    Seclile. 

Analyses. — a.  From  Delaware;  colourless,  turning  green  on  exposure  (Fisher,  SilL 
Am.  J.  [21  ix.  84). — b,  e.  Crystallised,  altered  by  oxidation ;  b  from  Bodenmais ;  e  ftoai 
Hullica  Mill,  Oloucester  County,  New  Jersey  (Rammelsberg,  Mineralchemie,  p. 
826). — d.  From  Allentown,  Monmouth  County,  New  Jersey :  earthv(Earlbaum,  SiU. 
Am.  J.  [2]  xxiii  422).— €.  From  Kertsch  in  the  Crimea:  light  blue  (Struve,  J.  pr. 
Chem.  zc  236).—/.  From  Bargusin,  Lake  Baikal:  earthy;  dirty-blue  (Struve,  he. 
eit.).—€f.  From  Kertsch:  dark  brown,  crystalline;  spedfic  gravity,  272  (Struve, 
loo,  eit) : 

a.  b.  e.  d.  e.         /.'         a. 

Phosphoric  anhydride      .      27-17    2901     2860    29-66    2917     1979    2878 

^ '^'  .     .      11-60     11-91     18-46     2134     3311     3820 

44-10     3666     34-62     2762     2154     13  75       975 
27-96      .     .      2613     26-60     2760     2610     2412 

003      .     .        7-37 

0-10 


Feme  oxide 
Farroos  oxide 
Water     . 
Magnesia 
Silica       . 


99-32      .     .    101-16  101-36     9966  10012  10080 


a  agrees  nearly  with  the  formula  of  hydrated  triferrous  phosphate,  3FeO.PH)*  8H*0  or 
Fe^PH>«.8H«0  (calc  2829  P»0»,  4303  Fe*0,  2868  HK)) ;  6  and  c  with  that  of  a  ferroeo- 
fanric  phosphate  containing  6(8FeO.I«0*.8H*0)  + 3(Fe«0».2P*0».8H=0),  which  re- 
qmrea  2900  per  cent  P»0*,  1224  Fe»0*,  3306  FeO,  and  2670  water.  The  remaining 
analyses  may  be  represented  approximately  by  the  following  formuls : 

d.  3FeOJ«0»  +  Fe«0«.P«0*  +  12aq. 

e.  3(8FeO.P«0»)  +  4FoH)«.3P«0»  +  46aq. 
/.  3FeOJ»0»  +  2(8FeK)«.2P«0»)  +  S3aq. 
g.  2(3M'O.PK)*)  +  3Fe«0«  +  21aq. 
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rtali  of  Tiriiinite  have  been  found  iu  the  hollow  of  a  bone  li«}Qrigi»g  to  th<*  nke- 
Mon  of  A  miner  discovered  in  an  old  working  at  TaniowiU  (Hiiidi  uger,  J.  pr.  Chem. 
xliv.  81).  Schloiabergcr  (Ann,  Ch.  Pharm,  Ixii.  382)  tncntion*  that  some  iron  naiita 
Ibtitid  in  the  stomach  of  atn  oetnch,  imd  partly  envploped  in  black  animal  matter,  b»* 
Clime  coverfd,  aflfirMretiildAjt'  expoaore  to  toe  liir,  with  blue  apota,  apparently  anstng 
from  the  formatiioD  of  TiTianite. 

Ferrotu  phoaphat^  oecnrtt,  with  other  metallic  phosphatei,  in  M^eral  mitierala.  €  h  i  I  • 
d  r e n  it  e  (L  869 )  ia  a  phoephate  of  iron,  aluminium,  and  manganeae ;  tri  p  1  i t e  (p.  67 1 )» 
phosphite  of  iron  aad  manganoBe;  triphjlline  (p.  572),  a  phoaphate  of  iron,  man- 
g&neae,  and  lithium,  ^ 

A  compound  of  diferrvus  ortkophoMDkaU  with  niirovt  ortdf^  Fe*H^O*.N0,  is  ob- 
tained as  a  brown  preci pittite  on  aading  diaodic  orthophosphat«  to  a  solution  of 
«  fbrrouB  suit  saturated  with  nitric  oxide.  Wtieii  exposetl  to  the  air,  it  abaorbi  ijxygen 
•Bd  ia  converted  into  feme  phosphate  and  nitrate.     (Handw,  d.  Chom,  y'u  364,) 

Amm^mw-fvrfifH»  ortkapko^pkaie,  (NH^)*Fe*FO».2H»0,— Thia  salt,  oiialogom  in 
composition  to  ordinarjr  ammoDio-magoesian  phot^phnte  dried  at  100*^,  ia  fomifMi  by 
mixing  a  solution  of  14  pta.  of  iron  in  hot  hydrochloric  acid  with  a  small  portion  of 
feulphite  of  ammonium  ;  adding  to  it  while  hot  a  thoroughly  boQed  aqueous  tioltttion  of 
100  pts.  crystallised  ordinary  phosphate  of  sodium,  which  immedistelj  pivcipitatea 
whilt'  frrrous  phosphate;  then  adding  smmonia  in  slight  eicewi— immediately  closing 
the  fljunk,  which  mu^t  be  completely  filled  with  the  liquid — agitating — and  leaving  the 
mixture  to  itst^If  for  a  few  mtoutes,  till  the  pri>ctnitat«,  whioi  is  floocnlent  at  first,  is 
conrerted  into  laminae,  which  sink  rapidly  to  the  Irottom.  If  it  romains  flotx'ulent^  the 
liquid  must  be  heated  again,  perhaps  with  the  addition  of  a  small  quantity  of  ammonia  ; 
if  part  onl^  of  ilie  prncipitste  oecomes  crytitalline,  the  lighter  flakes  must  be  separated 
by  levigution  from  th»«  cry  stall  in  r  lamtnie.  The  lamins,  on  which  the  air  no  longer 
exert*  any  oxidii>ing  action,  are  then  thrown  upon  a  filter,  washed  with  thoroughly 
boiled  water,  tuid  dried.  No  ammonia  must  be  added  to  the  water,  because  it  im- 
mediftlrly  induces  oxid*ition,  so  that  hjdrated  fcrnc  oxide  remains  on  the  filter,  and 
the  water  runs  off  brown  ;  hence  alao,  in  jjrcparing  the  salt,  care  must  be  taken  not  to 
add  too  much  ammonia.  It  forms  greenish- white,  soft  laminap,  which  when  rubbed  on 
the  hand,  produce  a  coating  Wne  silrer  ;  they  are  permanent  in  the  air;  the  sidt  wheu 
heated  in  the  air  gives  off  water  and  ammonia,  and  I'^ives  firsts  greenish  ferrous  phos- 
phate, amounting  to  77  p*'r  cent.— then  yellowish-whJte  feme  phosphate.  With 
potaah-solution  it  erolTCS  ammonia^  and  when  boiled  therewith,  gives  up  its  pho«phorie 
acid  and  u  converted  into  f^troso-ferric  oxide  having  the  form  of  the  original  lamime. 
It  ta  insoluble  in  water,  even  at  the  boiling  heat  While  yet  moist  it  dissolves  readily 
in  acids,  even  when  dilute;  but  after  drying,  it  dissolvce  but  sparingly  aad  with  dilE- 
culty  even  in  concentrated  acids.     (Otto,  J,  pr,  Chem.  ii.  i09.) 

8.  Frrrie  Pyrnphotphat^^  2Fe*0«,3P*0*.9H«0  -  Fe*P*0*«. 9 U«0.— Obtained  by 
dissolving  sublimed  ferric  chloride  in  water,  and  precipitating  by  phosphate  of  sodinm  ; 
the  supernatant  liquid  is  ncutniL  It  is  a  nearly  white  powder,  having  a  slight 
yellowish  tinge,  which  deepns  at  J 00**,  and  becomes  lighter  again  after  ignition; 
dissolves  in  acids  and  in  phosphate  of  sodium,  likewise  iu  ammonia ;  in  the  latter  it 
forms  a  yellow  solution.  It  is  insoluble  in  hydrochloric  add,  snlphurous  acid,  an<l  mhI- 
amiuoniac.  On  dissolving  it  in  hydrochloric  add  withont  boiling,  and  prt^'ipitatini? 
by  aminouia,  the  precipitate  dissolves  complKely  in  exceas  of  ammonia.  Carbonate  of 
ammomum  dissolves  it^  forming  a  colourless  solution,  whereas  the  ordinary  phosphate 
forma  &  yellow  solution.  It  is  completely  decomposed  by  fusion  with  a  mixture  of  car- 
bonate of  aodium  and  carbonate  of  potAssium.  After  drying  at  100^,  it  loet  by  ignitioii 
17-66  per  cent  of  water,  and  the  ignited  salt  waa  found  to  contain  4l'7  Fe*0'  + 
08-3  P-C. 

Acid  ferric  chloride  precipitated  by  pyrophosphate  of  sodium,  yields,  not  f^piric  pyro* 
phosphate,  but  an  orthophosphafe  containing  1  atom  of  base  to  1  atom  of  acia;  in 
100  parte  :  61-66  FeM)*  +  48  34  P»0*.  This  salt,  when  boUed  with  otdinaty  phos- 
phata  of  sodium,  does  not  yield  pyrophosphate  of  soda,  as  b  the  caae  with  the  pre- 
coding.     (Sch  wars  en  berg,  Ann.  Ch.  Pharm.  Ixr.  163.) 

f.  Ffrrous  Pyropkogphaif^  Fe^P^O',  is  produced  by  strongly  igniting  normal 
ferric  orthophosphftte  in  a  stream  of  hydrogen.  If  further  heated  to  whiteness  in  the 
uamo  gas,  it  Bimem  further  redaction,  giving  off  phosphoretled  hydrogen,  pbosphorons 
H^'td,  and  phosphorus,  and  leaving  *  greyish- white,  metallic-shining,  non'magnetic 
phij^phide  of  iron,  having  nearly  the  composition  Fe*P*(Strnve,  Jahresb,  I860,  p,  76), 
Fi-rrouj*  pyrophosphate  is  likewise  obtained  by  treating  a  ferrous  salt  with  pyrophos- 
phate of  wodium,  as  a  white  amorphous  precipitate,  which  turns  green  and  brown  on 
p.jsure  to  the  air     (Schwarzenberg,) 
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Fbosptaate  of  &anfliaiiiiin. — A  solution  of  sulphate  of  lanthanain  mixed  with 
an  equivalent  quantity  of  phosphoric  acid,  yields  a  precipitate  of  an  acid  orthophos- 

phate  3La''0.2P*0*,  or  Lft«P=OM*»0»,  but  when  phosphoric  add  is  gradually  added  to 
a  warm  solution  of  the  lanthanum-salt,  a  white,  pulTenuent  precipitate  is  formed,  consist- 
ing of  the  normal  salt  lia^FK)*  (R.  Hermandi,  J.  pr.  Chem.  Ixzzii.  385).  Tb* 
Litter  occurs  together  with  phosphate  of  cerium  in  monazite,  oyptolite,  &c  (p.  66S). 

VHospluitM  of&eaO.    a.  Metaphosp  h  at e $.-^1.  JHmsUipkosphate,  Fb''0,2F*O^ 

B  PbT^O'*.  A  solution  of  sodic  dimetaphosphate  mixed  with  excess  of  lead-nitsrate  de- 
posits this  salt  after  a  while  in  tolerably  distinct  crystals ;  by  precipitation  with  the 
ammonium-salt,  it  is  obtained  at  once  as  an  amorphous  precipitate.  It  is  anhydrous, 
nearly  insoluble  in  water,  melts  without  intumescence  at  a  red  heat,  and  solidifies  to  a 
transparent  glass  on  cooling.     (Fleitmann.) 

Dimetaphosphate  of  lead  and  ammonium^  (NH*)'Pb'P'0'',  is  obtained  by  treating 
the  lead-salt  just  described  with  excess  of  dimetaphosphate  of  ammonium,  or  by  pre- 
cipitating nitrate  of  lead  with  excess  of  the  ammonium -salt.  It  forms  crystalline 
spangles  sparingly  soluble  in  water,  and  but  slowly  attacked  by  acids.  It  does  not  lose 
weight  at  150°,  and  gives  off  ammonia  only  on  prolonged  agitation.    (Fleitmann.) 

2.  Trinwtaphosphate,  3Pb'0.3F'0*.3H«0  op  Pb"P^".3HH).— Obtained  by  mixing 
a  moderately  concentrated  solution  of  sodic  trimetaphosphate  with  an  equivalent  quan- 
tity of  lead-nitrate ;  the  liquid  (to  be  filtered  if  turbid),  deposits  the  salt  on  standing, 
in  small  crystals,  which  are  very  slightly  soluble  in  water,  and  give  off  their  water  of 
crystallisation  with  intumescence  when  heated.  A  solution  of  the  sodium-salt  precipi- 
tated with  acetate  of  lead  yields  a  salt  containing  excess  of  base.  (Fleitmann  and 
Henneberg.) 

3.  Tetrametaphosphaie,  Pb*PH)'*. — ^When  protoxide  of  lead  is  heated  for  some  time 
with  excess  of  phosphoric  add,  a  salt  separates  which  redissolves  quickly  and  com- 
pletely in  the  excess  of  acid,  and  if  the  fVised  mass  is  allowed  to  cool  slowly,  separates 
in  large  transparent  prisms  enveloped  in  an  amorphous  vitreous  mass  containing  oxide 
of  lead.  This  mass  may  be  removed  by  prolonged  treatment  with  cold  water,  the  tetra- 
metaphosphate  of  lead  then  remaining  undissolved.  It  is  insoluble  in  water,  melts 
M'hen  heated,  and  forms  an  amorphous  vitreous  mass  on  rapid  cooling.  It  is  decom- 
posed by  sulphide  of  ammonium  and  monosulphide  of  sodium  even  in  the  cold,  yielding 
the  corresponding  salt  of  the  alkali-metaL  When  heated  with  dilute  acids,  it  it 
dissolved  and  decom posed  much  more  easily  tha n  the  dimetaphosphate.    (Fleitmann.) 

4.  Hexmetaphosphate  (?). — Nitrate  of  lead  mixed  with  metaphosphoric  acid  and  then 
with  ammonia  forms  a  bulky  precipitate  insoluble  in  excess  of  ammonia.  Ordinary 
metapbosphate  of  sodium  forms  with  acetate  of  lead  a  bulky  precipitate,  which  cakes 
together  when  agitated,  becomes  resinous  on  standing,  and  dissolves  in  excess  of  am- 
monia.    (H.  Bose.) 

jB.  Orthophosphatet, — An  acid  orthophosphate  of  lead  is  said  to  be  formed  wheo 
lead  is  dissolved  in  aqueous  phosphoric  acid  out  of  contact  with  the  air.  The  solution 
yields  on  evaporation  granular  crystals,  which  have  not  been  analysed. 

Diplumbic  orthophosphate,  ^^^^^  |  P»0»  -  ^b«H*PH)«.— Dilute  solutions  of  lead- 
nitrate  yield  with  alkaline  phosphates,  precipitates  which  are  mixtures  of  di-  and  tri 
plumbic  ortho^hosphates  in  varying  proportions.  To  obtain  the  diplumbie  salt  pure 
a  boiling  solution  of  lead-nitrate  is  precipitated  by  aqueous  phosphoric  acid.  The  pre- 
cipitate consists  of  dazzling  white  microscopic  crystalline  laminae ;  it  is  insoluble  in 
water  and  in  aqueous  phosphoric  add,  but  soluble  in  nitric  acid  and  in  potash.  By 
digestion  with  ammonia  it  is  converted  into  the  triplumbic  salt.  It  melts  before  the  blow- 
pipe, forming  a  clear  bead  which  exhibits  crystalline  facets  on  cooling  but  not  so  dis- 
tinctly as  the  triplumbic  salt  when  similarly  treated. 

THplumhic  phosphate,  Pb*P*0*,  is  obtained  as  a  white,  earthy,  amorphous  predpitate, 
by  decomposing  acetate  of  lead  with  disodic  orthophosphate,  the  lead-salt  being  kept 
in  excess,  or  by  the  action  of  ammonia  on  the  diplumbic  salt ;  and  in  rhombic  tablets 
by  heating  the  pyrophosphate  Pb*P*0'  with  water  in  a  sealed  tube  (Bey  no  so).  It 
is  insolubre  in  water,  moaerately  soluble  in  dilute  nitric  add,  nearly  insoluble  in  acetic 
add,  easily  soluble  in  potash-ley.  When  suspended  in  water,  it  is  decomposed  by  sul- 
j^unc  or  sulphydric  add.  It  melts  on  diarooal  before  the  blowpipe,  and  the  bead  on 
cooling  exhibits  shinmg  crystalline  facets. 

By  precipitating  solutions  of  nitrate  or  chloride  of  lead  with  phosphate  of  sodium, 
double  salts  are  often  formed  consisting  of  nitrate  or  chloride  of  lead,  combined  with 
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di-or  tri*plttnbie  pboiphat*,  'Vh^pkotpkato-nitratf,  Pl/P»0^PbN'0».2H*0,  ia 
d#«eribcd  oodef  Nitiutes  (p.  96). 

8Fb»P0*,PbCl*,  obtained  by  precipitating  chloride  of  leod  in  Tuious  wmys  with  di- 
lodie ortbophoKpbat^,  huve  bt^eo  already  described  SBchhropkaapkaiiMcileiA  (iii.  359). 

Pyromorpoite  or  Oreen  lead  ore  {Crrmnhttierf}  han  the  ocnnposition  of  the 
hist-meiitJoiit.'d  salt,  3PWPWJPbCl*,  the  phosphoruB  being,  hoWGv<»r,  cfttan  moro  or  lenn 
replaced  by  ameoie,  Thii  minenil  is  isomorphous  with  miineteaite,  ^r  arvemitO' 
riiloride  of  lead,  3Pb*A8*0'.PiiCl*  (in  which  also  the  arsenic  is  oft»?n  purtially  iwplaeed 
by  pho«phorus) ;  nko  trith  apatite  ;  and  a  rariety  is  known^  ejiUcd  hroum  had  ort^  cOtt- 
ai^tinjO;  of  pyromorithite  combined  with  fluor-apatite  \\,  349). 

Thn  crvi»tal«  of  p_jTotiiorphit«  are  hexagomtl  pn»nifl  exhibittni?  tho  satni?  <?om1>i- 
nattoQfl  as  loiroetesite  {iii,  1024).  Length  of  juriueipttl  axis  -=  07362*  Angle  P  :  P 
(terreinal)  •  142*  12';  (hit4>na)  ^  80°  44'.  Hardness  -  3*6 — i;  specific  gnivity  ** 
6  5S71  -  7*048,  Lustre  re«inoua.  Colour  gr^n,  yellow  and  brown  of  different  shHd«'«i. 
Str«ik  white,  bonietimes  y<  Uowish.  f^htr»nffp4y«nt  to  subtranslucent,  Fracturt»  sub- 
ooTKhoVilal,  uneven.  Briltie.  B*'fore  the  blowpipe  it  tneka  very  easily^  und  colours 
the  uttter  Hiime  blue^greeo ;  the  bead  aolidifies  like  that  of  pboepbata  of  lead  above 
df'»if'ri^»r(L     Sc^metimf^a  emits  arsenical  fumes, 

Anni«9fJi, — a.  From  Zachopau  in  Saxony :  green ;  specific  grari^  »  6'27 
(Woliler^  P^W*  Ann.  iv.  161), — k  Frrun  I^eadhills  in  Scotland:  orangt5-red(Wohl<'f, 
lor.cttX—e.  From  Mechemich  in  the  Eifel  (Bergemann,  Rammdfbrrg's  Mintrafek^mift 
p.  356). — d.  From  Kranaberg  in  Nassau :  crystallised;  light  gT*>'n  ;  sptcifie gravity  ■* 
71  iSandbcrger,  J.  pr.  Chem.  xlrii.  462). — e.  From  Enij*  in  NaaiBau  ;  yellow;  cryn- 
Ht,'«llts<*d  (Sandberger  ^.  cii.),—f.  From  Beri-^ow  in  Siberia:  crystals  accompanied 
by  rnnatlinite:  ipecific  grarity  —  6'715  (Strure,  Verh.  d,  mrn.  Ges.  fu.  Petersb, 
IH57)— <7.  From  Zschopan :  white;  crystaUised  (Wiihler, /«•,  cii.)—h.  From  the 
Altai  t  yellow  spherical  maRSOR ;  spflcific  gmvity  =  6*637  (Struve,  htc.  eit.).—i. 
From  Hosiers  near  Pontgibftod,  AnTcrgDe :  green  and  brownish ;  botryoidal ;  specific 
grsTily  =  6 '67  (Klaproth,  Bdtragey  iii,  X46;  t.  200); 

«.        A.  €.         rf.  t.  /,  *.  k.  I. 

rtilftfinn         .       ,        .        .        «-S7      rM      SM>      tm      l-W      rb4      J-56      1M      t»i* 

i>wt.oxy*  ....    arta  stt-^e  eosi   m^m  ai-ao  si^  ksha  um  tfrm 

VltMptioric  anbydrldi) 1^94    la^M    1&63    liVI7    l^^    um 

Arvenic  AnbTdrlde 3-W     S^l      SitS 

Walrr *       0*10     .    *       .    .       O^W 

The  variety  jr  bas  the  eoinpoaition  of  an  itomorphoiis  mixture  of  1  at  mimetesite 
ami  10  lit.  pyromorphito ;  i,  ©f  I  at.  mime  test  te  and  8  at  pyromorphite. 

TUv  following  Aiv  aimlyses  of  Brown  lead  ore:^— a.  From  th«  Sonnenwirbel  mine 
ni'iir  Friftberg:  Poly»ph<»rite;  brown  ephcnilesand  drop^:  spectfic  grarity  *»  6092 
(Kfir.sien,  Schw.  J.  lui.  1), — b.  From  Mies  in  Bohemia :  botjyoidal;  Bpccificgmvity  =» 
6  144  (Kcrsteii).-H?,  From  the  srime  locality :  cr^'stallised;  specific  grarity  =  6  983 
(Kersten). — d.  From  Bleisfadt  in  Bohemia:  ciyfitallised ;  specific  gravity  —  7*009 
(Keraten), — f.  From  the  same:  specific  cavity  «>  6*843  (Lerch,  Ann.  Clh  Phonn. 
jlI V,  32  8 ).— /  From  Engl&nd :  cj7BtalliBea  (Kersten): 

fl.  i.  c.  d.  e.  /. 

Chlorine  ...  2-62  2-76  230  2-66  247  2*60 
Lead-oxide  .  .  .  7217  76-83  8133  81*46  80  38  82*08 
Lime     ....        6-47      3-71       0*43       0-32      0-81       0*32 

Fe'O  0-88 
If  931  the  chlorine  be  supposed  to  be  combined  with  lea<i,  and  the  admixed  apatito 
to  be  a  pure  fiuor-apatite,  these  anolysea  may  be  include<l  under  the  foimula: 

fi(PbTI».3Pb'P*0')  +  (CaT*.3CV'P'0*), 

the  Talue  of  a  being  3  in  a,  6  in  b  and  48  in  c,  so  that  the  lost  is  nearly  pare  pyro- 
morphite^  as  are  aLw  d,  f,  and/* 

N  ussier  ite,  a  mineral  from  the  Kussi^  mine  near  Beaujeu,Dept,  of  the  Rhone,  con- 
taining, ««ooitling  to  Barruel  (J,  pr.  Chera.  x.  10 1,  7  66  Pb"Cl*,  46-60  PfO,  1230 
Ca'O,  2-44  Fe^O,  19-80  FO*,  400  AsK)*  ajid  7  20  mlica,  is  probably  an  impuro 
pyromorphite. 

7.  Fj^r«pkc8phate  of  Lead,  fh*FH}^JPO  {at  100*').— Predpitated  on  adding 
pyTopho«ph.ite  of  eo*lium  to  exeesa  of  nitrate  of  lead,  aa  a  bulky  white  powder,  iiwoluble 
in  water,  acetic  acid,  sulphurous  acid,  and  ammonia ;  soluble  in  nitric  add  and  in 
potash  (Sch  warssenberg).  If  the  pyrophosphate  of  sodium  is  added  in  slight  exeess, 
the  precipitate  contains  variable  quantities  <k  alkali ;  a  hiiger  excess  rediiolfcs  the 
precipitate. 
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VIUMivliatas  of  Utbinin.  Only  the  orthophospha^es  are  }aiowiL—M(molitkie 
orthopkosphate,  Li*H*PO\  is  obtained  by  mixing  one  of  the  two  following  salts  with 
phoephone  acid  and  evaporating ;  of  by  heating  acetate  of  lithium  with  excess  of 
phosphoric  acid,  in  which  case  it  separates  in  rather  large  erystals.  It  is  deliqaeecent 
and  very  soluble  in  water,  forming  an  add  solution  which  is  immediately  precipitated 
by  silver-salts,  but  not  by  chloride  of  barium  except  on  addition  of  ammonuk  It  dues 
not  give  off  any  water  at  100^ ;  but  at  200^  half  the  basic  water  is  evolved  and  the 
whole  at  a  red  heat,  the  residue  then  consisting  of  metaphoephate  of  lithium. 

JHlitkic  orthopho8phaU  has  not  been  obtained  pure,  but  a  salt  intermediate  between 
this  and  the  triljthic  salt,  viz.  Li»HPK)».H"0  or  Li*HPO*.Li»PO«.H«0,  is  formed  on  pre- 
cipitating chloride  of  lithium  with  orthophos^hate  of  ammonium,  as  a  ciystalline  powder, 
which  dissolves  in  200  pts.  of  water,  and  gives  off  half  its  water  of  crystallisation  at 
100^,  the  rest  at  a  higher  temperature. 

TViliihic  pkonhate,  2Li*P0^.HK),  is  produced  by  precipitating  a  neutral  acetate  of 
lithium  with  di-ammonic  orthophoepnate,  or  the  acid  acetate  with  phosphate  of 
ammonium  and  free  ammonia ;  also  b^  heating  carbonate  of  lithium  with  not  too  large 
a  quanti^  of  aqueous  phosphoric  acid.  It  is  a  white  crystalline  powder,  requiring 
833  pts.  of  water  at  12^  to  dissolve  it  It  gives  off  its  water  of  crystallisation  when 
heated,  but  does  not  fuse  at  a  red  heat« 

lAtku^aluminic j^hosphate,  Li*Al'*P*0'*.16H'0. -^Prepared by  precipitatinga  saturated 
solution  of  aluminic  phosphate  in  caustic  potash  with  chloride  of  lithium.  The  washed 
and  dried  precipitate  is  a  white  powder  insoluble  in  water,  easily  soluble  in  acids, 
and  giving  off  a  large  quantity  of  water  when  heated. 

Amblygonite(i.  164)  is  a  iithio-aluminic  phosphate  having  the  lithium  partly 
replaced  by  sodium,  and  containing  also  fluorides  of  aluminium,  litliiura,  and  sodium. 
Rammelsbeig  {Mineralcktmie,  p.  869),  represents  it  by  the  formula  (5M-0.3P*0*  -i- 
5Al«0«.8PH)*)   +   2(MF.A1F*),  where  M  denot^  lithium  and  sodium. 

Triphylline  is  a  phosphate  of  lithium,  aluminium,  iron  and  manganese  (see  p.  572). 

LitMo-ammonic  phosphate,  Li';NH*)PO^  separates  on  mixing  uqueous  phosphat«  of 
lithium  with  di-ammonic  orthophospbate  and  slowly  evaporating;  if  a  portion  of  the 
ammonia  has  been  lost  by  too  rapid  heating,  free  ammonia  must  be  added.  The  salt 
is  granulo-crystalline,  like  ordinary  ammonio-magnesian  phosphate ;  slightly  soluble  in 
water ;  melts  at  a  somewhat  high  temperature,  giving  off  water  and  ammonia,  and 
when  heated  before  the  blowpipe  is  coloured  blue,  not  red,  by  nitrate  of  cobalt. 

Lithio-calcie  phosphatr,  LiCa"PO*. — Obtained,  like  the  analogous  double  salts,  by 
igniting  1  at  pyrophosphate  of  calcium  with  1  at.  carbonate  of  lithium.  It  is  insoluble 
in  water.    (H.  Hose.) 

niospliatas  of  HAgaeatiiiiu— a.  Metaphosphatet,  I,  The  monomctaphos- 
^haU,  Sl^PK)*,  is  obtained  as  a  white  powder  by  dissolving  carbonate  of  magnesium 
in  aqueous  phosphoric  add,  evaporating  and  heating  the  residue  to  316^.  It  also  sepa- 
rates from  the  solution  of  impure  phosphoric  add  obtained  from  bones,  when  strongly 
concentrated.  It  is  insoluble  in  water  and  in  dilute  adds,  and  is  not  decomposed  dj 
digestion  with  alkaline  carbonates  or  phosphates.    (Maddrell.) 

The  dhnttaphoaphatf,  ^g«P<0".9H«0,  (or  lOHK)),  separates  gradually  from  a  con- 
centrated solution  of  the  corresponding  ammonium-salt  mixed  with  chloride  of  magne- 
sium, in  crystalline  crusts  which  adhere  to  the  sides  of  the  vessel ;  more  quickly  on 
addition  of  alcohol.  It  is  insoluble  in  water,  is  decomposed  by  adds,  gives  off  1  at 
water  at  100^  and  the  whole  without  fbsion  at  a  red  heat.  The  ignit^  salt  is  not 
decomposed  by  digestion  with  alkaline  carbonates.    (Floitmann.) 

Hexmctaphf  tphate, — Ordinary  phosphate  of  sodium  forms  apredpitate  with  acetate, 
but  not  with  sulphate  of  magnesium,  eyen  at  boiling  heat  The  predpitate  is  soft  and 
tenacious  (Graham).  A  solution  cf  sulphate  of  ma^ssium  mixed  with  not  too  laige 
a  quantity  of  sodicmetaphosphate,  forms  with  ammonia  a  precipitate  wUich  disbolvee  in 
sal-ammoniac.    (H.  Kose.) 

Amnwnio'magnesic  m.  taphosphate  (?) — When  metaphosphoric  add  is  dissolved  in 
ammonia  in  a  vessel  which  is  kept  cool,  and  sulphate  of  magnesium  is  added  in  such 
proportions  as  to  leave  the  ammonium-salt  ip  excess,  a  predpitate  is  fbnqed,  consisting 
of  feathery  flocks  which  unite  on  standing  into  a  soapy  mass,  drying  up  to  a  brittle 
transparent  mass.  This  salt  exhibits  the  characters  or  a  metimhosphate,  but  contains 
according  to  Waoh  (Sohw.  J,  lix.  297),  a  laiger  proportion  of  base,  being  represented 
by  the  formuU  4Mfif  0.(NH*)K).4PK)».16HK) ;  so  that  it  is  perhaps  a  nuxture  of 
netaphosphate  and  pyrophosphate. 

3.  Orthophoaphatea.—a,  Acid  salt  By  evaporating  a  solution  of  tri-magnene 
plioaphate  in  aqueous  phosphoric  add,  or  by  boiling  the  neutral  phosphate  with  water, 
»nd  evaporating  the  filtrate,  an  add  83rrup  is  obtained  which  ia  resolved  by  alcohol  intQ 
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the  tnnuigoeKk'  ftult  and  fret*  pbi«phonc  add.  When  a  cotic^ntrutfd  Holution  of 
TrjHjfj^tieffim  in  aqueouB  phosphoric  acid  is  mixed  with  alcohol,  an  oily  liquid  sepantcit 
which  coataiim  4  at.  magrnesia  to  3  af.  phos^honi!  aahydride,  and  nuy  be  reprMi^ntf^ 
by  the  fi>rmala  Mx'llPO'.Mg'HT-O*  ^  xH'O.  (Kiihii,  Aich.  Fhann.  [21  ibt. 
129.) 

DimoffneMk  salt,  Mg»H'F*0».l4H«0  or  Mg"KP0\7H«0.— PK)dttc«sd  by  precipitatiiig 
vulphiite  of  magnesium  with  excess  of  disodie  orthophoaphate.  When  2  pU.  KulphAt«  of 
niagfiesium  diMolved  iu  3*2  pu,  water  am  mixed  with  8  pta,  disodie  orthopho«phal«  dts- 
aolved  in  32  pt&  water,  the  salt  sepantea  in  tha  ooune  of  24  houtH  in  tufts  of  prisma 
or  tieedlea. 

Tha  cr^st*Ili*ed  salt  forms  small  six -aided  needles,  having  a  cooling  sweetish  tAMo, 
and  sparingly  soluble  in  water;  1  pL  of  the  Milt  dissok*-*  after  long  standing  in  322 
ptt.  Wttter;  the  clear  solution  becomes  turbid  when  heati>d,  from  f^eparadon  of  tri- 
amgatate  salt,  which  partly  redissolres  on  cooling,  and  oo  continued  boiling  a  laiger 

StumtiCy  of  the  latter  separatea,  while  the  liquid  iicqmrt'K  au  acid  reuctiun.  The  i^t 
i!«»(jlvea  easily  in  dilute  adds.  The  cryatala  efflort-jtoe  in  warm  air,  give  off  8  at, 
watfT  at  10^^,  the  remaining  six  at  170^,  and  the  basic  hydrogen  aa  w&ter  at  a  red  beat, 
leaving  pyrophosphate  of  magnesium. 

Trittta^faic  or  neutral  saii^  Mg'P'O*.  Formed  by  precipitating  sulphate  of  magne- 
sium with  triiodic  phosphate,  or  by  boiling  the  dimaguesic  salt  with  water.  It  retjiina 
6  at»  wat^r  at  1 00^  (H  a  m  m  e  1  s  b  e  r  g),  but  becomes  anhydrous  on  ign i  t ion.  According 
to  Volcker  (Rep.  Br.  Asiioc.  1862/ p.  169)  100  pt»,  of  wat^r  diitwilve  0  0205  pt.  of 
the  recently  precipitatedt  and  0  01  pt  of  the  ignited  £alt.  It  is  reiidily  iK^lnble  in 
uciils.  oven  after  exposure  to  a  white  heat. 

This  salt  is  of  fr^nsnl  occurrence  in  plants,  and  forms  a  considerable  proportion  of 
the  itah  of  the  seed  of  cereal  grasses^  especially  of  wheat.  It  i«  present  in  smaller 
quantity  in  the  bones  of  anima.1s,  snd  forma  the  chief  oonatituetit  of  many  animal 
concretions^  especially  of  bexoiar  stones. 

Wag  n  e  r  i  t  e,  a  rare  mineral  found  in  Teins  of  quartz,  traversing  clay-slate  in  the  volley 
of  Hdueugrul^en  neAr  Werfen  in  8ttltzburg,  is  a  phos^}hato-(luoride  of  magnesium,  re- 
presenti'd  by  the  formula  Mg*PO'.MgF'.  It  occurs  in  monoclinic  crystals  having  thp 
ortliodiagonal,  dinodiagonali  and  principal  «ixi«,  us  1*1-046  :  1  :  0*76664^  and  theangl<^ 
of  the  inclined  axes  =  7P  63'.  «P  :  ocP  -=  «fi°  26';  oP :  [Poe  ]  =^  144°  26'. 
Observed  faces,  »P,  +  P,  -  P,  -P2.  +|P.  aP2,  [P2],  and  othent.  Mo«t  of  thn 
prismatic  faces  are  deeply  striated.  ClesiVBce,  parallel  to  ocP  and  the  orthodiagonal, 
imperfect ;  parallel  to  oP  in  traces.  Hardness  =5  6  to  d-5.  Specific  gravity  of  u 
tranapan  nt  ery^al  ^  3  068  ;  of  an  opaque  crystal  »  2-985(Rammetsberg).  Tlie 
ctystida  are  yellow,  of  various  shades,  with  a  ritrroua  lustre ;  streak  white;  tmnshi- 
cent.  Fructure  un*v<"n  and  Bplintery  across  the  prism.  Before  the  biowpijM?  it  melta 
with  groat  difficulty  and  only  in  thin  splinters,  giving  off  gas-bubbles,  and  forming  n 
greenijth'grfy  glass;  when  moistened  with  sulphunc  add,  it  colours  the  flame  blne-gr»"»'n. 
With  fluxes  it  gires  a  faint  iron  reaction,  and  melta  with  carbonate  of  sodium,  elfer- 
vppring  but  not  disanlving. 

The  minej'al  has  been  analysed  by  Fueha  (Sdiw.  J.  xxxiil  269)  and  HaDiniebberg 
with  the  following  results : 
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The  formula  3Mg''0.P*0*.Mg'T*  requires  11*73  per  cent*  fluorine,  4383  phosphoric 
rinhydride.  37  04  magnesia,  and  7'41  mugne«(iom  (or  49'88  magnesia  in  all).  The 
lime  in  the  specimen  analysed  by  Rammelsberg  was  present  as  carbonate. 

Lazuli te  (iii.  477)  is  a  phosphate  of  magnee^ium,  iron  (ferrosum)^  and  aluminium, 

S.  Fkosvhatei  of  Magnfttium  and  Ammonium. — 1.  Ammonio-monommfrngu: 
ortkt?pkf*^pnaCe  (NH*)*iIg^'M'P*0'.3H*0  separates  in  needli^shaped  crystaUi  on  mixing 
warm  tma  not  Ujo  dilute  solutions  of  magnesic  sulphate  and  di>immontc  orthophospb^te, 
and  hearing  the  liquid  to  cool.  ^ 

2.  AituHonio-dimagnttic  Orikifjikoffphalr,  (NH*)»JIg'PK>M2}l'0.— This  suit,  I  he 
ordinary  ammonio- magnesic  phos|ih«te^  is  prnd«**ed  when  a  magnesium  salt  mixed  with 
sal  ammoniac  \s  mixed  wiih  nn  ulkniine  orthophoKphfile  and  frte  ummonia,  sepanilinfif 
immedialely  from  moder^tt^ly  strong  solutions  us  an  amorphous  prt'cipitatc^,  which  soon 
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becomes  heayy  and  cmtalline ;  from  dilute  solntiona  it  separates  after  some  time  only 
in  small  crystals  which  attach  themselves  to  the  sides  of  the  vessel,  especially  on  points 
presenting  any  roughness  or  inequality.  It  separates  in  this  manner  from  eztremelj 
oiluto  solutions,  thus  affording  a  very  delicate  test  either  for  magnesia  or  for  phos- 
phoric  acid  (iii.  7b2  ;  ir.  542).  The  best  mode  of  obtaining  it  in  distinct  ciystsls  is 
to  mix  600  pt8.  of  hot  water  with  4  pts.  of  strong  ammonia,  and  then  add  7  ptB. 
crystallised  phosphate  of  sodium,  2  pta^  sal-ammoniae,  and  4  nta.  sulphate  of  magne- 
sium ;  the  tiqmd,  wfaidi  is  oag^aaDy  alkaline^  becomes  neutral  after  the  separation  of 
the  crystals.    (Graham.) 

This  salt  is  a  frequent  constituent  of  urinary  calculi,  the  so-called  fusible  calculus 
consisting  almost  wholly  of  it :  it  is  also  found  in  intestinal  concretions,  especially  in 
graminiYorous  animals.  It  is  formed  in  the  putre&ction  of  urine,  and  is  precipitated 
therefrom  on  addition  of  ammonia  in  stellate  groups  of  microscopic  crystals ;  it  some- 
times separates  spontaneously  eren  from  acid  urine  in  three-sided  prisms.  Large 
crystals  of  it  hare  been  found  in  some  varieties  of  guano,  namely,  from  Patagonia  and 
from  Saldanha  Bay  on  the  coast  of  Africa^  and  in  an  old  dung-pit  at  Hamburg ;  this 
native  salt  is  called  StruviU  or  Guafdte, 

The  ciystab  are  trimetric,  having  the  axes  a:  b:  e  «-  0*5429  :  1  :  0*6233  ;  those  of 
native  struvite  are  six-sided  prisms  about  an  inch  long,  exhibiting  the  faces  ooFoo , 
oF3,  ^00 ,  {Poo ,  4Pao ,  oP,  and  hemimorphous  from  predominance  of  the  face 
!(Teschei        *  "       '" -     -.     .     ^ 


ooPoo  on  one  side  I 


,  546. — ^De  la  Provos- 


»maeher,  PhiL  Mag.  [3]  xxviii.  64 
tage,  Gompt  rend.  IviiL  442 ;  see  also  Dana,  iL  413).  They  have  a  specific  gravity 
of  1*65  —  1*7  ;  hardness  ■■  2 ;  a  vitreous  lustre;  are  transparent  and  often  colourpd 
yellowish  by  impurities.  The  artificial  salt  generally  forms  a  fine  crystalline  powder, 
or  colourless,  translucent,  four-sided  prisms. 

The  salt  is  tasteless  and  slightly  soluble  in  pure  water,  1  pt  of  it  dissolving  in 
15,300  pts.  of  cold  water  according  to  Fresenius;  in  13,500  pts.  according  to 
Bbermayer  (Compt  rend,  xxxvii,  350).  In  presence  of  sal-ammoniae  it  is  more 
soluble,  1  pt.  of  the  salt  dissolving  in  7550  pts.  of  a  liquid  containing  1  pt.  sal-am- 
moniac in  5  pts.  water  (Fresenius).  In  water  containing  free  ammonia,  on  the 
oontraiy,  it  is  less  soluble  than  in  pure  water,  1  pt  requiring  for  solution  44,000  pts. 
of  ammoniaeal  water  (Fresenius).  According  to  Ebermayer,  the  solubility 
diminishes  as  the  proportion  of  anmionia  in  the  water  increases ;  thus — 


Mixture  oonUiniof : 


Water. 


100  pts. 
100 
100 
100 


Aqueout  Ammonlaof  ffpedflc  gravity  0  961. 


100 
200 
300 


Pure  aqueous  Ammonia  of  specific  gravity  0*961. 


QoimtlUM  Twutrrd  todlMolve  1  p(. 
of  the  Anbjrdroos  Double  Salt. 


31,000  pto. 

43,000 

45,000 

52,000 

60,000 


The  addition  of  sal-ammoniac  renders  the  salt  more  soluble  also  in  water  containing 
free  ammonia;  phosphate  of  sodium  does  not  appear  to  diminish  the  solubility. 

The  double  salt  dissolves  easily  in  adds.  At  100^  it  gives  off*  10  at.  water  without 
loss  of  ammonia ;  at  a  stronger  heat  the  whole  of  the  water  and  ammonia  escape, 
tba  mass  exhibits  a  vivid  glow,  and  pyrophosphate  of  magnesium  remains  behind : 


(NH*)«Mg«PK)» 


Mg«PK)'   +  NH«  +  H«0. 


7.  Pyrophosphate  of  Magnesium,  Mg*PK)».8HK)  (at  100®).  This  salt  remaina 
in  the  anhvdrous  state  when  ammonio-dimagnesic  phosphate  is  ignited. 

The  hydrated  salt  is  obtained  by  precipitating  sulphate  of  magnesium  with  an 
alkaline  pyrophosphate.  The  precipitate  dissolves  in  excess  of  either  of  the  salte 
which  produce  it,  the  solutions  becoming  turbid  on  boiling  and  remaining  turbid  when 
cold.  The  precipitated  salt  is  white,  amorphous,  and  bakes  together  in  diying  like 
hydrate  of  aluminium.  It  may  be  rendered  oystalline  by  dissolving  it  in  sulphurous 
acid  and  boiling  the  solution.  It  is  very  slightly  soluble  in  water,  but  dissolves  easily 
in  nitric  or  hydrochloric  acid.    (Schwarsenberg.) 

Vlioapliates  of  Manyane— >  a.  Metafthosphaie,  MnTK)'. — Produced  by 
evaporating  a  manganous  salt  with  excess  of  pnosphoric  acid,  heating  the  residue  to 
816^,  in  the  same  manner  as  for  the  preparation  of  the  corresponding  cuprio  salt  (p.  560). 
It  is  reddish  wliite,  insoluble  in  water  and  dilute  acids ;  does  not  melt  at  a  red  heat ; 
if  scarcely  acted  iqwn  by  sulphide  of  sodium  or  ammonium,  even  with  aid  of  heat ; 
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but  u  decomposed  hy  digt^stion  with  ciirbottAt«  of  Kdiiim,  yielding  ditnrtaphospliAte  of 
sodium  ;  whfticc  KlvitniMtiii  rcgiirdN  thf  mangunouH  icult  aUo  us  diniclAphcKSpbttte. 

A  Bolution  of  mungnnousi  cbioridi!'  mixod  with  diinetAphosphatf  of  ammoikmin  md  a 
little  Aleobol,  d<*po«it»cf^'*titU  of  a  hydmt*^  Mdt,  Mn"l**0*.4ll*O,  which  i«  inaolable  in 
WAtor  fttid  dilute  t%cid»,  aod  girct  off  nlJ  iU  wat^r  on  ignition.  It  is  de^om posed 
by  hrtttiiig  with  sulphuric  acid  und  by  fiuiou  wiih  aDudine  citrboiuit^t.   (F 1  e  1 1  ni  itn  n.) 

0.  Ma n^ftnic  Orthopkoaphai e,^ — When  muganic  oxide  Of  finely  divided  pypo- 
loiiite  ii  mixed  with  aquaout  phoiphonc  add,  tbe  liquid  erapcnlvd  down,  aiid  tb«  dry 
fcaidut'  finally  heated  nmriy  to  fedneaB,  a  Tiol«t  flubitUjaca  ia  fonn<od»  whidi  ia  resolrsd 
by  water  into  a  dark  red  lolucionp  and  a  peacb-blomom-coloiiTed  inaolubte  powder, 
conaisting  of  Mn"0*,3PH)».lH*0  or  Mn"PK)».H*0 :  iherefora  a  mctaphosphate.  The 
red  acid  solution  yielda  by  emporation  light  brown-red  crystalB  of  variable  com* 
potition.    (Hermann*  Pogg.  Ann.  \xxiv.  303.) 

£obell  (J«  pr  Cbeni.  uxri.  416;  Jabrwb.  1859,  p.  656)  r^Tommends  ninnj^mc 
pboaphate  for  uae  in  Tolnmetno  anatyBis  in  place  of  permanganate  of  potassium,  as 
tMBing  motv  easily  obtained.  He  prepares  it  by  boiling  down  a  mixtura  of  finely  divided 
pyroluflite  and  aqueous  pboMpbonc  acid,  till  the  residue  becomes  syrupy  and  assumes  a 
deep  Tiolet^blne  ooloor;  if  not  too  strongly  heated,  it  diftscilres  completely  in  wat4sr,  and 
if  dilutad  with  six  limes  its  Tolome  of  water,  it  is  us  pennanent  as  a  solution  of  per* 
man^anate.  It  may  be  titrated  in  the  same  manner  as  the  latter  by  means  of  a  ferrous 
■alnUon, 

y,  M&nganotts  Orihopkospkatet. — MonomanganfUUi salt,  MiiTIT'0**2H*D. — 
A  solution  of  one  of  the  two  lowing  salts  in  aqueous  phosphoric  add  yields  this  salt 
on  eraporatioii  in  small  prismatic  easily  soluble  cry^itMbt,  which  give  off  half  their 
water  of  crystallisation  at  120®«  Alcohol  decomposes  tbcm,  abiitnictlng  pho^phorio 
acid  and  leaving  the  dimanganotts  salt. 

Tbs  dimamgnnoxtM  aa//,  ]£i*fl'P'0'.6H'0,  is  obtained  by  adding  disodic  orthophos- 
pbiite  to  a  solntioQ  of  m^ingnnous  sulphate  aeidolated  with  acetic,  hydrochloric,  or 
phfjifphoric  acid«  till  ttu*  pi>cipttAte  bc^ns  to  be  permanent ;  it  then  separates  on 
stiindiug  in  b:inl  graiialur  crystals  (Heicts)«  It  is  also  obt^ini^d  in  the  crrstalliiia 
form  by  jtrf^ipitatiog  a  tnangunouii  aalt  with  phosphate  of  sodinm,  mixing  naif  tlie 
lifjuid  with  free  acid  till  the  precipitate  dissolreSf  and  then  adding  tlie  other  baJf 
(B6  decker) ;  also  by  treating  the  trimanganous  salt  with  Ldlf  the  quauitity  of  phos- 
phoric acid  required  to  diseulre  it. 

The  trifmrnffomovs  »alt,  idT*0*-7B*0,  is  formed  by  pr^ipitating  a  nmtral  solutioa 
of  a  manganoos  aalt  with  disodic  ortbopho!rphato»  It  iii  a  white  amorphous  powder, 
whieii  diroulTes  sparingly  in  water,  easily  io  dilute  adds»  gives  off  4  at  water  at  100^^ 
the  ramaindcr  only  at  a  red  heat. 

Ammonio-mtinpanoui  pHfutphaie,  Mn*(WH*)T"0*.2HK>. — This  salt,  analogous  to  the 
ordinary  ammonio^magnesic  salt  dried  at  100^  (p.  570),  is  produced  by  tbe  action  of 
ammouia  on  recently  precipitated  (rimang^oiis  phosphate,  or  bv  precipitnting  ii  inan- 
ganous  Rjilt  wtth  phosphate  of  Bodiom  m  presence  of  an  aramonium  salt  and  fre« 
ammonia.  To  obtain  it  cryfttallised^  a  solntion  of  manganous  chloride  i«  precijntuted  in 
a  lUtitk  with  phosphate  of  sodium;  bydrochlonc  acid  is  then  abided  till  the  precipitate 
dismilves;  and  the  solution  is  heated  to  boiling,  and  then  mixc<^l  with  exces««  of  ammonia. 
TKr  predpitate,  whieh  is  amorphous  at  ftrBt^  ehanges  on  standing  for  some  time  in  tha 
dLwixl  vessel  into  silvery  lamina  nmially  having  a  reddish  colour.    (Otto.) 

The  salt  b  insoluble  in  water  and  in  alcohol^  easily  soluble  in  dilute  acids:  it  ii 
deoompoaod  by  boiling  with  cau^c  but  not  with  carbonated  alkalis, 

Ftrf^ifiMnanffanou*  Pko*phatf$, — 1.  Trip  lite,  a  mineral  fiiom  Limoges  in  France, 

ha8Uieeompo«jtion2^Tj^Q[j«0*  -  |2Si^(-(^^^"*)'^'*^'  It  occur*  in  imperfectly 
crystjilline  maasea,  exhibiting  three  unequal  cleavages  in  directions  at  right  anglers  to  ench 
other,  therefore  trimetric.  Hardness  —  5-6.  Specific  gravity  =  3-44— 3-8,  It  has 
m  bruwa  colour,  yeUowtab  grey  streak,  and  re«iDous  lustre  indiidng  to  adamantine, 
f^ubtnusaluceni  to  opiqiiiSi  Fractiirt  small  concboidaL  Contains,  according  to  BenEe- 
liiis  32  fil  per  cent  P*0*,  31*95  Fe^O,  32' 40  Mn'O  and  173  Ga'O;  the  form ular^uirt-s 
32-61  per  cent.  P'O*,  3417  Fe'O  and  3240  Mn"0. 

Heteroftite  (iii,  151)  and  HnreauHts  (liL  176)  are  hydrated  ferroso-man- 
giinous  phoephfttes. 

A  firroAo-mattffan»u$  ph&tfpkatO'JIuoride  called  Zwiei elite,  having  b  feet  the 
etim|Hj«ition  of  a  fluoniputite  iu  which  the  calcium  h  ri'pLiced  by  iron  and  manganese, 
i«  found  at  ZwiVsol  Ufiir  Bodenmais  in  lJnvann,  in  crystiillinfi  msftsu^,  supposed  to 
have  a  h^xugonal  HiTiti'ture  isomorphons  with  I  hat  of  apatite.  It  cleaves  distincfiy  b«t 
inipcrftctly  in  three  dirtirtions,      Hurdne&s  —  5.     Sppcitir  gravttv   —  3'97.      LuttW 


^l 
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gretsj.  Colour  clove-browD,  streak  greyish- white.  Fracture  uneven  or  imperfect  eon - 
choidal.  It  has  been  analysed  bv  Fuchs  (J.  pr.  Chem.  xTiii.  499)  and  Rammels- 
berg  {Mincralchemie,  p.  351),  with  the  following  results : — 

F       PK)»     Fe"0    Mn^O    SiO« 
318     35-60     41-56     2034     068       »       10136  (Fuohs). 
600    30-33     41-42    23-25  »       101       (Rammelsberg). 

J,  „Q/'J*»0*  +  ^  •[P  or 

Fe''.JMn")»PH)*.(|Fe''JMn''^,  which  requires  846  per  cent.  F,  31-60  PK)»,  42-73 
'e''0  and  20*77  Mn  0.  Fucns  erroneously  regarded  the  mineral  as  apatite  having  th« 
ciUcium  isomorphously  replaced  by  iron  and  manganese,  and  thence  called  it  iron- 
apatite, 

Lithio-ferroso-man^anout  Phosphates,^!,  Triphylline,from  Bodenmais  in  Bavaria, 
is  an  isomorphous  mixture  of  the  orthophosphates  of  iron,  maneanese,  and  lifiiiura.  It 
mostly  occurs  massive,  but  sometimes  m  tnmetric  crystals,  exhibiting  the  combinatioin 
ooP .  ooJ>2  .  oofoo  .  f 00  .  oP.  Ancle  ooP  :  ooP  «  93^° :  oP  :  f oo  »  138<>.  The 
Burfiaces  however  are  rather  dull,  and  the  angles  not  constants  Cleavage  parallel  to 
pP,  sometimes  perfect ,-  parallel  to  ooP  and  one  diagonal,  imperfect^  the  latter  least  so. 
Hardness  «  5.  Specinc  gravity  i*  3-6.  Subresinous,  wim  greenish  or  bluish-grcy 
colour,  and  greyish-white^  streax.  Translucent  in  thin  fragments.  It  decremtatea 
sU^^tly  when  heated,  giving  off  a  small  quantity  of  water,  and  acquiring  a  oafker 
colour.  Before  the  blowpipe  it  fuses  very  easily  to  a  shining,  daric  grey,  magnetic  bead, 
colouring  the  flame  bluish-green  and  sometimes  reddish ;  with  fluxes  it  gives  the  re- 
actions of  iron  and  manganese.  It  dissolves  readily  in  acids ;  is  imperfectly  decomposed 
by  caustic  potash. 

The  first  three  of  the  following  analyses  of  triphvlline  are  bv  Rammelsberg 
{^ineralchemie^  p.  823) ;  the  fourth  is  of  a  variety  called  tetranhylline  or  perowskiau, 
ttom  Tammela  in  Finland,  by  Berselius  and  Nordenskiold ;  it  diff^  from  the  Boden- 
mais mineral  in  exhibiting  on  the  freshly  broken  sur&oe  a  yellow  colour,  gndiiallj 
becoming  black. 

LPO  Na«0  K«0  Ca'O  Mg'O  SiO« 

7*28  1-45     0*58    ....     0-25  »  100-05 

6*84  2-51     0-35    058     1*97     .     .  »  9816 

7-69  0*74     004     076     239     0*40  »  100*05 

8-2 1*7      .     .  =  103-2* 

Rammelsberg    deduces   from  this    third    analysis    the   formula    {«^^[-P^* 

^  \M&^oC'^*^*^^^^^^  **'®^  P^  ^^^  ^^*»  ^^'^^  ^®"^'  ^•'^^  ^""^^  ^'^^  ^**^ 
and  2-53  magnesia.  The  first  two  analyses,  which  gave  larger  quantities  of  base,  he 
supposes  to  have  been  made  on  samples  which  had  perhaps  lost  some  of  their  acid  by 
weathering  or  were  mixed  with  smidl  quantities  of  triplite  (p.  572). 

The  foUowing  minerals  are  supposed  to  have  been  formed  from  triphylline  or 
triplite  by  assumption  of  water  and  oxidation,  the  triphylline  also  sometimes  losing 
its  alkalis^ 

1.  Black  crystals  from  Norwich,  Massachusetts,  closely  resembling  triphylline  in 
form  and  cleavage,  but  presenting  considerable  variation  in  their  angles  (for  the  mea- 
surements see  Dana,  Mnero^o^,  il  407).  Hardness  »  5*5.  Specific  gravity  »  2876. 
Streak  brownish-red.  Opaque.  Brittle.  Melts  easily  before  the  blocrpipe  with  intu- 
mescence to  a  black  mass.    Mean  of  two  analyses  by  Craw.  (Sill.  Am.  J.  [2]  xL  99). 

2.  Mluaudite,  from  Chanteloub  near  Limoges.  Brown,  cleaving  like  triplite.  Hard- 
ness above  4.  Spedfie  gravity  «-  3*168  Dusolves  in  hydrochloric  acid  with  evolution 
of  chlorine.    Analysis  by  Damour  (Ann.  Min.  [4]  xiiL  341). 

P«0»   P?Sto>  Bln«OS  MnO  C«0  N«»0  Ll»0  H«0  SIO« 
Nonrleh  CnrsUU    4»00    SG^    84  00     .    .     1  79    .    .     8-23    8-07    O-W     m      lOOiW 
Allawadlte  41 -8&    8S*€a      1*06    88*06    .    .     6  47    .    .     8*66    O-M      m       »n 

Rammelsberg  suggests  for  these  minerals  the  formula : 

(1)  (M*0.PH)»).(1^^.2P«0»)  +  aq. 

(2)  (M«OJPH)»).2(2fi  0»J»^0»)  +  4aq.; 
but  observes  that  it  is  very  doubtful  whether  they  ai«  homogeneoni. 

iitVP^  ^^^  ^  ^^  MuUjrsit  U  fuppoied  to  have  srifen  ttom  so  incomcC  dcUrmiaaUoD  of  lbs 


P»0* 

Fe-O 

MnO 

40-72 

89-97 

9-80 

40-82 

36-54 

905 

44-19 

38*21 

5-63 

42-6 

38-6 

121 
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(30  Ps^ndotriplite,  from  Bod<^Dmaia  in  BaTirU;  probably  formed  by  oxidatiou  of 
1riphy]tin«  ftiid  remor&l  of  Ui«  ilkalia  by  wat^r.  Slightly  AtUeked  by  nitric  acid.  Tho 
fir»t  of  the  fuUowiag  imiilytafl  it  bj  Fucbfl;  the  second  by  D  elf  fa  {EamuuUbery' » 
Mintrakkemit,  p.  832), 

PW    ft*0»  BliV>"  WQ   SiO* 

36-70     4817     894     6'30     1-40       -       99*51 

3.V71     6100     80a     4*52    071       =     100 

H^nce  may  b«  adduced  the  foraulaf^*jjJJJ,r.2P'0»  +  2  iq, 

(4.)  A  lutneral  from  Chaoteloilby  aumetiuiea  etdlod  Heterosite  (iii.  151).  Bluisb- 
riolet  Spedflc  gravity  -  3*41.  CoQt&maacoordlng  to  Bammelsbera,  32  28  p«rcf«iit, 
P'O*,  31-46  Fe-O",  80*01  Mn*0*  and  65  water,  whence  perhaps  it  is  constitut^^^d 
acc^o^ding  to  the  formula  5M*0**3P*O*  +  5  aq. 

i.MnuganouB Piftop hosp h a U,  Mti*P*0'.3H«O.  al  lOO°.— Obtained  by  preo^i'itA- 
tioti  aa  a  white  amorphoufl  powder,  which  by  solutioo  in  sulphnrooa  acid  and  boilmg, 
may  be  eonrcited  mto  nacreous  crystaLlino  Inmini^.  It  id  iiolubl^  in  aeida  and  in 
ammonia,  insoluble  in  exceae  of  the  maoganouB  ault.  but  easily  soluble  in  the  alkatinn 
pboaphate,  and  fh)m  thtB  solution  the  manganeie  ia  not  precipitated  by  snlpbiile  of 
ammommn  even  after  long  itanding. 

Vliospliatea  of  Merdtry*  a.  Meiaphogphatrs. — Mercuric  oxide  boated 
with  metAphodphuHe  acid,  yields  on  oix>liiig  a  aalt  which  crystalllsea  with  grent 
dtfBcohT, 

A  aolutioti  of  mercuric  nitrate,  mixed  with  ordinary  ritreonit  merapho«>phiito  of 
ft>dittffl,  yields  m  white  precipitate^  which  changes  on  agitation  to  a  tbick^  bejiv^-,  oily 


Herearoiu  nitrate  yields  in  like  manner  a  dfluse  white  precipitate*  which  bfComeH 
restiKMiflon  boUing,  and  diiisolrea  in  excess  of  aodic  met  a  phosphate. 

A  nerctirotks  metanhonihiite  cannot  be  pnxliiced  in  the  dry  way ;  fur  un  hfntiug 
mtrenxooB  oxide  witn  phoaphorie  aeid^  mcn'ury  volatilises  and  mercuric  melaphus' 
phaie  tetnaini  behind. 

0.  Orthophogphaies, — ^The  trimemtne  fait,  Hp*P*0*,  is  obtained  a^  a  heavy 
whitepowderby  precipitating  mercuric  nitrate  (not  the  chloride  )with  ordiniLry  phoephate 
of  aodiom  ;  a]»o  by  di^sting  mercuric  sulphate  with  a  eolation  of  the  alkaline  phofi' 
phate.  It  ia  insoluUe  tu  cold  wat<»rt  lolubie  io  aridB,  including  phosphoric  acid ;  also 
in  wiiter  nmntaining  ammonium-salts,  especially  the  chloridp,  6  pts  of  which  dissolved 
in  w&ter  ftflhet  the  dilution  of  1  pt.  of  mereurio  phosphrtte.  it  \n  decomposed  bj 
aqueous  alkalis  and  ulk^tline  carbonntee,  a  smaU  quantity  of  m«*rcuric  oxide  being 
Kometimes  dissolved.  Th(«  dry  salt  melts  when  heated  to  a  diirk  yellow  gUss,  wtiieti 
sulidifiea  to  an  opaque  muM  on  cooling,     {Handw.  d.  Chtm.  x\.  376.) 

Tfimercur^UM  FAospkaU,  HgTO*,  is  precipitated^  on  adding  phosphate  of  sodium  in 
«XceH  to  merenrous  nitrate,  as  &  white  powder,  mostly  amorphous^  but  sometimes  crj^* 
Imlliae;  soluble  in  excess  of  mcnnirous  nitrate;  insoluble  in  water  and  in  aqueous 
phosphoric  &cid;  resolved  by  boiling  with  water  into  mercuric  phosphate  and  metallic 
mercnnr ;  docomposed  in  like  manner  by  hydrochloric  acid.  Wnen  the  dry  anlt  is 
gently  heated  in  a  tnbe  metallic  mercuij  escapes,  and  mercuric  phosphate  remains  as 
a  residue,  yellow  while  hot.  white  after  cooling.     (Handw.^ 

Mm^eur&vs  FkotpkaUMiitraU,  Hg<PO*.HgKO*.H*0.— Obtained  by  adding  pboaphate 
of  sodtttm  to  CExeess  of  mercurous  nitrate,  as  a  yellow  crystj&Ilino  precipitate  which 
is  wot  decompoaed  by  washing  with  cold  water.  (Oerhardt*  Ain.  Ch.  Pharm. 
Ixii.  81.) 

7.  Pjt/rophotphatei. — 1.  Mtrcttfie  m»lis,  Hg*P*0'  (dried  st  100°).  A  solution  of 
mercuric  nitrate  forms  with  pyropho^>hate  of  sodium  a  white  precipitate  which 
becomes  yellowieh'red  on  farther  atld it  ion  of  the  alkali-ealt,  and  is  oooverted  by  an 
excess  of  the  latter  into  a  reddish-yellow  basic  compounds  It  is  insoluble  In  water, 
easily  soluble  in  acids,  insoluble  in  excess  of  sodic  pyrcmhosnhate^  c^uickly  decomposed 
by  potash  (Omolin).  Mercuric  chloride  is  not  immeaiately  precipitated  by  alkaline 
pyropliosphfltcfi,  but  after  Bom<v  time,  or  more  quickly  when  heated,  a  red  bslsic  salt  is 
precipitated.     {Handw,,  vl    398,) 

2.  Mf.rcurou^  Pyropkotpkatc,  Hg*FO'.HH)  (at  100^).— Mercupons  nitrate  forma 
with  pyrophoi^phiite  uf  sodium  a  white  ciystalline  precipitate,  insoluble  in  water, 
soluble  when  rect^ntly  precipitated  in  excess  of  the  alkaline  pyruphospbute,  the  solution 
depositing  n  black  powder  when  boiled.    The  edt  dried  at  lOO^  is  blackened  by  solu- 
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tion  of  sodie  pyrophosphate,  but  not  dissolred.  Hie  salt  whto  ignited  leaves  • 
residue  of  mezcuric  raetaphosphate.     (S  c  h  w  a  rs  e  n  b  e  r g.) 

Vlioapliataa  of  Molybdenaiii.  A  solution-  of  molybdic  chloride  yields  with 
orthophosphate  of  ammonium,  a  light  red  flocculent  precipitate,  but  the  precipitation  is 
not  complete.  A  filtered  solution  of  molybdic  dioxide  in  aqueous  phosphoric  acid 
leaves,  on  evaporation,  a  red  viscid  mass  consisting  of  an  ada  salt,  soluble  with  red 
colour  in  ammonia ;  but  the  solution  soon  becomes  turbid,  and  deposits  the  greater  part 
of  the  salt;  it  becomes  colourless  on  exposum  to  the  air. 

A  solution  of  molybdous  chloride  forms,  with  disodic  orthophosphate,  a  dark  grey 
precipitate,  soluble  in  excess  of  the  molybdous  chloride.  A  solution  of  molybdons 
hydrate  in  phosphoric  acid  yields,  by  spontaneous  evaporation,  a  dark  purple  deliques- 
cent mass,  the  ammoniacal  solution  c^  which  is  dark  brown  by  transmitted,  black 
and  opaoue  by  reflected  light 

Pkosphomolyhdie  acid  h^  already  been  described  (iii  1087).  The  yellow  phospho- 
roolybdate  of  ammonium,  precipitated  on  adding;  a  small  quantity  of  a  soluble  ortho- 
phosphate to  a  solution  of  molybdate  of  ammoniuai  mixed  with  nitric  or  hydroeblorie 
acid,  contains,  according  to  various  authorities,  from  3-14  to  3*82  per  cenL  P'O*; 
and  91*28  to  9270  per  cent.  MoO*.  Zencker  (Jahresb.  1853,  p.  356)  assigns  to  it 
the  formula  (NH*)«0.6(HH).MoO«)  +  2(NH*)H*P0*.  By  mixing  a  syrupy  solution  of 
molybdic  trioxide  in  hydrochloric  add  with  a  small  quantity  of  phosphoric  add,  and 
saturating  with  potash,  a  mass  of  crystalline  scales  is  obtained,  consistingof  a  potas^ 
sium-salt,  having,  according  to  Zencker,  the  composition  3(EH>.MoO*).2KH'P0^9HH) 
(see  iiL  1037  and  iv.  646). 

MuwykatMoriviakeL  a.  ilfe<aoA0S|?Aa/0;Ni'TH)«.^Obtained  byersporafing 
a  solution  of  nickel-sulphate  in  phosphoric  add  and  heating  the  residue  to  316^.  It 
is  a  greenish-yellow  powder,  insoluble  in  water  and  in  dilute  adds,  and  not  deoompoeed 
by  aqueous  alkaline  carbonates  or  sulphides  even  at  the  boiling  heat,  but  decomposed 
by  heating  with  strong  sulphuric  add  or  by  fusion  with  carbonate  of  sodinm. 
(Maddrell.) 

/S.  Orthophosphate,  Ni'P»0*.7H*0.— Liffht  peen  precipitate  insoluble  in  water, 
soluble  in  excess  of  the  nickel-salt^  easily  soluble  in  acicb;  gives  off  water  and  turns 
yellow  when  heated. 

The  recently  predpitated  salt  dissolves  in  aqueous  ammonia,  and  on  boiling  the 
solution,  or  mixing  it  with  alcohol,  an  ammoni-o-nickel  phosphate  iadepodted  in 
light  blue-green  or  apple-green  floeks.  If  the  alcohol  be  carefully  poured  on  the 
solution  so  as  to  form  a  layer  on  the  sui&oe,  the  doable  salt  is  gradually  deposited  in 
green  oystalline  grainsL 

y.  Pyrophosphate,  n1*PK)'.6IP0  (at  10(P\  is  obtained  by  pivcipitatioB  as  a 
light  green  powder,  insoluble  in  water,  easily  soluble  in  adds,  and  sepcnting  in  the 
crystalline  state  from  the  solution  in  sulphurous  add  :  it  dissolves  in  ammonia  and  in 
excess  of  alkaline  pyrophosphate,  and  the  nickel  is  predpitated  therefrom  by  sulphide  of 
ammonium. 

If  the  nidul-salt  contains  cobalty  the  cobalt-pvrophosphate  is  deposited  from  the 
solution  in  sulphurous  acid  on  boiling,  before  the  nickel-salt,  and  on  mixing  tiw 
ammoniacal  solution  ^-ifh  alcohol,  the  cobalt-salt  is  predpitated  alone. 

Phosplwte  of  Osininm.  An  osmious  phosphate  is  produced  by  burning 
phosphide  of  osmium  in  contact  with  air,  or  dissolving  osmious  hydrate  m  aqueous 
phosphoric  add.  It  forms  a  dark  blue-green  mass  nearly  insoluble  in  ccdd  water,  bat 
soluble  with  green  colour  in  nitric  acid. 

PIkoapliate  of  Valladtaiii.  When  aqueoua  phosphoric  add  is  boiled  in  contact 
with  palladium,  part  of  the  metal  dissolves,  and  phospnorous  add  is  likewise  formed, 
which  reduces  a  portion  of  the  dissolved  palladions  oxide,  so  that  as  the  liquid  oools  a 
film  of  metallic  palladium  forms  on  it&  surface. 

Palladions  nitrate  yields  a  light  yellow  precipitate  with  alkaline  oithoplftosphatea. 

Mioopbaiteo  of  Totmamtnok  a.  Metaphosphates. — ^Monopotaesie  ortho- 
^osphate  heated  nearly  to  redness  is  converted,  without  melting,  into  the  metapfaosphate 
HPO*,  which  vaeltM  at  a  higher  temperature  without  farther  alteration  (G-r  a  h  a  m).  The 
same  salt  is  obteined  by  evaporating  2  pts.  potassic  chlorate  with  1  pt.  of  syrupy 
phosphoric  add,  strongly  igniting  the  residue,  and  treating  it  with  wator :  the  meta- 
phoephate  then  remains  as  a  white  powder  (Maddrell).  It  is  nearly  insoluble  in 
water,  but  is  dissolved  by  adds  either  concentrated  or  dilute.  Its  solution  in  acetic 
add  gives  precipitates  with  chloride  of  barium,  acetate  of  lead,  and  nitrate  of  diver. 

The  dimetttpho^fhai^,  K*PK)«.HK),  is  prepared  hj  digesting  anhydrous  cupric  di- 
■M^ophospbate  with  a  solution  of  monoeulphide  of  potassium  coataininff  but  little 
■nlphydnute,  and  heating  th«  liqoid  tatha  boiling  pdnt    On  adding  a  Uttto  alcohol  to 
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tW  flUnit<>,1he<liaietit^bo9plmt«  ^ctpamtes  m  tbo  form  of  tt  coneefilmt^'J  solution,  wbteli 
HiM'*  not  (TyHliLliAe  Lxtiupletelj  till  after  aofn«  tirne.  The  Diih  is  iulubit?  in  1'2  pu»>  of 
Wftiar  either  hat  or  ootd  ;  th«  aolatioa  bus  a  b&line,  ■om^^whiit  bitter  taete.  At  10iJ<^  it 
gtVM  off  all  ItM  Wdt^r  witbout  anj  molefultir  alteration  of  the  rei<ki,du&l  salt,  but  at  a  lovr 
r«d  bent  if  i*  '^nnvert^nl  into  monoinefaphonpbi»ti%  wbidi  meltj*  hi  as  incipient  whiUi 
hestt,  ill  -  in  tbo  erystalliue  form  on  rapid  tM^jling,     (Fleitmana.) 

Mr.',  of  Potassium  and  Aifi»*oHtum. — Wbt^u   I  at,  dim^tapboiipbate  of 

pc>t;iN<siutii  »L>ii  I  At«  of  die  correspoudiug  amiooaium-»ilt  are  mixed  and  etrniiomt*^, 
lh*»  BJtlt  K*(Ntl*)F'*<V*,2H*0  cryitalliB**  out  lirat ;  afterwards  a  nalt  eontdining  mor« 
uoimouia,  viz.  K\NH*)*.i:*'0^,  which,  if  tborougbly  purifled,  would  probuhlj  exhibit 
the  composttion  K(NHYP*0'*.  The  flrit  gait  oontaina  the  sanM  proportion  of  cry- 
■italUsatii»a  water  as  diiiietapbofiphat«  of  potaMium*  and  givea  it  all  off  at  LdO^. 
(FLeitniano,) 

fi.  Ortkophosphatfg. — Tbe  mon<>poitu$ia  Of  di-aeid  m/t,  KH*PO^  i»  obtained  br 
mizing  potan^ie  hjrdrate  or  carbonate,  or  oitlMr  of  tbe  two  following  jMiits,  with 
auffiisieDt  Aqueous  phu^phorie  acid  to  produca  a  aliftht  neid  reaction.  On  evapontinff 
tha  aolnt3on«  the  salt  ifl  depoatted  in  larpf;e  regular  dimetnc  cryiitala,  baring  u  pure  acid 
taste*  eaiiily  aoluble  in  wal«r,  bat  insoluble  in  alcohol.  It  undergoes  no  Mlteration  at 
300^,  bat  at  a  low  red  beat  it  gives  ojf  its  water^  and  ia  oonTerted  into  nieta> 
pbocpbate. 

The  dipoi^Btk  or  mano-atid  mUi^  K*HPO*»  ia  produced  bj  mixing  aqueoua  plioc* 
pbofie  ac»d  wtUi  a  tufficieot  quantity  of  alkali  or  aUuiline  carl^ouiite  to  produce  a  eligltt 
alkaline  reaction,  and  eraporating.  It  nyst allisei,  iu?cording  to  Berzeljufi,  in  irregular 
forms ;  according  to  Orubam  it  is  ancrystallisable.  It  is  easily  soluble  in  water,  in- 
itnlnhle  in  aleobol,  and  ia  converted  into  pyropbosphjito  by  igniticn* 

The  tripotasstiC  or  ntutral  salt,  K*P0*|  is  prtpand  by  igniting  phoflphoric  acid  or 
rii  htT  of  the  preceding  salta  with  the  ra(|nisite  quantity  of  potaaaic  hydrate  or  earUmale. 
Hy  Mil n Lion  and  eraporation  it  may  be  crrstaUiaed  in  needlea  which  are  very  sohible  in 
Walter,  but  not  dtfliqueseeot.  The  dry  salt  i^  permnnent  in  the  air ;  tbe  w>luLian  ab- 
sorlis  earbonie add  (^Graham).  When  strongly  hi'Ate<l  it  mpUa  to  an  enAmeMike  maaa. 

Biiri/to-potoMic  pho*phaU.^-^j  igniting  I  at.  b**rytic  pyropliofiphate,  Ba'l^O*,  witli  1 
et,  potimsic  carbonate,  a  mass  is  obtained  which,  when  wahh'Hl  witJi  water,  yit^lds  a 
f^ilntmn  containing  potash  and  phoepboric  acid*  whilf*  the  residue  contains  the  salt 
Bsi*KPO*,  together  with  a  large  quantity  of  tribarytic  phosphate, 

Cftieio^tassic  pkosphaU^  Ca  KPO*,  is  formed  by  ifcniting  together  equiYalent 
quantities  of  potasaic  earbomite  and  dicalcic  pbospbaie*    (H«  Kose,) 

Mni^rus^o-ftfttttssic  pkosphuie,  Mg'^FO\  obtained  in  like  manner^  ia  iparinglj 
Kolubli*  in  water,  and  may  be  completely  washed  with  dilute  aqueoua  ammonia. 
(H.  Rose.) 

7.  Pffropho9phateB  of  P&tasgium, — The  dipoiassic  or  arid  saft,  K'H'P'O', 
18  ppeptr*'d  by  dij(so1ring  the  ncurral  salt  in  acetic  aci4  and  adding  alcohol ;  it  then 
aeperMte<i  as  a  »jrup,  which  must  be  washed  seTeral  tinieg  with  alcohol  to  remove 
the  potaaaic  acetate,  and  then  dried  orer  oil  of  TitrioL  It  is  white,  and  very 
deHqueacent.  The  aqueoua  aolntios  is  acid,  and  ia  not  decomposed  by  boiling. 
(Schwaraenberg.) 

The  tttrapoiastic  or  nfUtrai  talt^  E*P*0',  i*  formed  by  the  ignition  of  dipotassic 
orthophoaphale ;  bnt  the  residae  when  disaolred  in  water  takes  up  basic  water,  and  ia 
reeonrerted  into  orthophoapbate.  The  neotral  pyrophosphate  may,  bowsTer,  ha 
obtained  in  a  permanent  state  by  treating  an  alcoholic  solution  of  potash  with  a  flight 
excess  of  ordinary  phosphoric  add,  and  aiterwards  addling  alcohol  till  the  liquid 
becomes  milky ;  in  tbe  ccmrae  of  24  hours  a  dense  acid  syrup  aep&ratea,  wliich  is  » 
mixture  of  the  dj-  and  tetra-potaaaie  orthopbosphatee.  The  syrupy  mixture  is  then 
evaporated  to  dryness  in  a  platinum  dish  and  ignited,  whereby  a  mixture  is  obtained 
eoDsisttng  of  pjTopbosphate  and  metaphosphate  of  potasaium,  which  can  readily  be 
separated,  in  eunsequence  of  the  insolubility  of  tlie  latter  salt  in  water.  PyTupboapbato 
of  potassium,  after  ignition,  forms  a  white  fused  mass,  which  deliquescea  veir  rapidly 
in  tbe  air;  its  aqueous  solufion  has  an  alkaline  reaction,  abd  may  be  boiIe<l  without 
b«-ing  converted  into  orthophosphnte,  Thia  change  takes  place,  bowerer,  when  the 
solution  of  the  salt  is  boiled  with  caustic  {jotash.  When  a  Hyrapy  solution  of  pyro- 
phoephate  of  potu^s^ium  is  crapomtt^d  orcr  oil  of  vitriol,  it  solidifiefi  to  a  brilliant  white 
masa  consisling  of  K''P*0'.3H-0.  One  tittim  of  wat*'r  is  driven  oflF  Wlow  100^  but 
the  salt  ia  rendered  anhydrous  only  at  a  ti^mprnitnreof  300°.     fScb  warzenb^rg.) 

Ammoniit'poiasne  p^rophotphaU\  2K'(NH*)HPK>Ml'0. — This  *alt  remains  when 
moQopotasHic  p)Tophot*p!iate  is  saturated  vrith  amnion ia»  and  the  concentrated  solution 
i§  evaporated  over  a  mixture  of  quicklime  and  sal-ammomac.  It  is  white,  deliqneacenti 
and  Teiy  eduble  in  water,  formitig  an  alkaline  solution,  which  dcoompoaea  od  boiling. 
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with  evolatioD  of  ammonia,  ultimately  leaving  nothing  but  monopotassiepTTophosphate. 
(Schwarsenberg.) 

Chromico-potaagic  pyr&pho9phaU. — Chromic  pjTophosphate  dissoWea  in  excess  of 
potasaie  pyrophosphate,  forming  a  green  solution  which  is  not  precipitated  by  snlphydric 
acid  or  sulphide  of  ammonium. 

Cuprico-potasne  pyrophosphatej  Cu*X*P*0*.H'0  (Persoz).— Cnpric  pyrophosphate 
dissolves  in  excess  of  the  potassic  salt,  but  the  resoltinff  double  siilt  has  not  been 
obtained  in  the  solid  state,  the  solution  when  evaporated  depositing  cuprie  pyrophos- 
phate. Persoz  has,  however,  determined  the  composition  of  the  dissolved  salt  hj 
mixing  a  titrated  solution  of  eupric  nitrate  with  a  titrated  solution  of  potassic  pyro- 
phosphate till  the  precipitate  which  is  formed  at  first  redissolves. 

A  piece  ofiron  immersed  in  the  aqueoOB  solution  of  the  double  salt  becomes  oovered 
in  a  few  days  with  microscopic  crystals  of  metallic  copper ;  in  like  manner  sine  pre- 
cipitates the  copper  from  this  solution,  but  slowly  and  imperfectly. 

Pliosphate  of  Xlio4iaiii«  Rhodie  oxide,  mixed  with  phosphoric  add  and  heated 
to  redness,  yields  a  brown  mass,  from  which  water  removes  the  excess  of  add,  but  at  the 
same  time  takes  up  a  portion  of  the  salt,  acquiring  thereby  a  dark  brown  colour, 
changing  to  light  yellow  on  dilution. 

Vliospliatmi  of  SUvor.  a.  Me taphoaphate 9. — The  dimetaphosphate,  AafPH)^, 
is  obtained  by  precipitating  nitrate  of  silver  with  the  corresponding  sodium-saS^  as  a 
crystalline  powder,  or  in  small  distinct  crystals,  aooordinff  to  tne  degree  of  concentration 
of  the  solution  used.  It  is  slightly  soluble  in  water,  and  melts  when  heated  to  a  trans- 
parent glass,  which  is  insoluble  in  water. 

The  trimetapkoaphatet  Ag'P'O'.H'O,  separates  graduaUv  from  a  moderately  con- 
centrated mixture  of  silver  nitrate  with  sooic  trimetaphosphate,  in  crystals  apparently 
monodinic,  soluble  in  60  pts.  of  cold  water,  and  separating  unaltered  on  evaporating 
the  solution  acidulated  widi  nitric  acid.  It  gives  off  its  water  at  100^  (not  over  oil  of 
vitriol  at  ordinary  temperatures),  and  when  about  half  the  water  has  gone  off  (about 
1|  per  cent)  the  remaining  salt  is  soft,  has  an  add  reaction,  and  perhaps  consists  of 
bexmetaphosphate. 

The  tnmetaphosphate  has  a  great  tendency  to  form  double  salts,  so  that  the  crystals 
obtained  as  above  adways  contain  a  certain  (quantity  of  sodium-salt,  unless  a  laige  ox- 
eess  of  silver-nitrate  has  been  used  in  prepanns  them. 

Hexmetaphoaphate,  Ag*PK)",  separates  in  snining  cr^tals  when  oxide  of  silver  is 
melted  wi£h  excess  of  phosphoric  add  and  the  mass  is  left  to  cool  slowly.  Formed 
also  by  precipitating  a  solution  of  recently  ignited  metaphosphoric  add  in  ice-cold 
water  with  nitrate  of  silver.  It  is  white,  insoluble  in  water,  becomes  soft  and  semi- 
fluid at  102^,  and  melts  to  a  transparent  glass  at  a  higher  temperature.  It  is  decom- 
posed by  sulphide  of  sodium,  yielding  Gh'aham's  deliquescent  metaphosphate  of 
sodium.  By  prolonged  boiling  with  water,  it  gives  up  part  of  its  acid,  ana  is  oon- 
vertod  into  a  ropy  mass,  consisting,  according  to  Bmelius,  of  8Ag'0.2PH>,  or 
Ag«PH)»». 

3-  Orthophoaphates. — The  di-araentic  salt,  A^HPO*,  is  produced  by  dissolving 
the  tri-argentic  salt  in  phosphoric  acid,  or  by  mixing  nitrate  of  silver  with  a  large 
excess  of  phosphoric  acid  and  evaporating  ^Berzeliu  s),  and  often  separates  on  mixing 
a  solution  of  the  tri-argentic  salt  in  phospnoric  acid  with  ether  (Schwaraenberg). 
By  evaporation  of  the  acid  solution,  it  is  obtained  in  colourless  crystalline  lamine.  It 
is  immediatdy  resolved  by  contact  with  water  into  the  tri-argentic  salt  and  free  phos- 
phoric add. 

The  tri-argentie  aalt,  Ag*PO*,  is  obtained  by  predpitating  nitrate  of  silver  with  any 
alkaline  orthophosphate.  It  is  a  lemon-yellow  powder,  the  colour  of  which  affords  a 
characteristic  test  for  orthophosphoric  add,  the  other  two  modifications  givine  white 
predpitates  f  pp.  638, 539, 642).  it  is  insoluble  in  water,  but  easily  soluble  in  ad<u»  even 
in  acetic  acia;  also  in  aqueous  ammonia,  and  ir  deposited  on  evaporating  the  ammoni- 
acal  solution  in  yellow  crystalline  grains.  It  is  blackened  and  decompoMd  by  exposure 
to  light,  assumes  a  transient  dark  orange-red  colour  when  heated,  ana  melts  atastimig 
red  heat. 

^  y.  Pyrophoaphate,  Ag*P*0'  or  2AgH).P'0». — ^Formed  by  predpitating  nitrate  of 
silver  with  either  acid  or  neutral  pyrophosphate  of  sodium,  the  rapernatant  liquid 
being  neutral  in  either  case.  It  is  a  white  powder,  of  spedfic  gravity  6 '306  at  7SP; 
contains  no  water ;  fuses  somewhat  below  a  red  heat,  without  anv  decomposition,  and 
forms  a  dark  brown  liquid,  which  on  cooling  solidifies  to  a  white,  radiated  mass ; 
assumes  a  reddish  colour  on  exposure  to  light.  When  boiled  with  ordinary  phosphate 
of  sodium,  it  is  immediately  decomposed,  yiddin^  yellow  tri-argentic  phosphata  and 
aqueous  pyrophosphate  of  sodium :  probab^  in  this  manner : 

3Ag^P»0'  +   4Na>HP0«     -     4A^P0*  +   Na*PH)'   +    2Na«H»I*0'. 
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Aoeordiflg  to  thii,  the  wtier  shoold  ecmUin  both  mono^  ftnd  d]-«odic  pyrophosplu&w. 
PyrophospbAto  of  sUrer  diMoWes  readilj  is  cold  nitrio  add;  but  when  boileo  with 
ettb«r  citric  or  Bulphtinc  acid,  it  ij  conyeited  into  tb«  orthopbo^pbate,  so  that  the  mk 
lutum  gircf  %  jeltow  precipitate  on  addition  of  ammonia.  Aqueona  hjdiodilonc  acid 
CODTerti  it  into  chloride  of  stiver  and  free  pboapboric  add.  It  diuolvus  with  tolerable 
faetlltj  in  ammonia,  and  ia  thrown  down  nnchangiad  by  acida.  It  is  in^lnbla  in 
aoatie  add,  and  not  altered  hy  boiling  with  wut^r  (Stromej«r);  insolnblo  in 
Bolutlona  of  the  pjTopboepbat^fl ;  xerj  BUghtly  soluble  in  stiver- nitrate.  (Schwar- 
■tfiberg.) 

i.  FMtmann  and  HennebergU  Silver^pkotphaUs. — These  ialta  are  obtained  bv 
predpitaluig  the  oorreapooding  sodium-ialta  (p.  ^7)  with  nitrate  of  silver.  The  salt 
Ag«P*0*"  or  aAg*0.2P*0*  diMoJvea  in  a  large  exoeea  of  the  eodium-aalt  j  it  is  insoluble  in 
water,  but  it  decomposed  hy  prolonged  WBahing  with  wat^^r^  phosphoric  add  dissotving 
utit.  If  melii  at  a  moderately  high  tfmperatarei.  It  is  pes-hape  identical  with  the  salt 
which  Ben:eli  ua  obtained  by  prolonged  boiling  of  di-argentic  phosphate  with  war  er  (p.  5  7  6). 

The  aalt  Ag"F*0*»  or  6Ag»0.6P*0*  ia  eaaily  aolnble  in  exce«a  of  ihe  ojrresponding 
aodinm^alt, 

Fti«apbataa  of  Sodlimi*  a.  Mftaphogphate/i,  riNaPO*. — Salta  baring  thia 
composition  oLtjii  ned  by  ignition  of  diaodic  pjTPophoephate^  Na'HT*0',  or  monoaodie 
orthophoephate,  NaH'PO\  or  eodio-ammonic  orthophospbate  (microcosmic  salt), 
Na(lm*)HPO*,  and  most  advantageously  from  the  last- mentioned,  which  is  eaail^v  pre- 
pared pure.  The  resulting  mt'taphosphate^,  aa  fintt  abown  by  Graham,  exhibit  con* 
aiderable  diversity  of  character,  according  to  the  degree  of  heat  applied  and  tha 
qnickneas  or  alowneas  of  the  rate  of  cooling — diflferencea  whichi  as  already  obierved, 
are  attributed  to  polymeric  modiflcations  (p.  638). 

Honoaodic  pyrciphoaphate  and  orthophospbate,  when  heated  for  aome  time  to  200^ 
— 250*,  give  off  nearly  all  their  water  of  crystallisation,  and  the  remaining  salt,  after 
being  heated  to  abont  315*^,  retains  scarcely  one- third  per  cent  water.  If  it  be  then 
treated  with  water  af^er  cooling,  the  greater  port  dinolvea  aa  pvropboaphate,  while  a 
amall  Quantity  of  metaphosphate  renmna  behind.  After  the  aalt  baa  been  heated  more 
strongly  and  for  aome  minntea  to  near  redness,  the  reaidae  la  for  the  most  part  inso* 
luble,  and  conaiata  of  mono -metaphosphate.  When  strongly  ignit«d  it  melta,  and 
after  very  alow  cooling  yielda  a  cryfitalliaable  aalt  containing  sodic  tri -metaphos- 
phate; by  rapid  coohng,  on  the  other  hand,  it  ia  converted  mto  vitreona  hexmeta- 
phosphate.  In  like  manner  microoosmic  salt,  when  expoaed  to  a  gradnally 
mcreaaing  temperature,  first  givea  off  crystallimtion-water  and  ammonia,  leaving  a 
Tory  add  aoltible  salt,  consisting  chiefly  of  diaodic  pyrophosphate ;  but  on  increasing 
the  beat,  more  water  goes  off,  and  there  remains  a  met^uihosphate  which  melta  at  a 
nd  beat. — Dimetaphosphate  and  t£trametApho«|)hiite  of  sodium  are  obtained  from  the 
oorre^nding  copper  and  lead-aalts  by  double  decomposition. 

1.  Th4»  mcnomitaphosphaie^  K&PO',  obtained  aa  above,  or  by  fusing  2  pta,  nitrate  of 
aodium  with  1  pt  of  syrupy  phosphoric  add  at  a  strong  heat,  and  waaning  out  the 
product  with  cold  water,  ia  a  dense  white  powder,  nearly  inaoluble  in  water,  even  at 
the  boiling  heat,  but  easily  disaolred  by  acids  (M  add  re  11).  By  boiUng  with  caustic 
alkalis  it  is  elowly  converted  into  orthopbosphate. 

2.  JHitir(apho«phate,  NaTK)*. 2 H*0.— Obtained  by  digesting  eupriedimetaphosphatd 
(p.  6$0)  with  a  warm  solution  of  monoijulphide  of  ^ium,  filtcnng  when  the  solution 
retains  ot;1y  a  alight  alkaline  reaction,  evaporating  in  contact  with  the  air,  diaaolTtog 
the  residue  in  water,  und  gradually  aAlding  an  equal  volume  of  alcohol  of  80  per  cent. 
It  then  separates  in  concentric  gronpH  of  long  needles.  Thia  salt  dissolves  in  7*2 
pN.  water,  either  hot  or  cold,  forming  a  neutral  aolutioo,  which  may  bo  kfpt  for  months 
without  alteration  in  the  cold,  but  is  converted  by  prolonged  boiling  into  orthophos- 
phafe  without  passing  through  the  intermediate  staigfi  of  pyrophosphate.  It  gives  off 
all  its  water  nX  lOQ^  ;  the  dry  aalt  absorba  water  &om  the  air,  and  becomes  hot  when 
mixed  with  water.  It  aepanitoa  unaltered  from  a  solntion  in  caustic  soda  on  evapora- 
tion, and  from  solution  in  hydrochloric  acid  on  addition  of  alcohol ;  but  when  heated 
with  acids,  especially  with  strong  sulphuric  acid,  it  yielda  ortbophosphorio  acid* 
(Fleitmann.) 

Btdiihamntonic  DivtetttphotipkaU^  Na(NIl*)P'OMPO,  crystallisea  on  adding  alcohol 
to  H  aolutton  of  the  dimetapboephates  of  sodium  and  ammonium  in  equivalent  propor* 
tioDB.  The  crystAli  rmiemble  those  of  the  sodio-potasaic  salt,  are  leea  K)lubb  in 
water  than  di-metaphosphate  of  ammonium,  but  more  soluble  than  the  sodium-salt. 
It  gives  off  its  water  at  100*^.     (Fleitmann.) 

Sodw'potagsic  dimrtaphofrphntr,  NaKP*0*.H^O,  separates  as  a  cryHtalline  powder  on 
mixing  tne  concentmtea  solutions  of  the  component  salta  in  equivalent  proportion;  aljto 
on  mixing  thr  potaesiuni-ftalt  with  chloride  of  sodium,  or  the  8odium*salt  with  chloride 
pt  potassium.     Dilute  solutions  yield  the  double  salt  in  larger  crvstals  by  spontaneooa 

Vol.  IV.  '  P  P 


I 


578       PHOSPHOItUS:  OXJDES  AND  QXTaEN-ACmS. 

eTimoratioQ.  It  diMolroi  iuZiptB-oi  oold  water.  The  OT^taU  d^  Bot  ^T0  off  aU 
their  water  of  cnrBta9iMtion  at  IM^  \  at  higher  tenpeiratiires  the  ialt  mdbUk  wd  w 
converted  on  cooUng into traneparent  easily  sduble  hexWetaphosphate.  (Fleitmaon.) 
Qodio-^trgetUie  dimetapkosplate,  NaAgP'O*,  fepanites  gndnaUy  from  a  eolutiffl  ol 
BilTer-nitrate  mixed  with  excees  of  the  aodium-fak,  in  beantifol,  transparent,  inonodi- 
nie  crystals.  When,  on  the  contraiy,  an  esee§a  of  ail^ar-nitrate  is  nsed,  ^mailer  fiy- 
Btals  are  obtained  consistix^  of  pnre  argentic  dimetaphoqphate.  (FleitmanQ  aod 
Henneberg.) 

3.  Trimetaphoaphate  of  Sodium,  Na*P«0».6H*0  or  3Na'0.3P*0*.12H«0  (eiystal- 
liaable  metaphosphateX  is  formed  by  exposing  microoosmio  salt  to  a  modffat^  hiat 
(Graham),  or  by  slow  cooling  of  the  strongly  heated  and  fused  salt  (Fleitjnann 
and  Hen n eb er g ).  A  eonsideraUe  mass  of  the  salt,  left  to  cool  Tcoy  slowly*  becomes 
beantifoUy  aystaUine,  and  if  then  dissolved  in  a  moderate  qnantit^y  «f  warm  water, 
yields  a  milky  Uanid,  which  separates  on  standing  into  two  layers,  the  laxgcv  Qf  whkih 
yields  the  crystalline  salt  on  evaporatiwu  The  fiiest  crystals  are  obtained  by  leaving 
the  concentrated  solution  to  evaporate  in  shallow  vesseb.  The  crystals  are  obUqne 
rhombic  prisms,  having  a  coobng  saline  taste,  soluble  in  4 '5  pts.  of  Qold  water, 
sparingly  soluble  in  aaueous  alcohol,  insoluble  in  absolute  alcohol  The  aqueous  solu- 
tion is  permanent  in  the  cold,  but  tuns  add  on  boiling,  and  is  quicklv  converted  ioto 
acid  orthophosphate ;  the  same  change  is  more  quickly  produced  bv  dilute  adds.  The 
crystals  do  not  melt  in  their  water  of  crystallisation  when  heated.  At  100^,  or  in 
Tacuo  over  oil  of  vitriol,  they  give  off  ||  of  their  water,  the  last  portion  being  expelled 
only  at  a  much  higher  temperature. 

Trimetaphosphate  of  sodium  forms  soluble  double  salts  with  the  two  corresponding 
salts  of  the  alkaline  earth-metals  and  the  diatomic  heavy  metals. 

aodio^rytic  trimetaphaifhate,  Na*Ba*P*0**.H*0.  separates  in  steUate  groups  of 
crystals  from  a  filtered  solution  of  1  pt.  chloride  of  banum  and  2  to  3  pts.  tnmeta- 
phosphate  of  sodium.  It  is  somewhat  more  soluble  in  water  than  the  pure  barium-salt 
(p.  553).  The  cxystals  ffive  off  6  at.  water  at  100^,  the  rest  without  tumefaction  at  a 
stronger  heat.  Tne  slightly  ignited  unfhsed  mass  is  insoluble  in  water,  but  becomes 
easily  soluble  after  ftision. 

4.  Tetrameiaphowkateof8odium,1^9,*P*0^*  with  8  or  4  at  H»0,or4Na«0.4P«0»with 
6  or  8  at.  HK). — Tnis  salt  is  prepared  by  digesting  the  corresponding  lead-salt  with 
monosulphide  of  sodium.  The  action  takes  j^ace  quickly  and  with  rise  of  temperature, 
the  mixture  swdling  uj^  and  solidifying  to  a  coherent  elastic  cake  consisting  of  sodie 
tetrametaphosphate  mixed  with  findy  divided  sulphide  of  lead,  and  tne  liquid 
remaining  gummy  even  when  diluted  with  100  times  its  bulk  of  water,  so  that  it  can 
scarcely  be  filtered.  By  adding  alcohol  to  the  dilute  solution,  the  salt  is  predpitated 
as  a  colourless  elastic  ropy  mass,  like  caoutchouc  The  solution  is  neutral,  and  dries  up 
by  spontaneous  evaporation  to  a  transparent,  fissured,  non-hygroscopic  mass,  ^e 
salt  melts  when  heated,  and  is  converted  into  hexmetaphosphate  of  sodium. 

Tetrametaphosphate  of  sodium  forms,  with  the  salts  of  the  alkaline  earth-metals, 
insoluble  elsi^tic  compounds,  which  by  prolonged  contact  with  water  are  converted  into 
orthophoephates.    (Fleitmann.)  ^ 

Soaio-cupric  tetrametavhotphate,  Na^CuTH)**,  is  obtained  by  mixing  the  dimela- 
phosphates  of  copper  and  sodium,  adding  one-fourth  as  much  free  phosphoric  add  as 
the  two  salts  to^Uier  contain,  evaporating,  and  heating  the  dry  residue  to  300^. 

Sodio-magneaw  tMtaphoafhaU,  Na^Bf^TH)'*. — ^When  phosphoric  add  prepared 
from  bones  and  freed  from  lime  and  sulpnuric  add  (p.  680)  is  evaporated  down,  and 
then  heated  for  some  time  to  310^,  metaphosphate  ai  magnesium  separates  out  first, 
and  then,  after  longer  heating,  the  sodio-magnedc  salt,  as  a  white  powder,  insoluble  in 
water,  hydrochloric  add  and  nitromuriatio  add,  and  soluble  only  in  strong  sulphuric 
add  (Maddrell).  This  salt  has  the  compodtion  of  a  di-  or  tetrametaphosphate,  but 
theparticular  modificstion  to  which  it  belongs  is  not  exactly  known. 

when  sulphate  of  cobalt  is  heated  to  316®  with  impure  phosphoric  add  containing 

■odic  metaphosphate.  A  double  salt,  containing  NaKJoTH)**,  separates  as  a  powder  of 
a  fine  rose  colour,  insoluble  in  water  and  in  acids,  even  in  strong  sulphuric  add..  A 
nickel-salt  of  amdogous  composition  is  obtained  in  like  manner  as  a  greenish  powder, 
soluble  only  in  strong  sulphuric  add. 

6.  Hesmetaphoaphate  of  Sodium,  Na«PK)»  or  BNa'CCFO*  (deliqueaeent  or  vitraoua 
metaphosphate ;  Q  r  a  h  a  m's  metaphosphate).  This  salt,  obtained  by  rapid  cooling  of  the 
melted  mass  (p.  577),  forms  an  amorphous,  colourless  elass  which  quickly  absorbs 
moisture  from  the  air  and  deliquesces.  It  dissolves  easuy  in  water  and  in  alcohol, 
Ibrming  slightly  add  solutions.  When  dried  in  the  air  at  30^  it  becomes  visdd  and 
dries  up  to  a  transparent  gum.  The  salt  dried  in  vacuo  contains  1  all.  soda  to  flM>re 
than  1|  at  water  (or  I  at.  Na  to  1^  at.  H.),  and  it  still  retains  1  at  water  after  drying 
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«t  100^,  bot  is  til  en  c<mr«fTt&d  mto  diiodic  pjropbosphate,  Nft>H'P*0^ 

'  chaQgt  either  in  the  cold  of  i 
with  canstie  Boda.     (Grab am,) 


fotatioo  does  not  uiideT^  anj  chaiigt  < 


Tba  aqaeoua 
when  boiled  either  alone  or 


8adio-amm4mic  He^netaphotphaU.— When  the  tfolntioD  of  th»  9alt  just  described  it 
traporated  with  sal-ainmoQiac  and  th^n  mixed  with  alcohol,  thlfl  double  salt  separates 
oa  a  vjrop,  which  maj  be  purified  hy  solution  in  water  and  reprpQjpilation  with 
aloohoL  It  contains  soda  ana  ammonia  in  pfPoportions  rarying  between  1  i  1  and  6:1. 
(Fleittnann.) 

4.    Ortkofketpkatet  of  Sodium.— The    mmtmdio  9aU,   NaH^FOMTKI    «> 

no|Q{F'0*.2H*0,   ia  obtained    hj  mixing  the  aolulion  of   the  disodie  salt  with 

phoapooric  acid  till  it  no  louder  pi-ecipitatca  chloride  of  caldnro.  The  solntion  con- 
cenlral^  a&d  cooled  deposita  the  salt  in  rather  large  ciystals  belonging  to  the  trimetrie 
ajftam.  The  nwwe  ordmary  form  has  the  axes  a  :  hic  -  0*9342  :  1  :  0'&,&73,  Angle 
oftP:  oeP  -  86*»6';  Poo  :  tqo  (basal)  =-  91*  24'.  The  dominant  combination  is 
Q&p  .  oP  with  the  t^nm  Pae  *  P,  ocPoo  ,  and  othcre  »nl>ortiinflte.  Somelimf\'5,  however, 
the  salt  ciyslalUses  in  another  form,  also  trimetric  And  isomorphons  with  inonoeodie 
utenate,  NaH'AsO*.H^.  In  this  form  the  axes  aib  \  c  -=  0  8170  \  1  :  0-4d88. 
Angle  P  :  P  (brachyd.)  -  l;*3«  48'  i  P  :  P  imacrod  )  i-  122°  ^8* ;  P  :  P  (hisal)  = 
Te^s^SS*;  »P:  »P  =  78^  30';  Poo  :  foe  (baeal)  «  53^7';  2l^ao ,  2fao  (bopal)  = 
83°  iV9',  Principal  feces  ooP,  P,  with  Pao  wwA  2Pao  subofdinate.  The  snlt  it  th'^re- 
fore  dimorphous  (Kopp),  Py  rapid  crystallisation  of  a  etrongly  concent ratrd  stilu- 
tioD,  or  from  a  aolntioD  of  the  cC»odic  s^ilt  mixed  with  nitric  acid,  tt  separatee  in 
crystala. 

The  etT^tallisfd  salt  has  a  sped  Ac  graTity  of  2'OiO.  It  gives  off  all  itn  cryst^llisa- 
lion  water  at  100^,  melts  at  204°^  gnrmg  on  1  at.  baaic  hydrogen,  and  being  converted 
into  pyropho«phate,  and  at  2^6**  it  giTcs  off  the  last  atom  of  hydrogi  n,  leaving  • 
residue  of  metapho^fphateu  It  is  eonly  soluble  in  watery  insoluble  in  nlcohoL  The 
solution  forms  a  yellow  precipitate  with  slker-nitmtei  but  the  precipitation  is  not 
com  pic  t«,  AS  the  nitric  acid  which  is  set  free  holds  a  portion  of  the  silver  pbof^phute  in 
solution. 

Disodie  Ortkopko§pkaU  or  M<moacid  Pkosphate  of  Sodium,  Na*HPO^  or    ^^  I  P'0\ 

alsoodled  ordinary  or  neutraf  phoipkatt  of  aoda;  talmirabilt  pertiifum. — This  salt  occurs 
in  the  blood,  eapecially  in  that  of  ponltiy^  and  in  urine.  It  is  easily  prepared  by  adding 
caustic  soda  or  sodic  carbonate  to  orthophosphoric  acid  till  the  liquid  becomes  sliglillv 
alkaliue.  It  is  obtained  in  larger  qnantities  from  bone -phosphoric  acid,  which  for  this 
pnrpoec  must  be  free  from  excess  of  sulphuric  acid^  but  may  contain  lime  or  mnfniesiii ; 
3  pta.  of  burnt  bonea  are  digested  for  about  24  hours  with  2  pts.  snlphuric  acid  and 
24  pta.  water ;  the  resulting  paste  is  washed  with  warm  water,  and  the  liquid  is  mixed 
with  sufficient  carbonate  of  sodinm  to  produce  a  flight  ulkaline  reaction.  The  lime  and 
magnesia  are  thereby  precipitated  as  trimetallic  phosphates^  any  arsenioos  or  arsenic 
aeid  that  may  be  present  Wng  precipitated  at  the  aame  lime.  The  solution  is  then 
pvaporHtcii  to  the  cryatalliaisg  point,  the  more  soluble  foreign  salts  remaining  in  sotn- 
tion,  and  the  crystals  of  disoojc  orthophoephate  which  separate  are  pnrified  by  solution 
and  reciTstallisation. 
The  ciystali  thus  obtained  ecMitaia   12  or  24  at.  water    -    Na'HPOM2H30  or 

^Q  f  P*0*.JiH"0.    They  Are  moooclinic  prisma,  having  the  axes  fl  :  ^  :  c  «  0*5773  : 

1  :  0*821],  Angle  of  inclined  axse  -  o6<' 30*.  ocP  :  «.P  (ortbod.)  =.  112'^  10; 
+  P»  :  tf  »  70°  42' ;  +  2P«>  :  e  -  37**  1 7' ;  oP  :  oeP  =-  73^  3\  Ordinary  combinatioii 
oBp .  oP .  4  p.  ^2Pao,like  figure  296  (CnrtnuAMOUArnj,  ii.  154).     I»omorptious 

with  disodie  arsenate,  Na*HAsOM2lI*0.    The  crystals  are  krgt*r  and  better  d#velofied 

when  they  contain  a  small  quantity  of  sodic  carbonate. 
A  solution  of  the  salt  left  to  evaporate  at  33*^  depoetta  eryttals  containing  Na-HPO'* 

OVaSQI 

7H'0  or    jj^Q  >P*0*.14H*0.    These  cryatals  are  monoclinic,  having  the  axes  a  :  f> :  c 

^  0  8271  :  I  :  1099.  Angle  of  inclined  axes  «  83^0'.  Angle  ooP  :  ooP  (ortlifki) 
=  101°  14^  0BP2  :  ooP2  (orthod.)  ^  62°;  +Pdo  :  c  =  46**  27*;  oP  :  aP  - 
86°  34'.  Combination  »P  .  oP  ,  ocPoo  .[i»P«].  4- P  .  -P  .  +  Poo,  Cleava^ 
parallel  to  oePoo  .  The  crystals  are  i«rjmorphuus  with  tho«e  of  (he  corresponding  JWMJic 
areeoate,  Na'HA»0*7H*0.     They  do  not  effloresce  on  exposurt-  to  the  air. 

The  crystals,  Na«HP0M2H'0,  have  a  «peciflc  gravity  of  1-525  (Schiff,  Jahn-sb. 
1869,  p.  16):  they  melt  in  their  water  of  crystallisation  at  35°.  and  the  sslt  nfler  fusion 
and  solidtHcation  has  a  specilic  gravity  of  1  686  at  8**.  The  crystals  cmpnnd  in  the  ratio 
uf  I     1  m>l  between  Q°  and  2(r^;  and  ofl  :  1  fN)6  between  0'  at  35^;  at  themxitnent  of 


ifMraturM, 

Ka>HP04  difwlved. 

QO       .         . 
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f^ion  the  volame  ineresMS  by  6*1  per  cent,  so  that  the  volume  of  the  liquid  salt  at  36^ 
ifl  to  the  original  Tolume  at  0^  as  1'056  :  1  (H.  Kopp,  Jahresb.  1856,  p.  46).  The 
crystals,  when  exposed  to  the  air  at  ordinaiy  temperatures,  effloresce  without  disinte- 
grating; at  a  gentle  heat^  even  at  30^ — 40°,  and  likewise  in  vacuo  over  oil  of  vitriol* 
they  gradually  give  off  all  their  water  of  crystallisation,  and  the  anhydrous  salt,  if  ex- 
posed to  moist  air,  gradually  takes  up  7  at.  water.  The  specific  gravity  of  the 
anhydrous  salt,  Na'HPO\  is  1*619  (8chiff)L  When  heated  to  redness  it  gives  off  its 
basic  hydrogen  and  is  reduced  to  neutral  sodic  pyrophosphate. 

The  crysUls  with  12  (or  24)  at  water  dissolve  in  4  pts.  of  cold  and  2  pts.  of  hot 
water ;  a  boiling  saturated  solution  contuns  112  pts.  of  the  crystallised  salt  to  100  pta. 
water,  and  boils  at  106*6  (Liebig).  Aeooiding  to  Ferrein  (Jahresb.  1868,  p.  117) 
1  pt  of  the  crystallised  salt  dissolves  in  11*73  pts.  water  at  13°,  and  the  salt  is  soluble 
in  almost  all  proportions  of  boiling  water.  According  to  Neese  (Jahresb.  1868, 
p.  180),  1  pt.  of  the  salt  dissolves  in  6*7  pts.  water  at  16°,  in  6*8  pts.  at  20°,  and  in 
3*2  pts.  at  26°.  The  solution  saturated  at  16°  does  not  deposit  any  crystals  after 
stanoing  for  eighteen  hours  at  12°.  Hence  Neese  regards  Liebig^s  statement  remding 
the  solubility  of  the  salt  as  more  correct  than  that  of  Fexrein ;  Wi  ttst  ei  n  (Arch.  Pharm. 
cxv.  43)  rfgards  the  latter  as  the  more  exact— The  7-  or  14-hydrated  salt  Na*HPO«. 
7HH)  or  2Na*0.H*0 P'O*  -*■  14  aq.  dissolves,  according  to  Neese,  in  8  pts.  water  at  28*. 
According  to  Poggiale  (J.  Pharm.  [8]  xliv.  273;  Jahresb.  1863,  p.  181),  100  jfm, 
water  at  various  temperatures  dissolve  the  following  quantities  of  the  rolt  dned 
at  100°:— 

Temperaturei.  Wflght  of  salt 

MaSHPO*  diMOlvad. 
60°  .  .  .  66-29 
70  .  .  .  68*72 
80  .  .  .  81-29 
90  .  .  .  96*02 
100  ..  .  108-20 
106*2      .        .  114*43 

According  to  Schiff  (Ann.  Ch.  Pharm.  cviii.  826;  Jahresb.  1868,  p.  38)  the 
deniities  of  solutions  of  various  strengths  are  as  follows  :— 

Perentagt  of  KaSHPO*.lSlI*0  Denittv  of  solutioo 

tn  MliitioD.  at  19<*. 

10*69 10442 

6*99 10292 

6*29 1*0220 

4*66 1*0198 

3*60 1*0160 

2-88 1*0114 

X-16 1*0067 

Ordinaiy  ohoiphate  of  sodium  has  a  cooling  saline  taste,  not  so  unpleasant  as  that  of 
Glaubei's  salt,  and  is  often  used  instead  of  the  latter  as  a  purgative.  The  commerdal 
salt  frequently  contains  small  Quantities  of  sulphate  and  cmonde,  also  tzaees  of  arsenie 
derived  fiom  the  sulphuric  acid  used  in  its  prf^paration  from  bones. 

IHsodie  orthophosphate,  Na*P0M2H*0  or  3NaK>.PH>».24H*0AThi8  salt  ia  ob- 
tained  by  mixii^  a  solution  of  the  preceding  with  caustic  soda  and  evaporating  to  the 
crystallising  point ;  or  by  iffnitiuff  dry  disodic  orthophosphate  or  pyrophosphate  with 
the  requisite  quantity  of  some  carbonate,  dissolving  the  mass  in  water,  and  crystalliiiiig. 
It  may  be  purified  by  recrystaliisation  from  2  pails  of  boiling  water. 

The  crystals  are  thin  six-sided  prisms  with  truncated  end-frtces ;  they  have  a  npeeifio 
gravity  of  1*618  (Schiff);  are  permanent  in  dry  air ;  melt  in  their  water  ox  erya- 
talBsaition  at  77°.  The  salt  dried  at  100°  still  retains  1  at.  water  (out  of  24  atX 
which  it  gives  off  only  at  a  red  heat  It  does  not  melt  even  at  a  full  red  neat,  but  attacks 
glass  strongly  at  thit  tempmture.  The  crystals  dissolve  in  6  pta.  water  at  16°.  The 
aensities  of  solutions  of  various  strenffths  are,  according  to  Schiff  (Ann.  Ch.  Pharm. 
exiil.  183;  Jahresb.  1869,  p.  41),  as  follows:— 

Perc«otage  of  Deniltr  of  lolutlon 

NaSPO«.lSHSO.  it  15°. 

22  03 11036 

17*60 10812 

1100 10496 

8-80 1-0393 

4-40 10193 

The  solution  when  exposed  to  the  air  absorbs  carbonic  acid,  which,  as  well  as  other 
weak  adds,  abstracts  the  third  atom  of  base.    Chlorine,  bromine,  and  iodine  likewise 
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let  upon  lite  third  atom  of  sodn  an  on  free  soda.    When  a  neiitnl  dlrcfr-soltttioii  ia 
pfeeipitnfrd  by  f ne»odie  phoepha tc*,  th#  li<)uid  renuLiofl  fieiitral, 

PhospkatafiwritU  0/  SiMiium,  Na'PO^.NaF,  is  produced  by  fusing  tocotiier  4  pta.  of 
diwdic  pjrophoffphiite^  2|  pU.  aodic  earbooate,  and  1  pt  fluor-spar^  ana  dieestitig  the 
fiued  maafl  with  warm  water ;  also  by  digevdDg  pulreris^d  ciyolite  for  seveiu  daya  iriih 
atolution  of  ordinary  phosphate  of  aodium  mod  eanstic  soda,  and  leaTing  the  aolution  to 
evaporates ,  or  by  mixing  a  fioLtition  of  fluoride  of  Bodium  witli  ordijoary  phoiphati^  and 
cmoatic  Boda.  fiithar  of  thene  solutions,  after  eonc^ntration  over  tie  water<batl), 
depotita  th«  pboaphato-fluonde  in  hurd,  limpid,  rt?gular  octahedroni  modified  with 
Ucc9  of  tha  Cuba  and  rhombic  dod«>cah(!>dron.  It  haa  a  ipecifii!  grarity  of  2-2165  at 
25^,  dissolTOfl  to  831  pta.  water  at  2^^  (the  aolution  ha  ring  a  dcnaitr  of  1*0329),  and 
in  1*74  pta.  water  at  70'°  ( specific  grarity  of  aolutioa  —  ^'^^O-  '^^  aolution  wbpQ 
boiled  down  deposits  fluonde  of  iodinm  (Biiegleb,  Ann.  Ch.  Pbarm,  xcrii  95; 
Jahrasb.  1856,  p.  aSS). 

Kii'O    > 

aodio-ammomc    Orthopkosphai^,    Na(NH*)HPO*JHK)    or    (N1I*)«O^P'0*.8H*0. 

H^O  i 
Phatphorut-talt,  Microeotnuie  9aU^  Sal  mrina  nativum  ».  JusibHr. — This  salt  occurs 
•bundantly  in  human  urine,  at  Imt  after  putrefaction,  and  may  be  prepar^cl  there- 
f^m ;  it  is  found  also  mixed  with  the  carbonates  and  phosphates  of  caldum  and 
ma^eaium  in  fl;uano  fromlchabooj  the  salt  from  this  sottrce  is  caU«d  s  tor  to  rite 
by  Herapath.  ft  ia  fcmned  on  mixing  disodic  orthopboaphate  with  phosphate  of  ammo- 
mum  or  other  ammoniacal  salt,  or  monosodic  orthophovpbate  with  ammonia,  and  may 
be  easily  prepared  by  diasolring  6  pts.  of  ordinary  crystaUiaed  diaodic  orthophosphate, 
and  2  pta.  phosphate  of  ammonium  in  a  small  qtiantity  of  hot  water,  and  crystallising, 
or  6  to  7  ptSr  of  the  oyatallised  sodium^Falt  iLiid  1  pt.  sal-ammoniac  in  2  -pis.  of  boiling 
water ;  the  sodio-ammonic  salt  then  crystallisi^s  out  on  cooling,  while  chloride  of 
aodium  tvmuins  in  solution:  Na'HPO*  i-  NH^Cl  -  Na(NH*)HPO*  +  NhCI.  It 
may  be  freed  from  chloride  of  sodiom  by  reerystaUtaaiion  from  a  small  quantity  of 
boiluiig  water  containing  a  little  fm  ammoma. 

The  oystals  are  monocUnic  prisma^  iaomorphona  with  those  of  the  eoiretponding 
arsenate.  Axes  a  ;  6  :  e  «  0'3469  :  1  r  0*3236.  Angle  of  inclined  axes  ^  80^  42'  . 
c»P  :  cbP  (orthod.)  -  HI"  16';  -2P«>  :  c  =  60«  43';  +2P«  :e  -  63*  5V; 
-1. 4P«  :  c  «  41<»  r;  oP  :  oeP  -  86°  M\  Combination  oeP  .  oP  .  [  *P»  ] .  -P . 
-2P«  .  +2P00  •  +4P«>. 

The  oystals  hare  a  specific  graTity  of  1*554  (Sc  h  i  ff),  and  a  cooling  saline,  somewhat 
AMmonistcal  taste;  they  disaolve  easily  in  water,  the  solution  giving  off  part  of  its  ammonia 
sn  evaporation.  They  effloresce  on  the  surface  when  exposed  to  the  air,  and  at  a  gentle 
heat  give  off  their  water  and  a  portion  of  their  ammonia.  At  a  stronger  heat  the 
nit  molts  with  strong  intumescence,  ^ving  off  all  its  water  and  ammonia,  and  teaviiig 
pure  metapho^phate  of  sodium,  which  in  the  fVised  state  eaaOy  diasolrea  metaUie 
oxides,  forming  di-  and  tri -metallic  phosphates,  posaessing  in  many  caaea  r«rj  cbarac- 
teristtc  colours.  On  account  of  these  reactions,  the  salt  is  much  used  as  a  flux  10 
blowpipe  experiments, 

Uolamann  (Arch.  Pharm.  [2]  xcix.  138;  Jahresb,  1859,  p.  75),  in  preparing 
Bodio-ammooic  phoisphate,  once  obtained  it  in  long  efflorescent  prisms  containing 
Na(KH*^)HPO*.dH^O,  but  on  disaolTing  them  in  water  containing  ammonia,  and  re- 
erystallising,  ordinary  microcosmic  salt  with  4  at.  water  was  obtained* 

Sodio-diammonu  phosvhaU,  Na(NH')^P0*.4H"0,  neparatea  in  dacaling  whito  peariy 
ervstalline  lamine  on  adcUng  strong  ammonia  to  a  cold  asturated  aaneons  aolution  of 
nucrocostnic  salt.  On  exposure  to  the  air,  it  gives  off  ammonia  ana  'la  conTerted  into 
ordinary  microcosmic  salt,  which  abo  cr^'slallises  out  when  a  aolution  of  the  diammonie 
salt  is  I<*ft  to  i'Vuptirute  spont^ineou^ly.  On  one  occasion  the  diammonie  salt  cry- 
stallised with  5  at.  water.  A  solution  of  the  diammonie  salt  in  hot  saturated  aquaotia 
ammonia  yielded  less  lustrous  crystals  of  a  sail  containing  (NH<)*PO*.Na(NH*7POV 
6H»0.     (Uelsmann,) 

Sodio-haryHe  OrtkophotphaU,  NaBaTO*.— Prepared  by  igniting  1  at.  dibarytic 
orthophosphate  with  1  at  carbonate  of  sodium  ;  bat  it  is  decomposed  in  great  part  by 
washing  with  water,  the  residue  always  containing  a  considerable  quantity  of  tribarytic 
phosphate,    (H.  Kose.) 

sSdio-iithic  Orthophosphaif,  (Li ;  Na)*PO*. — This  double  salt,  which  containa 
variable  proportions  of  sodium  and  lithium,  the  two  metals  replacing  one  another 
isomorphously,  is  obtained  by  mixing  a  solution  of  ordinary  poosphate  of  sodium 
with  a  lithium-salt,  evaporating  to  dryness,  and  treating  the  residue  with  water,  the 
double  salt,  which  is  very  slight ly  soluble,  then  ri^mfuning  bi^himK  It  forms  a  white 
light  powder  like  phosphate  of  calcium  or  magoenum,  requLritig  nmrty  1400  pts.  of 
water  at  15^  1233  pts  at  60°  and  950  pts.  at  100*',  to  dissKjlvp  if ;  10  wster  containing 
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phosphflte  of  fodiiim  it  is  almcM*  insolaUe.  Aeeordiiig  to  Rammelsberg,  tins  mM. 
generally  contaiui  from  9*9  to  16'3  per  cent.  Uthimn  (22  to  34  per  eeot.  Ihliia) ; 
mit  flfeeordiiig  to  Fresenias  the  salt  obtained  bj  eTapoFating  tbe  aolmioa  of  a 
fithiimi-salt  with  phoR^iate  of  sodium,  adding  a  qiumtitj  of  soda  sidBcient  to  keep 
the  lionid  alkaline,  and  digesting  the  restdne  with  aqueous  ammonia,  is  pare  friKthtr 
phosp^e,  li'PO*,  eontaimng  18*9  per  cent,  lithium.    (See  Lmiux,  iiL  728w) 

Soduhmtigneme  fho&pkaU,  VaMgTO*,  is  obtained,  mixed  with  a  large  quantity  of 
trimagnesic  pho6phat»\  bj  igniting  dimagnesie  phosphate  with  an  eqajvaleat  qnaatitj 
of  sodic  earbonate  and  washing  oat  the  aolnble  salts  with  water. 

8odio-iMmjtane§t^-fin4e9ko0pkate,  (Na* ;  Mn'TPO* J^e^TC^HH),  is  said  to  < 
a  dore-brown  mineral  at  limoges.    (Handw.  d.  Chem.  ri  374. ) 

Sodio-potMiie  <frtiopko§pkaU,  NaKHPO^.SHK),  is  obtained  bj  neiitra2]siD||a  i 
of  monosodie  ordiopho^khate  with  eaibonate  of  potassium  or  the  monopotaameaalt  wiA 
carbonate  of  sodium,  and  evaporating.  It  thai  separatee  eompleteljin  iMWMwIinie 
enrstals,  in  which  a:b:e  "  (h8144  :  1 :  1*1066.  Angle  of  inclined  axes  »  93^  39"; 
cdP  :  ooP  (orthod.)  »  101<>  W;  odPS  ;  odP2  (orthod.)  -  62^46;  ^P*  z€  « 
44^  68 ;  oP :  ooP  »  Sd^'  69^.  The  oystals  are  usually  tabular,  from  predominasee 
of  oP,  but  exhibit  also  the  &ees  ooP,  «Pao,  [»Pod]  .  -I-P,  -P  .  -hPoo.  Tlw 
salt  is  easilj  soluble  in  water,  pres  off  its  water  of  cfystalHaatioa  whco  niodsfUly 
heated,  and  the  basic  water  on  igmtioB. 

7.  Pyrophosphates  of  Sodiuw^.-^Thn  disodie  or  acid  sait^  Na'H'JfO',  is 
fonned  by  heating  disodie  orthophosphate  with  strons  hydroehlane  acid  to  16<P — 160^, 
or  by  exposing  monosodie  orthophosphate,  NaH'PO*.HK>,  to  a  heat  of  about  200^ ; 
also  by  dissolrmg  tetzasodic  pyrophosphate  in  acetic  add  and  adding  alcohol,  where- 
upon it  separates  as  a  white  eiystdline  powder.  Laxger  oystals  may  be  obtained  bj 
carefully^  pouring  alcohol  on  the  concentzated  aqueous  solution  of  the  salt,  so  that  the 
two  liquim  may  not  nux,  and  learing  the  whole  at  rest^  The  salt  is  easily  soluble  in 
water,  and  remaina  on  eraporation  as  a  frtabls  crust  (Schwarzenberg).  When 
heated  for  some  time  to  220^,  it  loses  half  its  basic  hydrogen.  (Fleitmann  and 
Henneberg.) 

The  Utrasodie  or  ueutrtd  pjfrophosph^  Na«PK>MOHK),  is  obtained  by  igniting 
disodie  orth<^hoqihate,  and  may  be  ctyatalliaed  by  solution  in  water  and  eraporarion. 
The  crystals  are  monodinie  prisms,  permanent  in  the  air,  easily  soluble  in  wati^r,  but 
leM  soluble  than  the  disodie  otthopho^thate.  The  solution  has  an  alkaline  reaction,  and 
the  salt  contained  in  it  is  not  eonrsted  into  orthophosphate  by  boiling  per  «r,  eren  for 
several  days,  but  the  oonTersioB  takes  plaoa  easily  on  addition  of  nitric^  hydrochloric, 
or  even  acetic  aeid.  The  crystallised  salt  gtres  dTaU  its  water  of  crystallisation  when 
gently  heated  in  the  air,  or  m  a  Tacunm  at  ordinary  temperatures,  but  the  dehydrated 
salt  when  exposed  to  the  air  gndnally  takes  up  again  the  same  amount  of  wat^.  The 
dry  salt  meks  at  a  high  temperatarf^  and  aoliniftnB  on  cooling  to  a  oolourless,  opaque, 
litreous  mass. 

Tetrasodie  pyrophosphate,  being  easfly  praared  in  considerable  quantity,  is  vmA 
Qsed  for  the  preparation  of  insoluUe  pyrc^hosphates  and  soluble  double  pyrophosphatesi 

Sodio-alumime  pyrophosphate. — ^llie  precipitate  formed  by  sodic  pyrophosphate  in 
solutions  of  aluminium  disaolyes  essily  in  excess  of  the  sodium  salt  (being  thereby 
distinguished  from  orthophosphate  of  aluminium),  and  the  solution  when  erapooted 
becomes  turbid  at  a  certain  concentration,  depositing  part  of  the  aluminic  pyzophos- 
phate,  whilst  a  salt  lichar  in  alkali  remains  in  solution,  and  is  not  pzvdpitated  either 
by  ammonia  or  by  sulphide  of  ammonium. 

aodithommonie  pyrophosphate,  TS^*(SIL*yFH)\SEH),  is  obtained  by  erapontfaig  a 
■olntion  of  monosodie  pyrophosphate  saturated  with  ammonia  oner  a  mixture  of  sal- 
ammoniac  and  quicklime.  It  firms  white  nKmodinic  prisms  easily  sduble  in  water; 
on  boiling  the  sdution,  ammonia  is  given  off  and  disodie  pyrophosphate  remaina. 
(Seh  wars  en  berg.) 

Sodio-amUmonie  p^^rophesphate. — ^Monosodie  pyropbosphate^  boiled  with  recently 
predpttated  antimomous  oxide,  dissolves  a  portion  of  it,  and  the  filtrate  yidda  by 
en^mration  a  cauliflower-like  mass,  vbich  is  deeomposed  by  water,  the  greater  part  <^ 
the  aatimoniooi  aaode  then  remaining  undissolved. 

aodkhmaie  pyrophosphate,  2Na«P'0'Jk;«PH)».HK).— TridiVmde  of  gold  diasolvca 
ia  aqneooa  sodic  pyrophiosphate,  and  if  the  solution,  whidi  is  colourless  after  warming 
ba  •npotated  in  a  veasd  in  whidi  it  is  protected  from  Uglit  and  dust,  diloride  of 
— ii»  and  ^eawcw  of  sodic  pyrophosphate  separate  out,  and  the  double  salt  leasaias 
laqwHijaohition,  havmftaceorJingtoPetaoa,  the  abore  eoMpesition,  Thasolaikai 
kM  MM  «nd  te  gdvaaie  giUiBg: 

pyrs^faayjgfc,  Ka«FK)'.fiB:*PH)'.«HW.^This  is  said  to  ba  the  eott- 
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pomtion  of  a  dow^>l«^  is.aU  rnrxJu^cd  as  an  mnon.lion?«  rireeipitAte,  on  dittpptog  chloride 
of  b&rium  into  a  '  tba  of  sixlic  pyr 

Soduhbismuth'i  j^/-.— Monosodk   ,  i  bal«  difltfolTe«  »  rathe?  large 

quAAtitj  of  bisBQuLk-oxid^  Alio  whcD  bismuLh-nitrat**  ts  wished  with  eiecw  of 
•ointioo  of  Bodic  pjiophosphiite,  a  soluble  doable  salt  U  forfDf*d,  whoft^  saltodon  becomes 
lurbitl  when  heated,  but,  according  to  Penos,  is  not  prrdpitated  by  sulphide  of 
amiDooioni. 

SMiio^alcie pjfropkotphale,  Na*CaT*0'.4H»0  (Baer),— This  salt  separate*  when  a 
solution  of  chloride  of  calcium  is  dropt  into  excess  of  sodic  pyrophosphate. 

Sodi^t-chr^mu:  pyr(>phogphate,— Known  only  in  solution,  which  rfs«mhle«  that  of  the 
poliMno-dmimic  salt  (p.  576). 

0oih<t>haltmu  pympho^phate.—The  precipitate  fonned  by  sodio  Dypophosphate  in 
the  tolntioti  of  a  <»baltona  salt  diaeol^ea  in  excess  of  the  fonner;  the  solution  turns 
blue  when  bsated,  and  the  cobalt  is  precipitated  by  sulphide  of  aDimonium. 

S^dio-mtfric  p^rophovpkaies. — When  a  solntion  at  sodic  p>Topho«jphate  i*  boiled  wilh 
I  ^  feeenti;  precipitstini  cuprio  pyrophosphate,  the  hot  filtered  liquid  deposit ji  a 


white  ciystalline  insoluble  crust,  consisting,  aftei-  drying  at  100*',  of  Na*Cu'P*0»7H»D. 
The  ittpernatant  liquid  slowly  eraporated  over  the  water-bath  yields  a  faintly  bhiii*h 
«T8talfine  «rtist,  also  insoluble  in  water,  and  consisting  of  3NaK:u'l*20\2H»O  (at  100°). 
The  mother-liquor  decanted  therefrom  and  left  to  eraporata  spontann^nslr,  deposits 
Rnt  the  eaceas  of  sodic  pyftjphoaphate,  then  splendid  blue  crystal*  of  the  salt 
KaH:uTMD**.2H*0  (at  100^).  Each  of  these  three  double  salts  melts  at  a  red  heat 
(FleitmannandHennebe  rg).  PersoB,  by  a  roetho^l  not  exactly  deacrihed,  obtained 
the  double  salts  Kii»Cu''P*0'.6H'0  and  Na*Cn-P*0'*.6HK),  which  are  the  same  as  the 
second  and  third  of  those  above  described,  but  with  larger  quantities  of  water,  Persos 
having  analysed  them  in  the  air-dried  stale. 

Sodio^/erric  pyrvphotpkate,  Na«FS*P'»0*'.7H»0  or  2Na*P'OlFe<P^=»  j  7H»0,  aepa* 
rates  in  the  pure  stats  when  ferrie  pyrophosphate,  aiter  being  washed  with  a  quantity 
of  sodic  pyrophosphate  not  sniBdent  to  dissolve  it^  is  heated  and  the  fllirale  mixed 
with  alcohol  (Fleitmsnn  and  Henneberg).  The  same  salt  is  obtuiued  in  solution 
when  pyrophosphate  of  sodium  is  added  to  a  fetrie  solution  till  the  precipitate  at  first 
t&nnfd  is  redissolved.  The  double  salt  is  white  and  very  soluble  in  wati- r.  The  solu- 
tion is  colourless,  and  does  not  taste  like  iron-salu  in  general.  Ammonia  coloure  it 
blood-red,  but  does  not  render  it  turbid ;  suJphydnc  acid  colours  it  brown  without 
forming  a  precipitate ;  sulphide  of  ammonium  precipitates  sulphide  of  iron  from  it  im- 
mediately acconling  to  H.  Eoae,  gradually  according  to  Ftretm.  The  solution  evapo- 
rated to  a  syrup  soon  deposits  ferric  pyrophosphate. 

SMUa-firrous  j^frvphosphaie  h  known  only  in  solution,  as  obtained  by  mixing  a 
ferrous  salt  with  excess  of  sodic  pyrophosphate.  It  oxidises  quicWy  on  etpostire  to 
the  air.  and  the  iron  is  completely  precipitated  from  it  by  sulphide  of  ammonium. 

Sadio-frm^neno  pjfrapkospkaif  is  an  amorphous  precipitate  formed  on  dropping  sul- 
phate of  magnesium  into  a  Doiling  solution  of  sodic  pyrophoj^phate.    (Baer^) 

Sodio^mmomo-manfantHU  pj^tvpkotphaU,  Na(NH*jMn"l«0'.8H*0    acooiding  to 

Oll4>,  NA*rNir*)*Mn*P*0*M2H»0  according  to  BeixeHns,  is  formed,  on  pouring  a 
Botuiiuu  ot  manganous  chloride  mixed  with  ammonia  and  saKammoniaC  into  a  warm 
solution  of  sodic  pyrophosphate,  as  a  whit©  amorphous  precipitate  which  soon  becom«s 
crystalline.  When  somewhat  stnmgly  heated,  it  gives  off  ail  its  ammonia  and  leares 
a  samifosed  mass  baring  an  acid  reaction.    (0  tto.) 

SodiO'plumbic  pyrf>^hotphaU,'Ha?ThT'0^. — White  granular  insoluble  precipitate, 
formed  by  Adding  sodic  pyrophosphate  to  nitnts  of  lead,  and  boiling  the  resulting  pfv* 
ripitate  irith  excess  of  the  sodmm-salt  (Qsrhardt),  The  salt  formed  on  slowly 
adding  nitrate  of  lead  to  excess  of  sodic  pyrophosphate  till  the  precipitate  becomes  per- 
,  also  eoDlains  sodium  but  in  vanable  quantity. 


Bodh-poUusk  fwropkosphati,  Na*K*P»OM2H*0,  is  obtained  by  satoruting  monosodic 
pynvpihOiphite  with  potaasie  «arbopftt«*  The  solution  evaporated  to  a  aymp  solidities 
on  cooling  to  a  p««ty  mass,  coPilftiitg  of  transparent,  slenoer  needbs,  having  the  form 
of  an  obbque  rhombic  prism.  The  salt  dissolves  cosily  in  water,  forming  an  alkaline 
Bolnlion.     (Schwurzenberg) 

3  R<*specting  Fleitmaan  and  Henneberg's  phosphates  of  sodium,  Na*P*0'<  of 
Na*POI.3NaPO»  and  Ka^«P»*0*'  =  Na»P0*.9NaP0«,  see  pp.  fi37,  588. 

Fliospliatea  of  BtronttiLfii*  a.  Metapho$phate, — The  salt  prepared  by  dis- 
solving cnrbouate  of  strontium  in  pbosphoric  acid,  and  heating  the  evaporated  residoe 
to  S16<*,  is  a  white  foitJor,  inwolable  in  wat^r  and  in  dilute  acids,  decomposed  by 
strong  sn^hnric  acid.  „ 

0.   Orth  op  h  0  up  kate  *.— The  di-gtronik  §aH^  Sr'H*P*0'  obtained  by  precipitation. 
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if  a  white,  amorphoiu,  tuteless  powder,  inaoluble  in  pore  water,  but  soluble  in  ' 
containing  ammoniacal  salts  or  free  adds  ;  notdecomposed  by  aqueons  alkalis.  When 
heated  before  the  blowpipe  it  melts  to  a  n^te  enamel,  exhibiting  phosphoresoenee.  A 
solution  of  chloride  of  strontium  incompletely  precipitated  in  the  cold  with  an  alkaline 
phosphate  yields,  according  to  Eiihn,  a  mixture  of  distrontic  and  monostrontio  salt. 

Strontio-potassic  orikophorphate,  SiTKPO*,  and  atrontio-^odic  orthophotphate, 
Sr^NaPO",  are  formed,  according  to  Rose,  by  ignition  1  at.  pyrophosphate  of  strontium 
with  1  at.  carbonate  of  potassium  or  sodium,  and  washing  out  the  mass  with  water;  but 
the  double  salts  are  for  the  most  part  decomposed  by  the  water,  the  residue  always 
containing  neutral  phosphate  of  strontium. 

y.  Pyrophoipkate,  Sr*PK)MI*0  (at  100®).— Obtained  by  precipitation  as  a  white, 
amorphous  powder,  which  gradually  becomes  ciystalline  when  warmed  in  the  liquid. 
It  is  nearly  insoluble  in  water,  quite  insoluble  in  acetic  acid,  but  easily  soluble  in  die 
stronger  acids.  It  gives  off  its  water  when  heated  shove  100®  (Schwaraenberg). 
The  precipitate  formed  on  gradually  adding  nitrate  of  strontium  to  a  boiling  solution 
of  sodic  pyrophosphate,  appears  to*  be  a  mixture  of  the  pure  strontium-salt  with  a 
double  salt.    (Baer.) 

Vlioapliato-tAiitalle  AoUL  A  solution  of  tantalic  acid  in  sulphurio  or  hjrdro- 
ehloric  add  yields,  with  strong  aqueons  phosphoric  add,  a  white,  opaque  jelly.  Tan- 
talie  oxide  heated  with  phosphoric  oxide  forms  a  colourless  glass. 

yiieapliate  of  TeUniimii  is  a  white  powder,  insoluble  in  water.    (Berselius) 

Vhospliate  of  Ttaallivm.  A  hot  solution  of  nitrate  of  thallium,  mixed  with 
excess  of  phosphoric  add  and  then  with  ammonia,  forms  a  crystalline  predpitate, 
probably  consisting  of  trt^Ao/^fcpAofpAa^,  Tl'PO*,  inasmuch  as,  when  boiled  with  nitrate 
of  silver,  it  yields  yellow  phosphate  of  silver,  without  rendering  the  solution  add. 
1  pt  of  this  salt  dissolves  in  201 '2  pts.  of  water  at  16®  and  in  149  pts.  at  100®.  It 
is  sparingly  soluble  in  acetic  acid,  but  dissolves  easily  in  nitric  add.  When  heated  it 
malts  to  a  brown  liquid,  which  becomes  orange-yellow  on  cooling,  and  finally  solidifies 
to  a  white  ciystalline  mass  (Crookes,  Chem.  Soc.  J.  xvii.  136  ;  Chem.  News,  ix.  37). 
Lam^  (Jahresb.  1862,  p.  186),  who  probably  obtained  an  add  phosphate  of  thallium, 
states  that  it  is  soluble  in  water  and  crystallises  from  a  dilute  solution. 

VhosplMte  of  Tlioiiiiiiiii.  Flocculent  nredpitate,  forming  a  white  powder  when 
dry,  insoluble  in  water  and  in  phosphoric  add,  melting  with  difficulty  before  the  blow- 
pipe.   (Berzelius.) 

yiieapliatea  of  Tin.  Stannic  oxide  forms  with  excess  of  phosphoric  add  a  salt 
containiuff  2SnO'.PH)«.10HK)  (Haeffely,  Fha  Ma^.  [4]  x.  290).  Stannic  phosphate 
U  insoluUa  in  nitric  add,  a  proper^r  on  which  is  founded  Beynoso*s  method  of 
separating  phosphoric  add  from  bases  (p.  644). 

Stannous  phosphate,  3SnO.F*0*  or  Sn'P'O",  according  to  Kuhn,  is  formed  on  mixing 
•tannous  chloride  with  ordinary  phosphate  of  sodium,  as  a  white  predpitate^  insoluble 
in  water  after  drying,  but  easuy  soluble  in  mineral  adds,  and  melting  to  a  vitreous 
mass  before  the  blowpipe.  According  to  Lenssen  (Ann.  Ch.  Pharm.  cxiv.  113; 
Jahresb.  1860,  p.  183),  tne  composition  of  the  predpitate  varies  with  the  proportion 
in  which  the  solutions  are  mixed.  When  a  solution  (^  disodic  orthophosphate 
•eidulated  with  acetic  acid  is  added  to  a  large  excess  of  concentrated  solution  of 

■tannous  chloride,  a  precipitate  is  formed  containing,  when  air-dried,  Sn'P'0*J3n''CI*. 
2HK),  and  not  decomposed  by  hot  water ;  but  when  the  phosphate  of  sodium  is  in 

Meess,  the  air-dried  predpiute  conUins  Sn«FO*.S  n1PP*0'.3H*0.  This  sslt  remains 
vnaltrnd  at  100®,  but  is  decomposed  at  a  red  heat^  yielding  metallic  tin,  stannic 
ooride^  and  phosphoric  add. 

Whomjglbmtm  of  Tttanlmn.  Tetrachloride  of  titanium  forms  with  phosphoric 
add  a  white,  bulky,  flocculent  predpitate,  which  dries  up  to  a  gummv  shining  mass, 
insoluble  in  water,  but  soluble  in  excess  either  of  phosphoric  acid  or  of  titanie 
chloride.  • 

Vhoapliatoa  of  Vrmaiiim.  a.  Uranic  Orthophosphates. — The  oompodtaon 
pf  these  phosphates,  ss  of  other  uranic  salts,  is  most  eadly  represented  by  regarding 
them  as  containing  the  diatomic  radide  uranyl,  UK)*.    (See  Usahiuk.) 

The  monouranylic  salt,  (XJ*0»)"H*PK)«.3H*U,  is  obtaineid  by  digesting  uranic  oxide 
with  phosphoric  add  and  boiling  the  mass  with  water.  The  yellow  liquid  thus 
obtained  yields,  by  evaporation  over  sulphurio  add,  lemon-yellow  crystals,  which  give 
•ff  part  <^  their  water  at  a  gentle  heat,  becoming  dull  and  lig^t-yellow ;  the  rest  dt 
Ijba  water  goea  off  at  a  red  heat,  and  the  remaining  dry  aalt  does  not  meh  even  when 
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Trry  itroogljr  heated.  Wnter,  csfpcdally  if  hot^  Abstncta  put  of  th«  phosphoric 
■cia* 

The  di-untnylus  aali,  {u*O*)'H*P*0*t  is  obtained  in  combination  with  T&riona 
quantities  of  water  aooorduig  to  the  mode  of  preparation  adopted.  When  nranic  oxide 
ii  digested  with  a  snffieieiit  quantitjr  of  phosphoric  acid,  and  the  prodact  waabed  with 
water,  a  tri*hydratc,  ^U'*0»)'S«P*0l3H*0,  remains  as  a  light  yeUow  amorphous 
powder,  which  gives  off  its  water  of  crystallisation  between  12<>°  and  170",  and  the 
basic  wat*r  at  a  red  heat»  leaving  the  pyrophosphate  {U*0*)"PK>'.  A  hexhydr ate, 
(U*0*J*H^*0'.6H*0,  is  obtained  by  pr^pitating  nranic  nitrate  with  orrlinary 
pboapnate  of  sodinm.  Th*^  precipitate,  after  washing  and  dryin?,  is  a  light  yellow 
•Hghtty  eryitalline  powder,  which  gtres  off  its  water  of  cryfitalhaation  at  120^>  the 
baiic  water  at  a  f*d  heat  The  oetohydrate,  (U'0»)TI'F0r8H*0,  k  obt4une<l  by 
adding  pboaphorie  add  to  anuiio  acetate  as  long  as  a  prednitate  forma.  This  pr^'cipt- 
tate^  when  washed,  is  crystalline,  and  somewhat  darker-coWrcd  than  the  trihydratt*. 
It  gives  off  2  at  water  at  60^,  and  th«»a  exhibits  all  the  properties  of  the  hexhydrate. 

The  tH'Uranylic  «all,  or  nttard  uranie  pkoaphatf,  3U*(>».P'0*  or  {i^H}^^F*0\  baa 
not  been  obtained  in  the  pore  itat«.  Th«  lighi  y«'lJr>w  precipitate  formed  on  mixing 
nranic  nitrate  with  an  eqniTideDt  quantity  of  tri«4jdic  phosphate  uppesjs  to  consist  of 
6U'0'.H«0.aP*0'  +  aq.  or  (U»0«)'P*0».iUK)«>=*ll*P-OrH^O,  Wheu  a  larger  qaautity 
of  trisodic  phosphate  is  added,  bnt  not  sufficient  to  rediesolve  the  precipitate,  a  double 

salt  is  formed  contiuning  ^j^^^*|  2PH>\3H'0  or  (U»0»)»PK>',(UH:)')>Na«P»0*3H3^ 

This  salt  is  a  dark  yellow  coherent  powder,  insoluble  in  water,  decomposed  by  acetic 
acid,  which  dissobea  out  soda  and  mnmc  oxide.  (Werther,  Ann,  Ch.  Fharm. 
Ijmii.  3120 

aUao-uranic  Pho*phUe,^^j^i  1?*0^,$W0  or  (l}*0«)=Ca'P*0'.8H'Ov— This  com- 
pound occurs  natiTe  as  nranite  (also  called  lime  uranitr  and  uranium  mica)  in  di- 
metric  crystals,  having  the  principal  axis  »  2*1  Id  ;  P:  P  (termiiuii)  »  96'^,  46'; 
P  :  P  (basal)  *.  143°  2**  OnHnaty  combination,  oP  .  P ,  a>P,  the  face  oP  being 
mostly  predominant,  and  giving  the  cryiitnls  a  tubuUir  form.  Cleavage  perfect 
parallel  to  oR  Hardness  r=  2  to  26.  Specific  gruvify  -  305  to  319.  Colour 
citron  to  snlphor-yeUow.  Lustre  of  oP  pearly,  of  other  faces  snbadamantine.  Trans- 
parent  to  subtransluoent  Fracture  nut  ob»ervabJe.  Sectile.  Laminse  brittle  and 
not  flexiblf*.  B«rforo  the  blowfji|>it  it  melts  to  a  blackish  semi^crystalline  mass. 
Dtssolves  with  yellow  colour  in  nitric  acid. 

The  flntt  of  the  following  analyses  is  of  nranite  from  Autun  by  Berselius  (Pogg. 
Ann.  i.  374) ;  the  second  by  Werther  {tfk^,  cit,}, 

PH>»  U'-0»         Ca-'O       Ba''OMg-OandMn''OIPO    SnO* 

)6'20         6173         6-38         1*57  0-20  15-48     0-08     *     10012 

H*00        83-28         6-86         1*03  .  ,  14*30       ,  .      ^       98*47 

The  formuLi  above  given  r«qnir«e  16*6d  FH}\  82*66  VH)*,  6*13  Ca*0,  and  16*76 

wafer 

Uranite  oocurs  in  the  Siebengabifgo ;  at  Johat^eorgenstadt  and  Eibenatock  in  Saxony ; 

on  Wolf  Island,  I^ke  Onega,   Busaia;  near  Limoges  and  at  3L  8vmphorien   near 

Antun;  also  at  Chesterfield^  Mas— chnsctta ;  Adcwc^,  New  Hampshire ;  and  on  the 

SchnykftU  near  Phikdelphia, 

Cuprico^uranie  Phofphatf,  ^^{pK)».8HH)ir{<k>«)K:tt''P«0»JH<0.— This  com- 
pound occurs  native  as  chalcolite  (also  called  copper-uromte  and  iurheriU),  a 
mineral  isomorphous  with  nranite.  Hardness  »  2*26.  Specific  gravity  3*6  to  3*6. 
Colour  emerald  and  other  shades  of  green.  Streak  somewhat  paler.  The  other 
physical  properties  are  hke  those  of  nranite.  Before  the  blowpipe  it  melts  to  a  black 
mass,  colounng  the  flame  btuish-gre^su.  Giveii  with  borax  a  green  glass^  sometimes 
becoming  reddish-brown  in  tha  red  action -flume.  Dissolves  in  nttric  add  with 
yeUowish^grern  colour. 


Analyses  of  ehalculite  from  Cornwall : 

p»0»         U*0'        CirO  HK) 

16*67         61-39          8*44  16  06 

14*34         6903         8*27  16*39 


=    100-46  Berzelios. 
-     97  03  Werther. 


The  formuU  requires  1616  P=0*,  61*00  IPO*,  8-48  Cu'O,  and  15  36  water. 

Chalcolite  Is  found  at  Gtinnxs  Lake  near  Callington,  also  near  Hedruth,  and  elsewhere 
in  Cornwall;  at  Johangeorgenstadl,  Eihcnstock,  and  Schneebei^  in  Saxony;  at 
Joachimsthal  and  Zinnwald  in  Bohemia  ;  and  at  Viebalm  in  Belgium. 
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Debrsy  fJahzesK  1660»  p.  73)  has  obtnined  crystala  hating  the  form  and  cumpo- 
sition  of  chalcolite,  by  mixing  a  solution  of  acid  cnpric  phosphate  with  nranic  nitxata. 

$.  Utanous  Orthophosphati,  tJ"HPO^HK).^Oidinaiy  phosphate  of  sodSvm 
added  by  drops  to  uranous  chloride  forms  a  men  gelatinous  precipitate,  insoluble  in 
water.  When  recently  precipitated  it  dissolves  in  strong  hydrochloric  add,  and  is 
separated  therefrom  by  water ;  after  drying  it  no  longer  difisolres  in  adds.  Ammoiiia 
has  scarcely  any  action  apon  it;  melting  potash  withdraws  almost  all  the  phosphorie 
oxide. 

y,  Uranio  Pyropho$phate^Bm3lx:^^  when  recently  predpitated,  but  cakes 
together  if  left  on  the  filter  for  a  few  days,  forming  a  xety  friable  mass  with  condioidal 
fracture. 

Sodio-uranic  Pyrophosphate. — Predpitated  nranie  ^yropihoepliate  diasolTes  ui 
excess  of  sodie  pyrophosphate,  forming  a  yellow  solution,  whieh  yields  tio  enrstals  ersa 
when  eTaporeted  to  a  syrup ;  the  nraninm  is  not  predpitated  from  it  dther  by  enl^phy- 
dric  add  or  by  sulphide  of  ammonium. 

Pliospliatea  of  Vanadliaiii*  Yanadic  dioxide  dissolves  in  aqueous  phosphorie 
acid,  formine  a  blue  solution,  which  when  evaporated  at  temperatures  below  50^  yields 
small  blue  deliquescent  crystals,  easily  soluble  in  water,  insoluble  in  aleohoL  whea 
heated  they  give  off  water,  leaving  a  loose  spongy  mass  reeembline  burnt  alum,  aad 
caking  together  at  a  white  heat  to  a  black  substance  no  longer  soluble  in  water. 

PlZspMUo^vanadio  acid, — ^Vanadio  anhydride  (trioxide)  dissoltee  in  aqueous  phos- 
phoric add,  forming  a  red  solution,  which  when  evaporated  leaves  a  red  delitescent 
saline  mass.  Vanadic  phosphate  heated  with  a  sufficient  quantity  of  nitric  aad  forms 
H  red  solution,  which  deposits  on  evaporation  a  lemon-yellow  crystalline  crusty  solnbte 
with  yellow  colour  in  water.  The  crystahi  when  heated  gire  off  water  and  turn 
light  yellow.  A  solution  of  vanadic  phosphate  and  sodio  phosphate  in  nitrie  neid 
becomes  colourless  when  evaporated,  and  depodts  veUow  crystalline  grains  which 
dissolve  slowly  in  water,  forming  a  yellow  solution  wnich  dries  up  on  evaporation  to  a 
yellow  varnish-like  mass. 

A  compound  of  phosphoric,  vanadic,  and  silide  anhydrides  containing,  according  to 
Berzelius,  3SiO«.2VaO*.2P«0*.6H«0,  was  obtained  from  the  refinery  sLir  of  the  taberg 
iron  works.  It  may  be  produced  by  dissolving  silicate,  vanadate,  and  phosphate  of 
sodium  in  nitric  acid,  evaporating  to  a  pulp,  and  washing  with  cold  water,  tt  then 
remains  in  nacreous  scales,  which  when  heated  give  off  water  and  acquire  a  straws 
yellow  colour.  It  is  easily  soluble  in  water,  whence  it  crystallises  unaltered  on  evapo 
ration.  The  solution  is  coloured  green  by  nitric  peroxide  and  other  redudng  agents, 
and  yields  with  carbonate  of  ammonium  a  predpitate  of  gelatinous  silica. 

Vhonpliate  of  TtCHmii.  y4«0«.6H"0  *  3Y''O.PO*.6H»0.— DIsodicorthophoe- 
phate  added  to  the  solution  of  an  yttrium-salt  throws  down  an  amorphons  pre- 
cipitate, which  by  prolonged  washing  with  water  is  resolved  into  a  soluble  add  salt, 
and  an  insoluble  neutral  salt  having  the  composition  just  given.  (Popp,  Jahresb. 
xvii.  204.) 

Tri-yttric  phosphate  likewise  occurs,  together  with  cerous  phosphate,  as  xenotime, 
in  dimetric  crystals  P  .  ooP,  having  the  principal  axis  s  0*6201 ;  angle  P  :  P  (teAni- 
nal)  »  124<'  26^ ;  P  :  P  (basal)  «  ^7^  Z(f.  Cleavage  ipeitefA,  parallel  to  oe^.  Hard- 
ness a  4  to  5.  Spedfic  gravity  »  4*39  to  4*65.  Lustre  resinous.  Colour  yeHcnrish 
brown  to  flesh-red.  Str^  ptuer.  Opaque.  Fracture  tmeven  and  spUnteiT.  It  it 
infusible  before  the  blowpipe ;  with  borax  it  slowly  forms  a  dear  glass,  whiea,  with  a 
larger  quantity  of  the  mineral,  becomes  turbid  on  cooling ;  in  microcoamio  salt  it 
dissolves  very  slowly.    It  is  insoluble  even  in  strong  addfi. 

Analyses,^-^,  From  the  FlekkeQord  in  Norway:  spedflc  gravity  4*557  (Berfelini, 
Pogg.  Ann.  iii.  203).— 5.  From  the  same  locality;  specmc  gravity  4*45  (Zsehtw, 
Rammdsher^B  MineralchenUe^  p.  321). — c.  From  the  gold-washings  at  CUlkttflle^ 
Georgia :  specific  gravity  «  4*64  (Smith,  SilL  Am.  J.  xviii.  377) : 


I«0» 
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Fe«0« 

SiO« 

a.  33-49« 
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,      , 
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.   .      -     100 

*.  30-74 

60-25 

7-98 

,  , 

.   .      «       98*97 

c.  32-45 

54*13 

1103t 

206 

0-89     «     100*56 

Outelnaitdite,  oocmningin  erystals  (apparently  dimetrie)  and  gralni^  in  the  diamond 
sand  of  Bahia,  consists  miainly  of  phosphate  of  yttnunu  Damour  (Institnt  "^^  78) 
found  in  a  sample  having  a  spedfio  gravity  of  4*39,  31*64  per  cent  FK)*^  60*40  yttzia, 
7*4  titanic  oxide  and  ziroonia,  1*2  uranic  and  fezrio  oxides. 

•  With  trace  of  fluorine.  f  With  tuthanun  and  didynloB. 
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off  XlDO*  «.  Metaphcsfhatt  §. — Vftkeo  a  nno-solt  ii  treated  with 
photpborio  aetd  in  the  ■«&«  ma&ner  u  fcxr  me  prepaimtion  of  cnprie  di-meUpbospliEttf 
(p,  Ao)t  the  hmm  on  iktw  eoaling  yitiUdB  indlstiDet  oyitala  of  xine-dioaetaplioipJiate, 

^flp«0it  ji  |g  insoltible  in  water,  and  is  Dot  decompoAed  lij  dilute  aqueous  acids  or 
alkalis,  or  bj  nilphida  of  ammonium.  When  treated  with  strong  snlphuric  acid  or 
fkued  with  an  alladiiie  carbonate,  it  jidds  orthopbosphorie  acid. 

A  mixture  of  aqueous  sinje-ehloride  and  ammonium-dimetaphosphata  yields  the 
(nrdriited  salt  Zd'P^**.8H^0  in  small  transparent  crjstals,  insoluble  in  wutfr,  but 
decompoi«)d  by  boiling  therewith.  The  water  of  crystaliisalioD  ts  not  complot«lj 
expeUed  below  a  red  beat,  and  the  salt  does  not  mfU  even  at  a  bright  red  heat.  The 
ootLititution  of  the  salt  doea  not  appear  to  be  altered  by  beating,     ( F 1  e  i  t  ma n  d.) 

0.   Orthophotphaie », — The  monosmeie  or  acid  photphaU  is  formed  by  dissolTing 
Jnc,  or  th<*  carbonate  or  phosphate  of  sine  in  cxoeeaov  p* 
It  is  a  gnmmy  mass  which  melts  in  the  Are  to  a  tran; 
quaatityof  alkali  b  added  to  its  aqneous  solution, 


insDai 

,  the 


e  neutral  salt  tA  deposited. 


abc,  or  th<*  carbonate  or  phosphate  of  sine  in  cxoesa  of  phosphoric  acid  and  er&porating. 
a  gnmmy  mass  which  melts  in  the  Are  to  a  transDarent  gbiss.     When  a  smnU 
quaatityof  j  "   **  * 
(WenseL) 

The  di^mdc  salt,  ^^|  P'0*.2H=0  or  Zi»H'P*O*.2H«0.  is  depositad  in  shining 

laminae  on  mixing  a  solution  of  3  pts-  of  zinc-sntpbate  in  82  pts.  of  hot  water,  with  a 
solution  of  4  pts.  of  eiystallised  disodic  ortbopho«phi\to  in  32  pts.  of  hot  water.  The 
exystala  do  not  lose  water  at  100^;  but  at  a  temperature  below  Ihe  mehiug  point  of  tin 
they  gire  off  2  at  water,  retaining  their  lustre  ;  at  a  red  heat  the  dnhydrated  salt  fuges 
and  gives  off  its  basic  water.     (Graham.) 

The  insinne  or  nruiral  tait,  3ZnO.P>a».2H*0  or  Zn»Pm2H*0.  is  precipitated  on 
miziBr  a  soiutiou  of  a  cincsalt  with  disodic  orthophoKphar^,  the  Bupernutant  liquid 
beooBung  Rcid,  When  the  solntiona  are  dilute  and  mixed  in  the  cold,  a  translucent 
jellj  is  at  first  produced;  this,  howerer.  soon  becomes  opaque,  and  a^Kiegates  into  a 
flae  white  crystalline  powder.  If  the  solutions  ai*»  mixcNi  boiling  not,  no  jelly  is 
produced,  but  the  pulverulent  precipitate  is  formed  at  once  and  hasUie  same  composi- 
tion. The  same  compound  is  doubtless  formed  on  digesting  carbonate  of  aine  with 
Noueous  phosphoric  actd  not  in  excess.  It  is  a  white,  cTjstalline,  tasteless  powder 
which  melts  easily,  forming  a  transparent  and  colourless  gla«s.  It  is  insoluble  in 
water,  Bulublfi  tn  adids,  likewise  in  ammonia  and  in  carbonate,  sulphate,  chloride  and 
nitmte  of  ammoniam — in  the  last  three^  however,  with  slight  turbidity. 

Th*'  same  salt  with  6  at.  water  sepiirates  in  Lifge  flat  prisms  and  Ismiruc  when  A 
solution  f^f  the  and  sine -salt  is  mixea  with  sbsolute  alcohol    (Rcynoso.) 

Ph4}^phaif  pf  Zinc  and  Ammonium. — When  a  solution  of  sulphate  or  chloride  of  zini? 
is  precipitated  with  phosphate  of  ammonium  containing  free  ammonia,  a  white,  bulky, 
floecnlent  precipitate  is  formed  which,  when  dig<*stcd  in  the  liquid,  becomes  crystiilline 
aftf^r  the  ft»e  ammonia  has  escaped.  The  dry  salt  is  a  white  powder,  insoluble*  in 
wntpr,  hut  soluble  in  scids  and  in  free  potash,  soda,  or  ammonia,  \U  composition 
appears  t.0  be  intermediate  between  Zn*(XH*)»P»0».2H«0  andZn»(NH«)*P»0».Zo*H*0», 
2H»0.     (B*^t  te,  Ann.  Ch.  Pharm.  xv,  r29;) 

7.  Pjfropho*phate  of  Zinc  is  formed  by  precipitating  a  sine-salt  with  pyro- 
phosphate of  eodmm.  The  precipitate  is  decomposed  by  boiUng  with  ordinajrv  phos^ 
phntc  of  sodium,  yielding  ordinary  orthophosphiite  of  sine  and  pyrophospnate  of 
sodium  (Stromeyor).  Tlie  salt  precipitated  as  above  forms  a  white  bulky  ma^^, 
which  in  diying  shrinks  up  like  hydrate  of  aluminium.  If  it  be  suspended  in  Wi&t<  r, 
and  sttlnhuroui  acid  gas  passed  through  the  liquid,  the  whole  dlssolvt^,  and  the  solu* 
tion,  when  boiled^  yields  the  salt  in  tho  form  of  a  heavy,  white,  beautifully  crystalljiio 
powder  consisting  of  2Zn*PO'.3H*0.  Both  the  amorphous  and  the  ciystalline  siilt 
dissolTc  in  ncids  and  in  caustic  potash ;  amnumia  likewise  diswidves  the  salt,  and 
alcohol  added  to  the  solution  throws  down  a  syrupy  mass.     (Schwarzenberg.) 

ZtncO'Ommonic  pyropkosphale  is  obtained  as  a  white  pulverulent  precipitate,  on 
adding  pyrophosphate  of  sodium  to  a  solution  of  zinc-chtoride  mixed  with  ammonia  an  J 
&ul-«inm<  «ni;n'.     (Be  tic.) 

iPboaptiato  of  K|r«otiltim,  aZrO'J^O*  or  (ZT*OyTH)^,  is  jpfecipttated  on  mixing 
a  soluble  airconium-salt  with  free  pfaosphorio  S4ud  or  an  alkaline  phosphate;  in  the 
former  case  part  of  the  salt  remains  in  solution,  but  may  be  predptlated  on  addition  of 
lunmonia.  The  precipitate  is  a  gummyf  translucent  masSv  like  hydrate  of  aluminium, 
reauumn^  translucent  when  dry.  It  is  insoluble  in  water,  somewhat  solable  in  free 
pbospbone  acid. 
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Aleoholie  Phosphates  :    Phosphoric  Ethers, 

Each  of  the  three  hydrogen-atoms  in  orthophoephoric  add  maj  be  replaced  bj  aleo- 
hol  radicles,  giving  rise  to  acid  and  neutral  ethers  analogous  to  the  metallic  phoi^Eatei. 
Tliere  are  also  several  sulphophosphoric  ethers,  having  the  composition  of  orthophoa- 
phoric  ethers,  in  which  the  oxygen  is  more  or  less  replaced  by  sulphur.  A  neutzal 
pyrophosphate  of  ethyl  is  also  known,  but  no  metaphoephoric  ethers  have  ^et  been 


obtained.  In  connection  with  these  alcoholic  phosphates  may  also  be  mentioned  an 
acid  consisting  of  phosphoric  acid  in  which  the  hydrogen  is  partly  replaced  by 
acetyl. 

PHespliates  of  Amyl  or  Amyl-pliosplioiio  Btliers.  Two  of  these  com- 
pounds  are  known,  viz.  mono-  luid  di-amylphosphoric  acid ;  the  neutral  ether  has 
not  been  obtained. 

1.  Amylphosphoric    acid,     C*H»"PO*    -    (C»H")H*PO«    -     (0»H»«)VO«. 

H«  j 
(Guthrie,  CheoL  Soc.  Qu.  J.  ix.  134.)— This  ether  is  prepared  by  minng  equal 
"weights  of  syrupy  phosphoric  acid  and  amylic  alcohol,  leaving  the  mixture  in  a  warm 
place  for  a  day,  neutralising  with  carbonate  of  potassium,  evaporating  over  the  water- 
bath  to  dryness,  dissolving  in  strong  alcohol,  and  eTaporating  repeatedly  (whereby  the 
potaasium-salt  is  obtained),  then  precipitating  b^  acetate  of  IcAd,  filterinff  and  washing 
(whereby  the  lead-salt  is  obtained),  precipitating  the  lead  by  sulphycbic  add,  then 
filtering,  and  evaporating  in  vacuo. 

It  is  a  colourless,  transparent,  crystalline,  deliquescent  mass,  easily  soluble  in  water 
and  in  alcohol,  but  insoluble  in  ether.  It  bears  the  heat  of  a  water-bath  without  de- 
composition. When  heated  in  the  flame  of  a  lamp  it  bums  with  a  white  flame, 
leaving  a  residue  of  phosphoric  acid.    It  is  a  strong  acid,  and  decomposes  carbonates. 

The  amylphosphates,  CH^M'PO*,  are  all  anhydrous  at  100°:  those  of  the 
alkali-metals  are  soluble  in  water ;  the  rest  are  insoluble  or  sparingly  soluble,  and  may 
be  prepared  from  the  potassium-salt  by  double  decomposition.  They  all  dissolTe 
readily  in  nitric  or  hydrochloric  acid,  and  bear  the  heat  of  the  water-bath  without 
decomposition. 

The  |K>toMtU9n-«a/^,  G*H*'K70^  prepared  as  above,  is  tenadous,  finely  crystalline, 
transluoenty  and  deliquescent ;  vields  amyl- alcohol  when  heated  in  a  tube.  A  solution 
of  this  salt  subjected  to  electrolvsis  yields  at  the  positive  pole,  carbonic  anhydride  and 
oxygen,  and  an  add  liquid  smelling  of  valeric  or  butyric  add,  while  Uie  liquid  at  the 
negative  pole  gives  off  hydrogen,  but  remains  odourless,  showing  that  no  amyl- 
compound  is  there  eliminated. 

The  ammonium-salt,  C*H"(NH*)*PO*,  obtained  by  direct  neutralisation,  or  by  de- 
compc^g  the  copper-  or  lead-salt  with  sulphide  of  ammonium,  resembles  the 
potassium-salt. 

The  barium-^alt,  C*H"BaTO\  is  predpitated  in  white  scales  haying  a  silky 
lustre. 

The  lead-salt,  C»H"Pb'TO«,  dried  at  lOO©,  is  a  bulky  white  anhydrous  powder. 

The  coj^per-salt,  C^H^'Cu'TO*,  is  almost  white  when  first  predpitated,  butgrsdnally 
turns  bluish,  and  in  the  dry  state  forms  a  light  blue  amorphous  powder. 

The  silver-salt,  O^H'^Ag^PO*,  is  a  white  bulky  predpitate,  which  turns  gre^  on  ex- 
posure to  light,  and  is  decomposed  by  long  boiling  witJi  water,  yielding  metallic  sQter. 

When  heated  on  platinum-foil»  it  turns  yellow  and  leaves  pyrophosphate  of  silrer. 

(POT) 

2.  Diamyl-phosphorio    acid,    C'»H"PO<   -  (C*H»»)«nPO«  -    ((}»H>»)PVO«. 

(Fehling,  Handw.  d.  Cbem.  i.  793.) — This  compound  is  prepared  by  adding  1  pt 
pentachloride  of  phosphorus  Tery  gradually  to  1^  or  2  pts.  of  amylic  alcohol,  nee 
of  temperature  being  checked.  The  product  is  heated  in  a  retort  to  expel  the 
simultaneously  formed  chloride  of  amyl  and  hydrochloric  add,  then  thrown  into  water 
saturated  with  carbonate  of  sodium,  and  shaken  with  ether;  the  ethereal  solution  of 
amylic  alcohol  is  removed,  and  the  diamyl-phosphoric  acid  isolated  by  adding  hydro- 
chloric add.  The  add  so  formed  contains  two  additional  atoms  of  water,  whica  are 
removed  by  drying  over  sulphuric  add  in  vacuo. 

Diamylphosphorio  add  is  an  oily  liquid  of  specific  gravity  1*026  at  20^,  but  floating 
in*hot  water.  It  is  nearly  inodorous,  out  has  a  strong  add  taste.  It  is  nearly  inso- 
luble in  water,  but  dissolves  easily  in  alcohol  and  ether.  It  is  permanent  at  otdinsiy 
temperatures,  but  decomposes  when  distilled,  yielding  amylic  alcohoL  When  boUed 
with  water  it  also  yields  amylic  alcohol,  and  the  residual  liquid  probablj  oontaiBS 
mono-amylphosphoric  acid. 
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DiftmTlphovphoric  ftcid  ii  a  Btrcng  acid,  and  tatsmiM  bues  c<)nip1#teljr.  Th« 
diamylphoaphftteii,  (C*H*»7MP0*  and  (OH»»)^M*P«0*,  an?  all  anbydrous,  and  aw 
deeompcMed  by  boiling  urith  wat^if,  gif ioi}  off  aiuyl*alcohol»  and  apparently  being  cou' 
TrrtM  into  monoHiinjIpboiiphatcfi.  The  di-amylpho^pbafes  of  tw  alkali-metaU  are 
T«ry  soluble  in  water,  and  mtiinin  as  ancrystamBiible  unctncniii  masies  wbeo  th«ir 
folutions  are  eTsporaUd  ;  thoae  of  the  alkaline  earth-metals  are  bttt  slighily  soluble  in 
wat«r,  more  aoliible  in  alcohol.  The  aqtieoiu  noluiions  give  predpitatej»  with  plumbic, 
capric,  mangaQons,  merctuons  Baltti  &c  The  following  aalte  hare  been  examined  by 
Marx  and  Lemppenaa. 

The  barium-falt,  (0*H^i)*Ba'T'0",  obtaJn^Hl  by  digesting  the  aqaeons  add  with 
c«rboDate  of  barinm,  and  eTaporating  in  Tactioorat  a  gentle  hent,  forma  ailkj^  asbestoa- 
like  maaaee  of  enretala. — The  calcium-'tati,  prepared  in  like  manner,  is  a\so  crystalline, 
— ^The  eopper-sali  is  a  greeniah-blue  precipitate,  eoft  and  tinctnous  when  dried, — The 
ferrie  saii,  (C*fl'*)'Fe"T*0",  obtained  by  pr^eipitatioa.  is  a  wbitiah  powder,  insoluble 
in  water  and  in  alcohol —The  Lad-mii,  (C*U")*Pb"P'0",  obuiined  by  precipitntiog 
the  ammonium-aalt  with  acetate  of  lead,  ia  a  looeely  coherent,  curdy  prcMnpitatf>, 
insoluble  in  water  and  in  alcohol.  Bypredpitating  with  exceat  of  lead-acetate,  a  dense 
pnlvenilent  precipitate  ie  formed  oonaiating  of  a  basic  salt,  (C»H"*)*Pb''P*C>*.rb"Il*0*. 
— The  menmtHms  tali  obtained  by  precipitation  appears  to  decompose  in  drying,  and 
then  forma  a  grey  powder. 

Ethfflk  diam^tphMpkaU,  (C*H*)(C*H^*>*PO*,  appeara  to  l>e  formed— 1.  By  heating  a 
eolation  of  diamylphoaplioric  acid  in  3  or  4  pi m.  utcohol  of  9d  per  cent,  in  a  sealed  tubr 
to  1R(P ;  on  treating  tne  contfltnta  of  the  tube  with  aqneooa  carbonate  of  sodium,  a 
mobile  liquid  separate*,  haTing  an  ethereal  odour, — 2.  By  heating  diamylphosphate  of 
fiilrer  with  iodide  of  ethyl  to  100^. 

Triamylie  Phosphate  or  Neutral  Phosphate  of  wlmy/,  (C»H")*PO<,  has 
not  been  obtained  purc«  but  sppearB  to  be  fanned  by  heating  dlarg«iitic  amylphosphate 
with  chloride  of  amyl  to  19(P  in  a  aealed  tube : 

C*H"Ag*PO*   +   2C*H"C1     .     5L4gCl  +   (C*H*»)>PO\ 

On  treating  the  prodact  with  alcohol  and  mixing  the  decanted  solution  with  water,  an 
ethereal  liquid  separates^  haTing  an  odour  quite  different  from  that  of  amy  lie  alcohoL. 
(Gnthrie.) 

atbylle  Pboaptiatea.  Btby'liiliospborlo  Btliera,  Four  of  these  compounds 
are  knuwii,  nam<  ly.  th<^  throe  ortbophoftphates  of  ethyl  aod  the  ncatral  pyrophosphate ; 
also  sevoral  etilphophosphate&r 

Etstlfhosphobio   Acin,   also   called    Pkotpheikylic  or  Phtmphavinie   acidt 

(por) 

CPH'PO*  «  (C»H*jH^O«    -  CH*  V0».— This  compound  was  diaooTered  by  Las - 

saigne  in  1820  (Ann.  Ch.  Phys.  [2]  xiiL  294),  and  Bsa  been  further  examined  by 
Pelonse  (i^i<  lii.  37),  Liebig  (Add.  Ch.  Phann.  tl  H9),  and  Church  (Proc. 
Boy.  SoQ.  xiii.  620).  It  is  produced  by  the  action  of  phoephoric  acid  on  alcohol  or 
ether,  the  latter  reaction  being  boweter  slower  than  the  former;  also  by  the  action  of 
phoapboric  oxycliloridp  on  aqueous  alcohoL    (S  c  h  i  f  f. ) 

^'f§parati<m. —  1  pt.  of  95  per  oent.  alcohol  is  mixed  with  1  pt.  of  syrupy  orthophoe- 

S boric  or  pyrophoephoric  acid,  the  mixture  heated  for  aome  minutes  to  SO^  or  80°» 
i luted  after  24  honn  with  eight  times  its  bulk  of  water,  and  neutralised  mnih  finely 
pulTerised  carbonate  of  barium.  The  whole  is  boUed  for  a  while  to  drire  off  the  uncom- 
bincd  alcohol,  then  left  to  cool  down  to  70^,  filtered,  and  the  filtrate  left  in  a  cold 
place  that  the  etbylpboapbate  of  barium  may  crystallj*e  out.  From  the  aqueous  solu- 
tion  of  this  salt  the  acid  maybe  obtained  by  carefully  adding  sulphuric  acid  and 
filtering;  it  may  also  be  obtained  by  decomposing  the  lead^aalt  witb  sulpbydric  acid  and 
filtering.  Either  of  these  ftltmtes  eYapomled^  first  orer  the  open  fire»  and  then  over 
oil  of  vitriol  in  tscoo  at  ordinary  tempera  tnrea,  leaT^s  the  concentrated  acid  in  the  fonn 
of  an  oil,  which  neither  dnet  op  nor  decompoaas  when  left  for  a  longer  time  in  vacuo. 
(Pelouie.) 

The  concentrated  acid  is  a  colourless,  inodoroas^  Ttsdd  oi9.  vhioh  reddent  litmos 
strongly,  and  has  a  biting  sonr  taste.  It  deposits  a  few  shining  cryatals  of  the  acid, 
which,  huwerer,  do  not  increase  at  22^.  When  boiled^  it  first  gires  off  ether  mixed  with 
alcohol,  then  ethylene  gas  with  a  trace  of  wine^it,  and  learea  phosphorie  acid  mixed 
wirh  charcoal  (Pelouze),  When  distilled  with  acetate  of  potassium,  it  yields  pure 
acetic  ether.    (Liebig,  Ann.  Ch.  Phnrm,  xiii.  32.) 

The  acid  mixes  with  water  in  all  proportions,  and  may  be  concentrated  by  boiling  up 
to  a  certain  point  without  dev-om^jsition  (Pelouie).  It  likewise  mixca in  all  propor- 
tinns  with  alcohol  and  ether. 
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1(90     PH0SPH0RD8 :  OXIDES  AND  OXYGEN-ACmS. 

Ethylphosphates,  C^*MnPO*.^These  saltB  are  allmore  or  leas  ftolnblffltiii 
and  crystallisable.    The  lead-ealt  is  tiie  least  soluble.  Moat  of  them  haTa  a  raiarimwii 
degree  of  solubility  at  about  40—60°. 

The  ammonium-talt  is  easily  prepared  by  saturating  the  acid  with  ammwria.  Hie 
aqueous  solution  becomes  acid  on  sTaporation,  bat  the  salt  maybe  obtained  in  a  aeni- 
crystalline  form  by  evaporation  in  racno  over  oil  of  vitrioL  When  earefolly  heated  in 
an  oil-bath  it  gires  off  ammonia  as  well  as  water,  but  appears  to  yield  «th^lphosph»- 
mic  acid,  among  other  products.         ^ 

Arteniotis  ethylphosphate,  (0*H*)"A8'PK)",  is  obtained  in  beautifiil  feaihaij  crji- 
tals  by  dissolving  arsenious  anhydride  in  the  boiling  aqueous  acid  and  evi^wratiag ; 
also  by  warming  a  mixture  of  arsenious  chloride  and  an  equivalent  quantity  cf  anhy- 
drous ethylphoephate  of  lead  (or  silver),  exhausting  the  mass  with  warm  water,  and 
evaporating  the  filtrate.  This  latter  method,  however,  is  not  so  good  as  the  IbnMr, 
as  tne  salt  is  slowly  decomposed  by  water  into  arsenious  anhydride  and  ethylpho^horie 
acid.    (Church.) 

EthylphaaphaU  of  Barium,  (CH*)Ba''P0V6H'0,  prepared  as  above,  forms  ookNuleai^ 
very  short,  right  rhombic  prisms,  passing  into  six-sided  tal^es  by  tnmeatioa  of  the 
acute  lateral  edges.  It  tastes  agre^bly  saline  and  bitter,  effloresces  very  bLowIj  in  the 
air,  gives  off  its  water  of  crystallisation  at  120°,  acquiring  at  the  same  time  a  poaij 
lustre.  The  crystals  of  the  hexhydrated  salt  immersed  in  a  boiling  saturated  solution 
immediately  assume  a  pearly  aspect,  and  are  found  after  drying  in  vaeuo  to  be 
converted  into  the  monohydrate,  (C'H*)Ba"PO^H*0.  On  the  other  hand,  thia  nooo- 
hydrate,  or  the  anhydrous  salt,  when  treated  with  cold  water,  is  immediately  vseoin- 
verted  into  the  hexhydrate.  A  saturated  solution  of  the  ordinary  salt  evaporated  at 
60° — 60°  deposits  pearly  plates  of  a  hydrate  intermediate  between  the  mono-  aad 
hexhydrates,  via.  (C«H»)«Ba*P»0«.7H«0.    (Church.) 

The  anhydrous  salt  heated  to  dull  redness  gives  off  water  and  carburetted  hydrogen 
with  traces  of  alcohol  and  ether,  and  leaves  dibarvtic  pyrophosphate  mixed  with  cur- 
coal.    The  principal  decomposition  is  representea  by  the  equation : 

2(?H*Ba''0«     «     Bi«PK)'  +   2C«H«   +  HH). 

If  the  dxy  salt  be  mixed,  befbre  ignition,  with  carbonate  of  potassium,  it  likewise  yields 
no  alcohol,  but  the  same  volatile  products  as  when  heated  alone  (Pel  on  a e).  From 
the  oold  aqueous  solution  mixed  with  nitrie  acid,  alcohol  throws  down  nitxate  of 
barium,  leaving  ethylphosphoric  acid  in  sololion. 

The  salt  is  most  soluble  in  water  at  40°,  and  the  solution  saturated  at  that  tempen^ 
ture  deposits  crystals  of  the  6-hydrated  salt,  both  when  heated  and  when  eooled;  1  pL 
of  the  (hexhydrated?)  salt  dissolves  in  294  pts.  water  at  0^  in  30*3  pts.  at  5°,  in  14*9 
pta.  at  20^  in  10*7  pts.  at  40°,  in  12-5  pts.  at  60°,  in  11*2  pts.  at  65°,  in  12*4  pt8.at 
60°,  in  22*3  pts.  at  80°  and  36*7  pts.  at  100°.  The  salt  is  insoluble  in  aloohci  and 
ether,  and  is  precipitated  by  those  liquids  from  its  aqueous  solution. 

The  aqueous  solution  precipitates  the  salts  of  lead,  mercury,  and  silver,  but  not  those 
of  iron,  nickel,  copper,  gold,  or  platinum. 

The  caleium'SaU  fonus  micaceous  scales  slightly  soluble  in  pure  water. 

Ferric  ethj/l phosphate,  (C«H*)«Je*PH)««.6H«0,  is  obtained  by  precipitating  a  hot 
solution  of  the  silver-salt,  with  an  equivalent  quantity  of  ferric  chloride  alsomsaohed 
in  hot  water,  and  separates  in  straw-yellow  films  from  the  filtamte  when  heated  to  the 
boiling-point.    (Church.) 

By  precipitatiog  mixtures  of  ferric  and  aluminic  chlorid(«  in  various  proportions 
with  ethylphoephate  of  silver,  or  heating  mixed  solutions  of  ferric  and  lOiiiiiinie 
etfaylphosphates  to  the  boiling-pointy  or  adding  absolute  alcohol  to  them  tQI  only 
a    put    IS    precipitated,    Church    has    obtained  firrico-aluminio   etij^pkoMfkaim 

containing  respectively  (C«fl*)^e«Al''P^".6H  O,  (C:»II»)^e»Al«PK)«.6H«0.  and 
(C«H*/Fe'"Al«P*0«*.6HK). 

Jk/erro90'ferrie  cthylpkosphate,  (e-H*)q?>F>PH)««.6HK),  is  obtained  hv  precipi- 
tating the  barium-salt  with  a  solution  of  mixed  ferrous  and  ferric  fmlphatw,  and 
adding  alcohol  to  the  filtrate. 

The  Uadrsait,  (C>H*)FbTO«Jl<0,  obtained  by  predpitating  a  solutioii  of  the 
barium-salt  nearly  saturated  at  70°  wiUi  acetate  of  lead,  is  ahnost  insoluble  in  cold 
water,  but  slightly  soluble  in  hot  water,  fh>m  which  it  may  be  czystaUised.  It  mKf  be 
obtained  anhydrous  by  heating  it  to  130° — 160°.    (Church.) 

A  mercuroua  salt,  apparently  containing  (C*H*)Hg«P0*.2H*0.  ia  obtained  by 
precipitation  firam  modecately  concentrated  solutions  in  pearly  platea.  It  dissohes 
alighUy  and  with  partial  decomposition  in  cold  water,  but  is  insoluble  in  aloohcL 
(Church.) 
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Th»  pottmym  mi4  sodium-'Muitt,  ohtmm^d  bv  preetpttntiog  the  bftriiuii-«alt  vith  thv 
tomwpoDding  tiilphat4!«,  are  deliquescent  ond  jiffitfuU  to  crystiillise* 

Tb«  tUtfer-^i,  {C*H*)As*PO«.HK),  ii  crysUlUne  aod  ^f>iiringljr  lolubla. 

Ihe  Mirontium'aalt  crystalliftM  vith  difteult^  i»  hydr&ted  crjrstak.  10  much  ]«m 
«ol«ble  in  hot  tlMUk  in  cM  iv«tf>r,  and  is  prtsc)t»iUied  from  the  oold  aqficoue  eolation 
hj  tleoboL 

Tbt  «rtfj»fc7  aali,  (C*H*X^'*0*)'PO*.HK>,  ia  obuinwl  lij  diesolTing  xmxixc  oxide  in 
fti^lphofphoric  acid,  luid  erapomtiflg  tbe  filtered  eolutioQ  ia  pale  yelloir  flock«,  which 
dry  up  (o  amorphoue,  brittle.  leokoii^jeUow  maeMt.  It  ia  IcHia  soluble  ia  boUiug  water 
Lhati  in  water  at  60**  or  70*, 

Etk^lpfMrpfmU  of  T4(rfikflamm(mium,  (C*H»XC^*N)^FO\  laobtftiaed  by  predpi- 
tating  a  hot  solution  of  the  eilTer-aalt  with  iodid«  of  tetrethykmniooiiua,  and  evapo- 
riOiiig  the  fLltmte,  Arst  at  100°^  then  oTer  sulphuric  acid  in  vacuo.  It  forms  a  coafu«(*d 
maas  of  mr»tats,  which  }oee  their  tnin.?parencj  on  drying,  are  eztremelj  aoluble  in  cold 
water,  and  deliquescent.  It  Ixgtns  to  decomftose  at  101)^',  and  is  completely  reaolTed 
tti  higher  tempemturea  into  trie  thy  Luniue  and  triethylic  phosphate: 

£THTL-e9i*FB0PEospHoutc  ACio,  C*HTSO»  *  C*HMP.F30'.— .Thieaeid»dia- 
corered  by  Cloei  (CotnpL  rend.  xxiv.  388),  la  kuawn  only  in  aqueous  solution,  and  in 
its  salts.  The  potauium-  and  stdium-ndtn  nre  «*)isily  ol>Utiued  by  agitating  aulpbo- 
chloride  <d  phosphorus  with  dcoholic  potash  or  wA% : 

Cni'O   +   SKHO   +   PSCl"     -     Cm'K'PSO*   +    3KC1   +    SH»0. 

They  diisolve  readily  in  wafr-r  and  in  alcohol, 

The  barium'^  Hrontium-^  and  ca/eium'Sttft^.  olitniued  hy  satumting  the  aqueous  acid 
with  the  coreraponding  carbonates^  ore  crystaUii»ahle.  The  formula  of  the  barium-fnlt 
is  C'H^Bit'PSO*. 

(por\ 

H  i 
(Vogeli,  Ann.  Ch.  Phanu.  Ixix,  180.)-— This  acid  is  fonnedt  together  with  the  prectjd* 
tag,  when  absolute  alcohol  or  ether,  in  the  liquid  or  gaaeoua  state,  is  brought  in 
contact  with  phosphoric  anhydride.  The  absorption  of  the  ^pour  affords  the  best 
mode  of  preparation,  because  when  phosphoric  anhydride  is  introduced  into  liquid 
alcohol  or  ether,  great  heat  is  evolred,  and  the  phosphoric  anhydride  forms  into  ltunpa» 
which  are  veiy  slowly  acted  npon, 

PrtparatiofL — Phosphoric  anhydride  is  placed  over  anhydrous  ether  or  alcohol  (the 
latter  yields  the  beet  product),  and  the  whole  h  covered  with  a  betl-jar  to  keep  out  the 
inoiBftiirp  of  the  air.  The  anhydride  then  absorbs  the  Tapoui;  and  in  a  week  or  a  fort- 
night (leliqupscts  to  a  syrup.  Tliis  Byruji  is  saturated  with  carbonate  of  lead,  the  in- 
eoluble  phospbite  of  lead,  hc.^  removed  by  flltration,  and  the  flltmte  evaporated  over  a 
WHtfT-bath  or  a  sand-bath.  A  sparingly  8o!uble  lead-salt  (ethyljihosphato)  then  sepa- 
mte*  out  in  peariTr  cr}'etal8.  On  further  coneentratioD,  the  solution  yieldi  groups  of 
ci^'tttals  like  caffeine.  These  crystals  consist  of  the  diethylphosphate  of  lead;  they 
may  be  purified  by  redissolving  them  at  a  vory  gentle  heal  and  recryatalliaing.  Prom 
the  solution  of  this  le«id^salt  the  lead  may  be  precipitated  by  anlphydric  acid;  and  the 
filtrate  evaporated  in  mcuo  yields  the  hvdratcd  acid  in  the  form  of  u  syrup^  which  docs 
not  crystallise,  and  appears  to  be  partially  decompost^d. 

The  syrupy  arid  wtien  heated  givee  off  jpnneent  acid  rapoun*,  and  afterwards  phos- 
phoric ether,  recognisable  by  its  odour.  The  decomposition  terminates  with  a  violent 
irotbing  of  the  whole  mass,  and  phosphoric  acid  remains  behind. 

The  dtfihyiphotphaies  have  the  composition  (C'H*fMFO*  or  (C*H*)*MTK>»,  ac- 
eording  to  the  atomicity  of  the  metal.     They  appear  to  be  all  soluble  in  water. 

The  bariuwt-^iilt  ia  formed  by  f^itumting  the  aqueous  acid  with  carbonate  of  barium. 
It  diseolres  readily  in  water  and  dilute  alcohol,  and  may  be  obtained  in  needles  and 
lamime. 

The  ctilct'urfi'SaU,  (C'II')*Ca''P^O".  is  obtained  by  adding  carbonate  ot  hydrate  of 
calieiiim  to  photiphoric  anhydride  which  has  been  left  to  deliquesce  over  alcohol  or 
ether,  or  to  the  aqueous  acid  prepared  by  decomposing  the  h-ad-satt  with  sulphydrio 
addi  or  by  decomposing  the  lead-salt  with  an  alcoholic  solution  of  chlcvide  of 
calcinm. 

It  is  very  noluble  in  water,  less  soluble  in  dilute  alcohol,  spnringly  in  absolute 
alrohol,  cryhtalliges  on  cooling  fiiom  a  warm,  concetitmted  iiqTieous  solution,  or  from  nn 
nqueoua  solutiou  graduallT  evaporHted,  in  siJky  groups  of  rr^Btals  like  the  lead-salt, 
From  the  solution  iu  dilute  alixjhol  it  cryftsllisi-a  in  needles.     When  strongly  heated. 
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it  does  not  ghre  oflT  water  or  fuse,  but  deoomposM,  with  eTolution  of  triethylie  phocpliate, 
taming  slightly  black  at  the  same  time. 

The  coppet'salt,  obtained  by  deoomposing  the  lead-salt  with  sulphate  of  eopper,  is 
yenr  solable  in  water. 

The  Uad^aU,  (C*H*)«Pb"P'0",  prepared  as  above,  dusolves  readily  in  eold  water, 
still  more  in  warm  water,  and  SAparates  on  cooling  from  a  wann  concentrated  solution 
in  groups  of  crystals  resembling  caffeine.  It  is  sparingly  soluble  in  cold,  easily  in  hot 
abMlute  alcohol  It  melts  at  180%  solidifying  to  a  crystalline  mass  on  cooling.  When 
heated  to  about  190^  it  is  resolved  into  triethylic  phosphate,  idiich  distils  cnrar,  and 
ethylphosphate  of  lead : 

(C»H»)«Pb'T»0»    =     (0»H»)»PO*  +  (C*H»)Pb'TO\ 
The  other  diethylphosphates  are  decomposed  by  heat  in  a  similar  manner. 

The  fnojn^num-  and  nickel-salts  are  vexy  solable  in  water ;  the  latter  crystallises  in 
groups  of  laminse. 

DiBTHTLSULPHOPHOSPHOBic  AciD,(C*H»)*HPSO».(Carius,  Ann.  Ch. Fhamu 
cxii.  190 ;  Jahresb.  1859,  p.  442.)— This  acid  is  formed,  together  with  triethylic  dxsul- 
phophosphate,  by  the  action  of  pentasulphide  of  phosphorus  on  alcohol : 

6C*H*0  +  PT3*     -     (C*H»)«HPSO«  +  (C»H»)«1»S*0«  +  2H«a 

Dif^thylsulphophosphoric  acid  is  a  viscid,  oily  liquid  having  a  strongly  acid  and  like- 
wise bitter  taste.  It  may  be  boiled  in  aqueous  or  alcoholic  solution  without  decompo- 
sition, but  decomposes  when  strongly  heated  per  se,  giving  off  mercaptan  (and  perhaps 
also  sulphide  of  ethyl),  and  leaves  phosphoric  acid.  It  forms  very  stable  salts,  among 
whichthe  ammonium'fVotassium'fSodium't  barium'tCaldum-f  and  ^etu^^o^  dissolve  easily 
in  water,  and  are  soluble  also  in  absolute  alcohol  and  even  in  ether;  the  silver-salt  \a 
nearly  insoluble  in  water,  but  very  soluble  in  alcohol  and  in  ether.  The  silver-,  lead-, 
and  zinc-salts  separate  from  their  solutions  by  rapid  evaporation  in  oily  drops,  whidi 
remain  viscid  for  a  long  timo,  but  solidify  in  the  crystaUine  form  when  toudied  with 
a  hard  body. 

DxBTflYL-DiflULPHOPHOspHOBXC  ACID,  (C*H*)*HPS*0»  (Carlus,  loe,  ct<.).— 
Produced,  together  with  ethylic  sulphide,  by  heating  triethylic  disulphophosphate 
(f  i^ra)  with  mercaptan  in  a  sealed  tube : 

(C*H»)«PS*0«  +  C«H».H.8     -     (C^»)'HPSK)«  +  (C'BM'S. 

Triethylic  dlflul.  Mercap-  Diethfl-ditul-  Ethylic 

phophotphate.  tan.  phosphoric  tulphida. 

acid. 

It  is  a  transparent,  colourless,  amorphous  mass,  viscid  at  a  gentle  heat.  Its  salts  ara 
produced  by  the  action  of  alcoholic  sulphydrate  of  potassium  or  sodium  on  triethylic 
disulphophosphate,  mercaptan  being  formed  at  the  same  time : 

(C*H»)«PSK)«  +  KHS     -     (C^H»)«KPS«0«  +  C»H».H.S. 

DiBTHTL-TBTBAsuLPHOPHOSPHOBXCAciD,  (C*H^)^PS\ — Thcpotassium-talt 
of  this  acid  is  formed  by  the  action  of  alcoholic  sulphydrate  of  potassium  on  triethylic 
tetmsulphophosphate.    (C  a  r  i  u  s,  loc.  cit, ) 

Tbibthylic  Phosphatb,  (C»H*)«P0«  =  |^,^"  |o«.--This  ether  was  disco- 
vered by  Vogeli,  who  obtained  it — 1.  By  heating  diethylphosphatc  of  lead  to  190*^ 
{vO,  supX—^,  In  small  quantity,  together  with  diethylphosphonc  acid,  by  the  action  of 
phosphoric  anhydride  on  alcohoL  It  is  likewise  produced — 3.  By  heating  phosphate 
of  suver  with  iodide  of  ethyl  to  100°  (a  slight  action  takes  place  sJso  at  common 
temperatures),  exhausting  the  mass  with  ether,  heating  the  liquid  which  remains  after 
the  evaporation  of  the  ether  to  160°,  and  distilling  it  in  vacuo  at  140°  (DeClermont> 
Ann.  Ch.  Pharm.  zci.  376). — 4.  By  the  action  of  ozychloride  of  phosphorus  on  ethylato 
of  sodium: 

3C«H»NaO  +   P0C1«     =     3NaCl  +   (C»H»)«PO*. 

The  liquid  filtered  from  the  chloride  of  sodium  is  freed  from  ether  by  heating  it  in  the 
water-bath,  and  the  residue  is  distilled  (Limpricht»  Ann.  Ch.  Pharm.  czxxiv.  347). 
— 6.  By  the  action  of  the  ozychloride  on  absolute  alcohol.     (Schiff.) 

Triethylic  phosphate  is  a  limpid  liquid,  having  a  peculiar  odour,  a  specific  gravity 
of  1*072  at  12^,  and  boiling  at  216^.  It  is  soluble  in  water,  alcohol,  and  ether,  but  is 
slowly  decomposed  by  contact  with  water.     (Carius.) 

Tbibthylic  Disulphophosphatb,  (C=H*)*PS*0',  is  obtained,  together  with 
diethylsulphophosphoiic  acid  {yid.  sup»\  by  the  action  of  pentasulphide  of  phosphorus 
on  alcohol.  It  is  a  colourless  oily  liquid,  having  an  aromstic  and  somewhat  alliaceous 
odour,  especially  when  warmed,  and  distilling  undecomposed  with  vapour  of  water; 
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WliMi  treated  with  alcobolrc  sulphjdnto  of  potiuKiuni  or  «iodmiii«  it  jieldii  dii*thTi- 
diiiulphopboitpfaonc  add  and  merraptan  (Carios,  p,  592).  With  oA^oAoAi,  it  yiridf* 
diethjI««iIpbophoapborie  acid,  tosether  with  a  sulphide  of  ethyl*  and  th«  radicle  of  th« 
alcohol  emplojed ;  e,  g.  with  ftmylic  alcohol : 

TstaTBTLio  TmTBASULPHOPUospitATJi,  (CH')*P8*.  (OariuB^  loe,  ciL) — 
Produced  by  the  actbn  of  pentaatilphide  of  phosphorus  on  ai«rcjiptan,  or  bettaTi  on 
mereaptida  of  mercury : 

S(C?H*)»Hg'^«  +  P«»     -     2(Cm*yTB*  +   3Hg"B. 

it  w  a  light  jeUow  oil^  liquid  rpaembting  tn^thrlie  disulphophospfaate,  but  mora 
pfisily  dccomponble.  With  alcoholic  sulphydrate  of  potassiimi  it  Tiofda  djetbyl-t^tra- 
iolnhophoaphoiic  acid,  and  with  hTdrate  of  potaBsium,  the  potaaiiuiii>Bait  of  another 
acfd,  probably  diethyltriaiilphopboiphorie  acid,  (C*H*)*HPS>0. 

Tetbithtlic  PTBOPiioapB4T»,(C»H*)*PH>'.  (De  Clermoat.  he.  «<,)— Pro- 
dnced  by  heating  dry  pyiiophofphate  of  silver  with  iodidi*  of  ethyl  to  100^  in  a  a<*aled 
flaak.  The  filtered  liquid  is  then  distilled  at  the  heat  of  the  water- bath,  and  the  nacid 
residue  ia  dried  b^  paaaiBg  atr  through  it  at  130^,  and  then  boating  it  in  vairuoto  140*^. 
It  ia  a  Trscid  litjuid.  of  ipeciflp  gravity  11 72  at  l?** ;  has  a  peculiar  odour  and  burning 
taste ;  burns  with  a  whitish  6ame,  di^f^ioff  white  Tapours.  Potaah  decompoaea  it, 
fbrmiug  crystalli&ablo  doliqueacent  diethjlphoopbate  of  poCaasiam.  It  ia  aolnble  in 
water,  alcohol,  nnd  ctbc'r^  boon  turns  add  when  exposed  to  the  air,  and  diaaolvea  a  small 
quantity  of  silver- iodide. 

acettiyllo  Plio«pli*t«B  or  Mattijrlpbosptiorlc  edlierai.  The  monomethylic 
and  dimot hylic  ^boaphatea  have  betn  obtained  by  Hugo  Schiff  (Anu,  Ch.  Fharm. 
cii.  334) ;  the  tnmethylic  eUiar  is  uot  known. 

The  two  acid  ethers  are  produced  simultaneously :  1.  By  the  action  of  phoaphoric 
oxychloride  on  methyli*;  alcohol : 

3(CH*)H0   +   POCl"     -     (CH')H»PO*   +   2CH"C1    4-     HO. 
■aid  8(CH»)H0  ^  POCl*     -     (CHYHPO*  +     CH-Cl   +   2HCL 

On  mixing  the  two  liquida*  great  heat  is  evolred,  raponrs  of  hydrochloric  arid 
and  chloride  of  methyl  given  oft,  and  a  dark  n^d  liqnid  remains  oonsistinic  of  mono- 
and  dimetbylphosphoric  acids^  the  former  being  in  the  greater  qnantity.  But,  if  the 
phosphoric  oxrchloride  be  placed  in  a  flask  atta^cd  to  the  lower  end  of  a  condensing 
appanstuSf  and  standing  in  cold  wator,  and  the  wood^spirit  be  added  by  drops  from  tin' 
Ufip'r  fud^  each  addition  being  made  only  after  the  reaction  produced  by  the  fonnrr 
batt  subeided,  the  product  consists  almost  entirely  of  dimetbylphosphoric  acid,  which, 
afttT  the  red  liquid  baa  been  freed  from  hydrochJoric  acid  and  wood-spirit  by  heating 
it  for  soreral  hours  in  the  water-bath,  remains  to  the  form  uf  a  colourless  syrup,  but 
by  continued  beating  OTex  the  water-bath  is  gradually  resolved  into  wood-spirit  and 
photiphoric  acid. 

2.  By  the  action  of  penUchloride  of  phosphorus  on  methylie  aleoholf  phosphoric 
oxychloride  being  &r«t  mrmcd,  as  shown  by  the  equation, 

(CH')HO   ^   PC1»     -     POCl'   -I-   CH"Cl   +  HO, 

Bnd  then  acting  ou  the  rest  of  the  methylic  alcohol  as  above. 

(pori 

Dimeihylpko»pkorie  acid,  (CH")'nPO*  »  (CH»)*VO»,  ia  very  90^$  attackB 

H     J 

tine  with  evolution  of  hydrogen,  and  decompoae*  carbouAtes  with  facility.  The  aqueous 
solution  is  readily  decompoaed  by  boiling,  apparently  with  formation  of  roonomethyl- 
phosphoric  acid.     It  is  acSuble  in  alGohofana  ether. 

The  dimethylphoaphates,  (CH')*MPO'  and  {CH*)*M''PO»,  are  obtained  by 
neutralising  the  aqueous  add  with  the  corresponding  <»rboiiatet.  Some  of  the  tesA 
soluble  may  also  be  obtained  by  precipitation.  They  are  easilj  aeparatad  from  the 
monomethy] phosphates,  which  are  much  less  solnble  and  a^a«at«  out  on  eTBporatioa. 
The  dimethy!phoi«<phates  are  mostly  colourless,  dissolve  pretty  readily  in  wateri  less 
in  alcohol,  not  at  all  in  ether,  and  are  predpitated  by  aloonol  and  ether  from  their  eon- 
centra  ted  solutions. — Almost  all  of  them  contain  several  atoms  of  water  of  crjrstalliaa* 
tion.— Their  aqueous  solutions  ore  decompoaed  by  eraporation,  unlata  the  heat  is 
kf^pt  very  low.  By  distillation  they  yield  the  same  products  as  the  free  acid»  with  a 
n  ^lidue  of  phosphate. 

Thp  harium-safU  (CIP)*BaTO*,  forms  nacreous  lamin*  nearly  insoluble  in  alcohol. 
T\\p  ilrGnHutH'talt^  (CH'|*Sr"PK)'.2H'^0^  is  fkomevhat  more  soluble  in  alcohol  than  tlie 
barium-salt^  and  crystallities  from  the  alcoholic  solution  by  gradual  eraporation  in 
silk?  cr)-«falline  lamina.'  timinged  in  radiated  groups.     It  gives  off  its  water  at  I6i»^.— - 

vvl  it.  a  q 
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The  edcium  tait,  (CH*)K^TH)*,  separates  in  warty  massM,  retj  soluble  in  watee. — 
The  maffnuimm'^§aU  is  a  white  powder  soluble  in  water. — ^The  nn&-^alt  is  white  and 
rather  solable.— The  iron  and  oopper^U  appear  also  to  be  easily  soluble,  inasmuch 
as  the  solution  of  the  salt  is  not  precipitated  by  solutions  of  iron,  calcium,  or  oopper.— 
The  lead-^dU,  (CH*)«Pb"P*0*,  is  precipitated  from  the  concentrated  aqueous  solution 
by  ether  in  flakes. 

The  soluble  dimethylphosphates  form  white  precipitates  with  salts  c^  eobtdt^  mercury, 
and  gilver. 

The  monomethylphosphates,  (CH')M'PO^  are  much  less  soluble  in  water 
than  the  diraethylophMphates.  The  barium-^t,  (CH*)Ba'T0^2HH),  is  less  soluble 
in  water  at  100°  than  in  lukewarm  water,  and  separates  as  soon  as  the  solution  it 
placfd  orer  the  water-bath,  in  lamin»  having  a  strong  lastrs.  It  gives  off  the  greater 
part  of  its  water  of  czprstallisation  even  on  exposure  to  the  air,  a  further  portion  ofer 
sulphuric  acid,  losing  its  lustre  at  the  same  time,  and  the  whole  (2  at.)  at  160^.  When 
strongly  heated  it  gives  off  combustible  gases. 

Sulphockloride  of  photpkorta  forms  with  methylic  alcohol  an  acid  ether,  whose 
barium-salt  is  soluble  in  water.  This  ether  is  probably  monomethylie  snlpho- 
phosphoric  acid,  (CH»)H«PSO*. 

*       ^  ) 

Addritdum.    MetkylphosphorouB  acid,  CH^FO*  »  CH*  lO*  (Sohif (  ^.  €•!.> 

—Produced  by  the  action  of  trichloride  of  phosphorus  on  methylic  alcohol : 

3CHK)   +  PC1»     -     CH»PO»  +   2CH«a  +  HCL 

Triehioride  of  phosphorus  is  added  by  drops  to  methylic  alcohol  as  long  as  any  aetion 
takes  place,  and  the  liquid  is  left  in  a  warm  place  for  several  hours,  to  expel  hydro- 
chloric acid  and  excess  of  methylic  alcohol.  The  compound  is  thus  obtained  in  tha 
form  of  a  nearly  colourless,  very  acid  syrup,  which  draws  out  into  threads,  and  cannot 
be  made  to  crystallise.  On  attempting  to  concentrate  it  further  by  heat,  it  is  resolved 
into  methylic  alcohol  and  phosphorous  acid. 

The  metkylph<)sphite$,  (GH')HMPO',  are  obtained  by  treating  the  corresponding 
carbonates  with  the  aqueous  acid.  By  evaporation  at  ordinary  temperatures  or  at  a 
very  gentle  heat,  they  are  obtained  as  amorphous  masses  which  exhibit  errstalUne 
structure  when  scratched  with  a  sharp-edgea  tool  When  strongly  heated,  uiej  give 
off  phos^horetted  hydrogen  and  combustible  hydrocarbons,  leaving  a  residue  of  phoe-* 
phate  mixed  with  a  little  amorphous  phosphorus.  They  are  hygroscopic,  and  dissolve 
readily  in  water,  sparingly  in  alcohol,  and  not  at  all  in  ether.  The  aqueous  solutions 
decompose  slowly  at  ordinaiy  temperatures  into  methylic  alcohol  and  phosphates. 
This  decomposition  takes  place  most  quickly  when  the  solutions  are  acid,  and  may  be 
prevented  by  keeping  an  excess  of  the  carbonate  in  the  liouid  during  evaporation. 

The  barium-Mitt  (0H*)*H*Ba"P*O",  is  anhydrous,  less  soluble  in  water  and  in  alcohol 
than  the  calcium-ealt.  The  caldumsaft,  (CH»)«HKJa"P*0»  2H«0,  gives  off  its  water 
at  100<>.    The  lead-salt,  (CH»)«H«PbT«0«,  is  very  easily  decomposed  by  heat. 

The  solution  of  the  calcium-salt  does  not  precipitate  the  chlorides  of  copper  and 
iron ;  with  mercuric  chloride,  it  forms  a  white  precipitate ;  and  with  nitrate  cf^siiwr,  i 
precipitate  which  is  white  at  first  but  quicidy  yields  reduced  silver. 

Plieiiylio  Pliospliates  or  VlMBjIplioapliorie  BUmts.— 1.  Monopkenyl* 
phosphoric  acid,  (C«H*)H«PO*,  has  been  obtained  by  Church  (Proc  Koy.  Soc 
xiit.  690),  but  the  mode  of  preparation  is  not  described.  Both  the  acid  and  its  salts 
oxidise  rapidly. 

(POy  ) 

2.  BiphenyiphoBphorieacid,Q^m^^VO^  -  (C«H»)* VO'.--This  add  ether  is 

H  ) 
obtained  by  the  aetion  of  pentachloride  of  phosphorus  on  pbenylic  alcohol  pr««pared 
frum  salicylic  acid  (p.  890),  and  appears  to  constitute  the  chief  portion  of  the  product. 
At  ordinary  temperatures  it  is  a  granular  oiystalline  powder,  and  after  being  freed 
from  adhering  liquid  by  pres&ure  between  paper,  may  be  kept  in  paper  in  the  w^rmefct 
and  dampest  weather  without  alteration.  It  dissolves  easily  in  a  weak  sohitiott  of 
caustic  sMa  to  which  a  fittle  alcohol  is  added,  forming  the  diphenylpkosphate  of  sodium, 
(C*H*)'NaPO^  which  crystallises  on  cooling  from  a  hot  saturated  sohition  in  prisms  or 
needles.  These  crystals  yield  by  analysis  22*64,  22*82,  and  22*91  per  cent,  water,  and 
8*96,  8*91,  and  9*02  per  cent,  phosphorus,  agreeing  nearly  with  the  formula, 
2(C«H*)«NaPO*.9H«0,  which  requires  22-95  per  cent,  water  and  8*78  per  cent,  phos- 
phorus Sometimes  (under  circumstances  not  precisely  determined)  flattened  needles 
wereobtainedoontaining24*56— 24*81  percent^  water;  the  formula  (OH»)WaPO<.6H'0 
requires  24'81  per  cent.  On  mixing  the  aqueous  solution  of  the  sodium-salt  with 
neutral  acf  tiite  of  lead,  a  nacreous  erystalline  precipitate  is  formed  containing  29*2 
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percent,  lead,  which  agn^es  nearly  with  the  formula  (C*JI*)*PI/T'0',  i^uiriiig  29*4 
per  cenL    (H.  Watts,  Gintiin*a  Bandhook^  xu.  249;  uml  unpufdish^  exptrimi-niM,) 

Hugo  Mil  Her,  in  making  some  ezperimeiitA  with  the  view  of  obtaining  pheiiylrne 
fipoM  raeool  bv  Ihe  action  of  phoaphorie  anbjdrida.  Hab  rfs^cntl/  obtained  a  phenyl - 
I»boi|morie  actd,  the  fbrnmla  of  whieb  u  hower^r  not  jret  made  out.  When  phosphoric 
anbjdrida  is  brought  in  contact  with  cryitallioe  phenol,  elevation  of  temperature  tak«a 
plaoa  and  a  paatj  dumb  i»  formod^  which  on  boat  being  applied  becomea  bomogf^neoiia. 
The  ti»nipeiatare  beins  raised  atill  higher,  anchang^  ^enot  distils  orer,  bnt  there  ia  no 
indjoation  that  phenj&ne  ta  formed  in  thia  reaction.  Qodieaolving  the  reaiduanr  maaa 
in  water  and  treating  it  with  bantim-carbonate^  a  solution  of  pbenylphosphate  of  barium 
ii  obCaioed«  which,  after  precipitation  of  the  bariam'sait  with  sulpnane  acid  and  oare* 
All  erapofatioa^  jielda  the  phenjlpfaosphoric  acid  in  thd  fitate  of  a  heavy  oily  Iiqiud« 
which  iepamtea  from  the  concentrated  solution.  This  phenyl -phosphoric  acid  forms 
with  most  meitals  well  cijstalliaed  salts. —The  voitutium-,  vodium-  and  ammonittm- 
Mlts  are  rery  readily  soluble  in  water. — The  magnf stum' tali  n^'Btallises  with 
difficulty,  and  is  moderately  fttjluble  in  water. — The  6artum*fali  cry^taljisee  in  niii^nifi< 
cent  asbestoff'like  cryttaLi.  Solutions  of  the  bsrinro^salt  pve  with  acetate  of  load  a 
white  floccutfnt  precipitate,  which  soon  becomes  con?erte<i  into  a  mnes  of  fibrtiiut 
crystals^  Dilute  solutions  give  no  prpcipitate,  but  on  evaporation  yield  crjrstalu 
rfs*^ml>ling  the  barium -salt.  «The  aiivtr-salt  is  a  white  precipitate  which  soon  becomes 
yellow  and  btown.  Solutions  of  the  phenyl -phosphate  of  barium  do  not  give  precipi- 
tates with  copper',  cobelt',  mckei-,  or  tinc-MmU  in  the  cold,  but  when  heat  is  applk-d, 
precipitates  are  formed  which  dissolve  again  on  cooling.  Tb^*  phenytphoHphates 
likelne  corresponding  ethylphospbates  pot^fiess  the  pccu.liar  property  of  being  l^bH  soluble 
in  hot  wattrr  than  in  cold :  their  maximum  itolubility  uppeara  to  lie  between  40^  and 
60O.     (  C&mmumcaiion  from  I>r,  iMMer, } 

Triph€n$lie  PhotpkaU,  (C»H*)TO*  «  ((^hQ^*  (WilHamson  and 
Scrugham,  Ch*m. Soc.  Qu.  J.  vii.  240.) — This  compound,  the  neutral  phosphate  of 
phi*nyl,  is  produced,  together  with  chloride  of  phenyl,  by  the  action  of  p<  nt;ichloridi»  of 
phoRphonis  on  phf^nylic  alcohol  obtjiined  from  conl-tAr  creoeotet  and  constitutes  that 
p<jrtiou  uf  Llie  product  (the  largetd)  which  diatils  above  the  range  of  the  nierourial 
ihemiometer  It  ia  purified  by  treating  the  crude  product  with  strong  aqueous  puta^b, 
rumoring  the  potash  by  washiiig  with  water,  and  dialling  the  remaining  liquid  two  or 
thrf^  times. 

Thit«  ether,  at  the  ordinary  temperatures,  is  a  thick,  oily,  fluorescent  liquid,  but  solidt- 
li»«  at  low  Cf>mperutures  to  a  mass  of  crystals.  It  is  inodorous,  soluble  in  alcohol  and 
t'thi^r,  but  inaoluble  in  petiish  except  on  boiling.  It  h  very  expansible,  isinking  in  a 
isM  wilation  of  potash,  but  rising  to  the  surface  on  the  appHmtion  of  heat,  and  again 
fulling  to  the  bottom  on  cooling.  It  is  decora poicd  by  ethylate  of  sodium,  or  by 
evaporation  to  drynefts  with  strong  potash ;  and  on  adding  nitrate  of  potafwium  to  the 
ri'sidne^  fbsing,  tmiting  the  fused  mass  with  water,  and  neutralising  with  hydrochloric 
arid,  a  solution  is  obtained  in  which  the  phosphoric  acid  maybe  detected  ana  eiftiinated 
in  the  usual  way  with  ammonia  and  sulphate  of  magnesium.  The  ether  gave  by 
analysis,  65-92  per  cent  carbon,  51 3  hydrogen,  and  8O0  phosphorus,  the  formnla 
(C*H*)FPO*  requiring  66*11  oirbon,  469  hy(&ogen,  9  7  phosphorus  and  19  69  oxygen. 

(TOr  > 

Glyceropliospiiorlc   Add*  CII'PO'    »  (C'lP)'*  VO^,  existing  in   the  yolk  of 

IV     ) 
igg9  and  in  the  brain,  and  produced  artificially  by  the  action  of  phofpfioife  Acid  or 
luihydride  on  glycerin,  has  been  already  described  (ii.  896). 

(PO)'-   \ 

Ac9tjiptioaiiborio  AjA^  probably  C<H*PO'  «  (C'H"0)*VO*.H*0,  is  obtained 

H  ) 
by  the  action  of  fteslylic  chloride  on  phosphate  of  silver.  On  treating  the  resulting 
mass  with  water,  the  acetylphosphoric  acid  dissolves,  together  with  phosphoric  acid; 
and  by  neutraHsing  the  evaporHted  filtrate  with  carbonate  and  hydrate  of  calcium,  pre* 
cipitating  with  acetate  of  lead,  and  decomposing  the  lead-salt  with  snlphydric  acid,  the 
m^etylphr^phorio  add  is  obtained  as  a  viscid  liouid  which  is  resolved  by  boiling 
the  Rf>fution  into  phosphoric  and  acetic  acids.  The  iorium-  and calcium-MliB  are  easily 
st4uble  -  the  former,  C*H*CaT0*.4H*0,  crystallises  in  radiate  needles  and  prisms  per- 
manent in  the  mr,    (K&mmeror  and  Cairns,  Ann.  Cb.  Pharm.  cjucxi.  170.) 

(P»0*V) 

Acetyiprroplioapliorto  Aol^     (CH'0)H»P»0^    -   C^H'O  fo*.      (N.    Men- 

II"     ) 
schutkine,  Bull.  SiV.  Chim.  1865,  i.  269.) — Produced  by  the  nction  *if  nitric  sj*id,or 
better  uf  hydnc  pruxidt!  on  acetyl pypophospboniun  ticid^  (0*11*0  )If'P-0'{ p.  634). — 
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The  bariumsaU,  (C*H*0)HBaT*0^2H*0,  is  obtained  by  adding  a  soluUon  of  b«riiuii- 
peroxide  in  dilute  bYdrochioric  acid  to  a  solution  of  potassic  aoetylpyrophoephite.  It 
IS  a  cfystalline  precipitate,  insoluble  in  water,  moderately  soluble  in  dilute  acids.  Its 
solution  in  nitnc  add,  decomposed  by  an  equivalent  quantity  of  sulphuric  acid,  yields 
the  aqueous  add ;  and  on  neutralising  this  with  ammonia^  and  adding  acetate  of  lead, 

the  lead-salt,  (C*HH))*PG"PK)",  is  obtained  as  a  precipitate,  insoluble  in  water,  easily 
soluble  in  dilute  nitric  add.— The  taversaU,  (C*H*0)Ag*FK)',  obtained  in  like 
manner,  is  a  white  predpitate  which  eradually  turns  yellowish.  It  dissolves  without 
decomposition  in  dilute  nitric  add  and  in  dilute  ammonia,  but  strong  ammonia  poured 
on  the  dry  salt  reduces  part  of  the  silver. 

Aeetylpyrophosphoric  add  is  slowly  converted  into  phosphoric  add  by  ebullition 
with  aqueous  add  and  alkalis,  quickly  by  ftision  with  hydrate  of  potaannm  or  carbonate 
of  sodium. 


VBOSmomiys.  OZTBKOBODB  OV.  POBr*.— This  compound,  disooverpd 
by  Gladstone  (Phil.  Mag.  [8]  zxxv.  345 ;  Jahresb.  1849,  p.  248^  is  produced  bythe 
decomposition  of  the  pentabromide  in  moist  air :  PBr*  +  flK)  »  2HBr  +  PdBr* ; 
and  in  a  pure  state  by  the  action  of  the  pentabromide  on  alcohols  and  adds,  e.g^  by 
tieating  1  at.  of  the  strongest  acetic  add  with  1  at.  of  the  pentabromide  (H.  Bitter, 
Ann.  Ch.  Pharm.  ziv.  210) : 

C«HH).H.O     +     PBr«       -      POBi*     +     C«H«OBr     +     HBr; 

Aontic  Oxybromide  of       Bromkle  of 

acid.  plKMphoras.  acetyl. 

or  1  at  fiised  oxalic  add  with  1  at  pentabromide  (Baudrimont,  BnlL  Soc.  Chim. 
1861,  p.  118),  the  reaction  beinff  similar  to  that  with  the  pentachloride  {infra). 
After  rectification,  it  forms  a  crystiuline  mass  composed  of  large  laminae,  melts  at  45*' 
or  46^  to  a  colourless  liquid ;  has  a  specific  gravity  of  2*822  [solid  or  liquid  ?1 ;  boiht  at 
196^  (Bitter).  It  is  slowly  decomposed  bv  water  into  phosphoric  and  hydrobromic 
adds,  and  acts  upon  alcohols,  acids,  «c.  in  the  same  manner  as  the  oxychloride. 

VBOAVBOSim,  WKWtmiMmXDim  or.  POa'.— This  compound,  discovered 
bv  Wurtz  (Ann.  Gh.  Phya.  [3]  xx.  472),  is  produced  by  reactions  analogous  to  those 
above  described  for  the  formation  of  the  oxybromide.  Gerhardt  (Ann.  Ch.  Phys. 
[8]  xxxvii  286)  recommends,  as  the  best  mode  of  preparing  it,  to  distil  pentachknide  of 
phosphorus  with  half  its  wei^t  of  oxalic  add  completely  deprived  of  its  water  of 
OTStallisation : 

C«H»0«  +  PC1«     -     POCl*  +  2HC1  +  CO   +  C0«; 
or  6  ptB.  of  the  pentachloride  with  1  pt  or  rather  more  of  cxystallised  boric  add  (ibid, 
xlv.  102):  ^ 

2H«B0«  +  8PC1»  -  8P(X)1»  +  B«C«  +  mCL 
In  dther  ease,  hydrochloric  add  is  eivra  off  as  gas,  and  oxychloride  of  phosphoms  is  the 
only  liquid  product  of  the  distillation.  The  oxydiloride  is  also  proauced  by  passing 
oxygen  gas  into  boilinc  trichloride  of  phosphorus ;  and  by  mixing  the  penta(£latide 
with  phosphoric  anhydride :  P*0*  •«-  3PC1*  «  dPOCI';  and  according  to  Lautemann 
(p.  686)  by  heating  phosphoric  anhydride  with  dry  diloride  of  sodium. 

Oxychloride  of  phosphorus  is  a  colourless  Aiming  liquid  having  a  specific  gravity  of 
1-7  and  boiling  at  110^.  It  is  decomposed  by  water  like  the  oxybromide,  yielding 
hydrochloric  and  phosphoric  adds : 

P0C1«  +   3H«0     -     3HC1  +   H«PO*. 
Like  pentachloride  of  phosphorus,  the  oxychloride  is  laigely  used  for  preparing  ^ 
chlondes  of  different  radides,  according  to  a  reaction  first  introduced  by  Gerhardt 
(loc.  cit.) ;  with  acttate  of  potassium  for  example  it  yields  phosphate  of  potassium  and 
chloride  of  acetyl : 

8(C«H«0.K.0)   +   POa»     t=     K«P0*  +   3C«H»0a 
(see  Chlobidbs,  i.  897).    Heated  with  mctaUie  oxides,  it  forms  a  metallic  chloride  and 
phosphate.    Heated  to  100^  in  a  sealed  tube  with  oxyeJUoride  ofckronimm,  it  leads  in 
the  manner  shown  by  the  equation : 
lOPOCl*  +   12CrO«Cl«    -    3Cr*0«  +   fiCrO*  +  6I«0»  +   18C1«.    (Casselman.) 

With  aqueous  alcohol  of  ordinaiy  strength  it  finrms  monoethylphosphoric  add,  and 
with  anhydrous  alcohol,  triethylie  phosphate  (Schif^  Jahresb.  1867,  p.  10) : 

P0a»  +  C«H».H.O  +   2HK)     -     C«H».H«.PO*  +   8Ha: 
and  POW  +  8(C*H».H.O)        =      (C«H*)TO«    +  3HCL 

With  amnumia  it  forms  phospho-triamide,  according  to  the  equation : 
P0C1»  +   8NH»     «     ^^.^"JN»  +   8Ha; 
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And  vtmilarijr  with  aniline  mwi  naphihjflamine^  it  yields  triphenjl-  iDd  trin*phthyl|>hi»- 
phoCnainide,  €.g. : 

(por  \ 

POCl*   +    «(N,H».C*H*)     -     (CHY>N»  +   3Ha. 

H'    > 

When  ftddftd  by  djrops  to  he£ir«<l  line^thyl^  it  iictii  with  gje&t  Tiokne^  and  forms  a 
colourleu  riiidd  liqaid,  f«olidifying  nXt^t  >  while  to  a  ritreous  tniisa,  which  when 
treated  with  wat^T,  vieidn  inaoJubte  oxycblofide  of  sine  and  a  »uliible  compotind  of 
zinc-chloride  with  chbride  of  T<*tpethyiphoBphonimn,  2P(CH*)*CLZn"Cl*.  (Pcbal, 
Ann.  Ch,  Pharm.  m.  194;  Jahivsh.  1861,  p.  491.) 

Compttundt  of  Ph^sphitric  Oxt^hhride  with  MetalUc  chloride  (C  a  §8  el  man,  Ann. 
CL  Fhimn.  xcL  241 ;  Jtcviii.  213  ;  Jahrwb.  1864,  p.  360;  ISM,  pi.  282).-^Oxychlorido 
al  pbfMpiboftta  fbfiDi  ciyiitaliine  compounda  with  aQreral  metallic  chlorides.  Tbo 
mtumimmm  compound,  AlCl'.POCl*,  \a  obuined  by  heating  cMorideof  iduJuiDium  with 
exeeas  of  the  oxychloride  in  a  iii^Ated  tube,  and  aeparatea  on  alov  cooling  in  tranirparent. 
colonrlew  crv«taU.  It  melta  at  166*=*,  aolidifies  in  thi*  eryntalline  form  on  cooling,  boili 
at  a  heat  below  redneia,  and  may  bo  paaaed  in  the  state  of  vapour  thruagh  red-hot 
tubes  witbont  decompoaiUon.  It  deliquescefl  when  exposed  to  the  air,  and  dissolves  in 
water,  with  conaidernble  rise  of  t^mperatare^  and  formation  of  alumina,  hydrochloric 
add,  and  phosphoric  add  (Casselmann,  Ann.  Ch.  Pharm.  xcTiii.  213;  Jahresb, 
1846,  p*  282).— A  ma^estum'-compoundt  JC^'Cl*  POCP,  is  formed  in  like  manner,  but 
Tery  slowly,  &nd  may' be  freed  from  ezoeaa  of  the  oxychloride  by  probtiged  heating  lo 
150**  in  a  current  of  dry  air»  It  ia  inodorooa ;  deliquesce  pt ;  ia  decompt>«ed  by  wat«r 
lik«  the  preceding  compound  ;  and  b  resulred  at  a  red  heat  into  cbtoride  of  magnesium 
nnd  oxychloride  of  phoaphoms. — A  sianniv  compound^  8a*'Cl*.P0Cl',  is  producfd  im- 
tncdiately,  ai  a  white  crystaUtne  mass,  on  briugiDg  stannic  chloride  la  cont^ict  with  oxy- 
clilorida  of  phosphorus.  It  also  sepsrates  in  crystala  from  the  yellow  liquid  formed  on 
treating  the  compound  SnCl*,SCl*  with  oxychloride  of  phosphorus.  It  ha<t  a  peculiar 
tKlonr,  melts  at  65^,  bolls  at  180°,  and  if  protected  from  contact  with  moist  air,  distils 
over  ancbanffed.  It  fumes  in  the  air  and  is  decomposed  by  watar,  yialding  staunie 
chioridef  hyoniehloric  acid  and  phosphoric  add;  if  a  large  quantity  of  water  is  pn-scnt, 
slaniiic  phosphAtc  wparates  ouL 

A  oompound  of  phosphoric  oxjchloride  with  eMotidt  of  ehic  is  produced  by  di^tiUing 
the  two  Hubstaiices  together  in  an  apcioratus  which  allows  the  distilled  liquid  lo  flow 
back  conitnually  on  the  fused  chloride  of  xinc  ;  or  by  passing  the  Tapour  of  the  oxy- 
chloride orer  melted  sine-chloride,  kept  at  a  temperature  bebw  ita  boiling  potnL  It 
coil  ecu  in  the  receiver  in  rliombic  czystals. 

Oxychloride  of  phosphorus  does  not  act  on  ch!orfd€  of  copper  eren  when  heated. 
Menurie  ckfortd^  slowly  heated  to  100°  with  the  oxychloride  in  sealed  lul)es,  becomes 
corered  with  colourless  cnstalfc  The  chIoride4i  of  p0t€U4ium,  wdium,  and  barium  »r« 
cDQTerted  by  simihir  trt'fltnient  into  gelatinous  masses. 

YHOAFSOSUSf  SKXiS]iril>28  OF*  Theae  compounds  hare  recently  been  in- 
T**8tigated  by  O.  H  a  ti  n  (J,  pr.  Chi  m.  xeiii.  430;  Bull.  Soc  Chim,  1865,  ii.  20).  Bcraeliua 
bhowed  tiiat  i^'lcnium  und  pht«phorua  unite  in  all  proportions  when  heated  togethri* 
(GmsftVj  Handffook,  ii.  212);  Bogeu  (Ann.  Ch.  Pharm.  cxxiv.  57  J  obtained  pentasele* 
Hide  of  phosphorus  by  healing  2  at.  amorphous  phosphorus  with  6  kU  selenium  in  a 
atream  of  carbonic  anhydride;  and  Hah  n  by  a  similsr  prucess  has  obtained  the  com* 
pounds  P*Sc  P'Se,  I'^'Se*,  And  P'Sc*,  analogous  to  the  sulphides  of  phoiftphonta.  A 
known  weight  of  cn^linary  phosphorus  having  been  dried  in  a  bulb^tube  in  a  stream  of 
hydrogen,  the  required  quantity  of  pulreriaed  selenium  is  added  and  the  mixture  is 
heated :  combination  then  takes  place  at  tempei&tnrM  aboTe  lOO^i  attended  with  evo- 
lution of  light  and  heut. 

SeoilBelemtae  or  Sii1»»eleiitde«  P^Se.— This  compound,  when  freed  Crom  excess 
of  amorphouii  plro«»phonui (produced  by  the  heat)  by  (li«*t illation,  or  by  straining  through 
a  cloth  under  w;i*er,  forms  a  dark  yellow,  oily,  fettd  liquid  which  solidifies  at  — 129,  and 
is  converted  by  heat  info  a  colourless  rapour.  When  dry  it  taki»  Are  immediately  on 
coming  in  contact  with  the  air;  it  is  also  set  on  fire  by  red  fciming  nitric  acid.  In 
water  containing  air,  it  be^mea  covered  with  an  opaque  crust,  and  is  partly  decom- 
posed, the  wait-r  taking  up  phosphoric  acid  and  a  selenium-compound.  It  disaolves 
easily  in  sulphide  of  carbon,  but  is  insoluble  in  alcohol  and  ether,  by  which  it  appears 
to  be  decomposed.  It  is  not  nttacked  by  cold  alkaline  solutions;  but  when  boilcdwith 
them  it  is  decomposed,  with  fvolution  of  phosphcretted  hydrogen  and  formation  of  a 
frr'lr^uide  and  s«'l«'nitc  of  thfi  ulk^li-metaK  In  iiolutions  of  metallic  salts  it  becoBies 
fovcrfd  with  a  cniKt  nf  mftullic  p!]0Sphide  and  frelenide. 

9rotoselenlde  of  Pties|»tionts«  P*3e,  is  at  ordinary  temper&tiin's  a  light  red 
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solid  body,  which  sublimes  when  heated  and  barns  when  set  on  flre  with  a  bright 
flame  and  red  smoke.  It  is  permanent  in  dry  air,  but  decomposes  in  moist  air,  gtviBg 
off  selenide  of  hydrogen.  It  is  inapluble  in  alcohol  and  ether;  snlphide  of  carbon 
abstracts  from  it  variable  quantities  of  phosphorus.  Boiling  potash-ley  deoompo«efl 
it,  with  erolntion  of  selenhydric  add,  and  formation  of  a  red  substance  containing 
^th  phosphorus  and  selenium. 

Metallic  8eleniohyponho$phiU$, — B^  careful^  heating  dry  miztores  of  pio- 
toselenide  of  phosphorus  and  a  metallic  selenide  in  equiyalentproportions,  seleniun- 
BRlts  are  obtained  having  the  general  formulae  ](PSe.F^  orMPSe*  and  M^SeJ*^  «- 
MT^Se*  according  to  the  atomicity  of  the  metal 

The  potamum-aaltt  KPSe,  is  white  and  permanent  in  dry  air;  in  moist  air  it  «z- 
hales  selenhydric  acid,  and  becomes  coyered  with  a  red  crust.  With  de-aeratod  watev 
it  forms  a  solution  which  quickly  decomposes,  with  eTolutioo  of  selenhydric  add,  aepa- 
mtion  of  selenium,  and  formation  of  potassic  phosphate.  It  dissolves  with  partial 
decomposition  in  absolute  alcohol,  and  cannot  be  crystallised  from  this  solution.  The 
alcoholic  solution  sdded  to  solutions  of  metallic  salts  having  an  alkaline  reaction, 
throws  down  easily  decomposible  precipitates  consisting  of  metallic  selenio-hypophos- 
phates;  the  precipitates  formed  in  like  manner  in  acid  solutions  contain  vanable 
quantiUea  of  metallic  selenide.  Brotoselenide  of  phosphorus  fused  with  2  at.  selenide 
of  potassium  forms  a  red  substance  which  when  heated  with  alcoholic  solution  td 
potai^h,  gives  up  selenide  of  potassium  and  leaves  the  white  compound  KPSe. 

The  seleniobypophosphites  of  sodium^  barium,  inm,  mangafU9e,  lead,  coftfer,  and  tU- 
VfT  are  obtained  in  the  same  manner  as  the  potassium-salt.  The  preparation  of  those 
Containing  the  heavy  metals  is  dangerous,  unless  small  quantities  only  are  c^Msrated 
upon;  larger  quantities  take  fire  even  when  briskly  rubbed  in  a  mortar.  The  seLenio- 
hypophosphites  of  tlie  heavy  metals,  with  exception  of  the  manganous  salt^  are  veiy 
stable,  decomposing  only  at  high  temperatures.  They  all  dissolve  in  nitric  acid ;  only 
the  manganous  salt  in  hydrochloric  acid  They  are  slowly  decomposed  by  boiling 
alkaline  solutions. 


TrisatoBlde  of  VtioaptamnMi  or  Vlioaplioroiui  Menide.  P*S*. — This  com- 
pound, analogous  in  composition  to  phosphorous  oxide,  is  a  solid  body  of  a  daik  ruby- 
red  colour,  and  having,  when  pulverised,  the  aspect  of  amorphous  phosphorus.  When 
heated  it  is  converted  into  a  yellow  vapour  which  condenses  in  films  of  very  various 
colour,  ftom  light  yellow  to  very  dark  red.  It  bums  in  the  air  with  a  feeble  fiameand 
red  smoke ;  oxidises  slowly  in  moist  air ;  and  gives  off  selenhydric  add  when  boiled 
with  water.  It  is  insoluble  in  alcohol,  ether,  and  sulphide  of  carbon,  hut  dissolves 
easily  in  caustic  potash-ley,  less  easily  in  alkaline  carbonates. 

SeleniophospkiUt,  2M«e.P«Se«  =»  M<i«Se»  or  2M'^3j>'Se«  «  ]rf«P^Se^ 
according  to  the  atomldty  of  the  metaL  When  1  at^  phosphorous  selenide  is  fused 
with  2  at.  of  a  metallic  selenide,  compounds  are  formed  whicn  appear  to  be  of  definite 
constitution,  inasmuch  as  if  a  larger  proportion  of  the  phosphorous  selenide  be  used, 
the  excess  may  be  extracted  from  the  ftised  mass  by  solvents,  leaving  a  residue  having 
the  above  composition. 

The  potassium-salt,  K*F"Se*,  is  yellow,  very  hygroscopic,  and  decomposible  by  water ; 
soluble  in  a  mixture  of  alcohol  and  ether,  less  soluble  in  pure  aloonol  or  pure  ether, 
any  excess  of  phosphorous  selenide  remaining  undissolved.  The  solutions  form  witfi 
the  salts  of  the  heavy  metals,  unstable  predpitates  of  the  corresponding  met^c  com- 
pounds. 

The  yellow  sodium-salt  and  the  light-red  barium-salt  have  been  prepared  by  direct 
combination  in  the  dry  way ;  also  the  manganese-salt,  Mn*P*S€r,  the  eopper-sdit, 
Cu*P>8e»,  the  lead-salt,  rb«P*Se*,  and  the  silver-salt,  Ag*P«e»,  which  are  daft  yellow, 
amorphous  and  tolerably  stable  substances,  dissolved  or  decomposed  only  by  red  nuning 
nitric  add,  excepting  the  maiiganous  salt,  which  is  dissolved  also  by  boiling  hydro- 
chloric add. 

VmitaaftleBide  of  VtiesplioraSy  VlioaplMrle  BetoBlda.  P*Se*. — ^This  com- 
pound, analogous  in  composition  to  phosphoric  oxide,  is  more  difficult  of  preparation 
than  Uie  preceding ;  it  is  necessary  to  use  very  finely  divided  selenium,  prepared  by 
predpitation  with  sulphurous  acid,  and  to  mix  the  substances  very  intimately!^ 
exposing  them  in  a  ^ass  tube  to  a  heat  just  suffident  to  melt  the  phosphorus  before 
subjecting  them  to  a  strong  heat  It  is  solid,  dark  red,  permanent  in  moist  aa  well  as 
in  dry  air,  but  decomposes  when  distilled  It  is  insoluble  in  sulphide  of  caiboo ; 
decomposed  by  potash-ley  even  in  the  cold 

Seleniophosphates,  2M'Se.F^*  »  M^F'Se\— Pentasulphide  of  selenium  like- 

*  AiMlogoiu  to  h}-pntheiir«l  anhydrous  hypophosphitos.  MPO  or  M^O.P^O  (p.  5M>. 
t  Analogous  to-hypotheiiul  anhydrous  phosphites,  M'P^O^  or  SM^.P^O'. 
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mm  ttiiilea  with  m«t«ulic  sekmidos,  appareatly  formiug  Riilu  analogous  in  compoaiiion 
!<♦  the  pjropbofiplijitefl ;  but  they  urt^  Tery  iiiiiUble  and  their  compositiou  canuot  bo 
j'fgardi^d  a»  definitively  esubliahed.  The  p(it4t*itium'salt^  E*P^',  is  djurk-colouivd, 
dJiqueflcent,  and  immi-diatLly  d*H?*impo»ed  by  wat^r,  alcohol,  and  ether.  Heuee.  when 
add»l  to  wltitions  of  metallic  salLs,  it  forms  precipitutes  oouaisting  merely  of  metallic 
pboaphido  and  aoleuide.  Similar  remarkjs  upply  to  the  Modium^sali  and  to  the  harium* 
0itU,  which  in  of  a  light  brick-red  colour.— The  copper^atif  Cu!'F^\  and  the  sUtfer-sa/i, 
Ag*V^\  are  black,  with  metaDit:  lustre,  permanent  in  the  air,  and  leave  metallic 
photphtdee  when  ignitad;  they  are  dtaaolTed  oulj  by  ^miiig  nitric  acid*  The  Uad**ai$ 
u  black;  the  mampanae^saft  light  mL 

FBOSFaOAirs,  SUX^FSSOSS  0F,  When  ordinary  phospbomii  and  sulphur 
art"  h»^iit*'d  r4>g»thtir  in  the  dry  Kfnt«>  or  mdted  together  under  water,  combioation 
takee  plsco  between  ibem,  attended  with  ririd  eombuation  and  often  with  riolent 
•xploBioik  When  amorphoua  phoephorua  ie  imedi  the  reaction  ia  not  exptoaiYe  though 
atUl  vary  mpid. 

flix  di0(>rent  oompotuids  of  solphiir  and  phoaphonta  hare  bean  obt^oed,  nanwly 
P'S,  F«S,  P'S',P^.  P^and  P^*»,  the  lbr«l,  aeeond,  fourth  and  fifth  being  analogotu 
to  the  aelcnide  abore  deacHbed.  They  may  all  be  formed  by  heating  the  two  hodiea 
t^tgv'ther  ill  the  required  proportiona;  bat  the  trii*ulphide  and  pentJisulphidt'  ajne  iiioc« 
«iMaly  pnparad  by  warming  the  protoaulphid*-  with  adtlitional  proportioua  of  eulphwr. 
Jloreover,  the  two  lower  anlphidea,  P*8  and  F^S,  exhibit  iflomeric  modifications,  each 
biillg  capable  oi  exijtiing  aa  a  ooknirleaa  liquid  und  a«  a  red  «olid.  The  proto-.  tri-  and 
peiitiwiilphides  of  phoephoraa  unite  with  metallic  auJphidea^  forming  sulphur-^dt^ 
luialo^oita  to  the  «eleuium*Balt«  abore  deaeribed.  Our  knowledge  of  the  sulphidea 
of  phoaphorus  ift  due  chieflv  to  the  reaearchea  of  BerEeiiu«.  {Ihxiti  d$  Chmu^ 
Pana,  1845,  i.  816 ;    Gmeim's  Mttndhotd\  ii,  209,) 

Bemlanlplildtt  or  Subaalptiiae,  P^S.  Byp<miljidi  pjko^pkareux.  Pko^phoraul- 
fur  ft,  a*  Culourle%»  liquid  modification. — Thia  modification  ia  prepared  by 
melting  4  at,  phoaphoma  and  1  at.  lulphiir  under  hut  water,  or  by  heating  Ihem  iu 
the  drv  Btate  in  m  aeiLled  tube  to  about  60^,  after  the  oxygen  of  the  enclosed  air  haa 
beentaJcen  up  by  the  phoAphoraa ;  also  by  digesting  phosphorua  in  an  alcoholic  aulutiou 
of  poCaaaium-prs^ulphirte  (liter  of  aulphur). 

The  product  \\xMa  obtained  ia,  at  ordinary  temperaturea,  a  transparent,  colourleaa 
liquid^  having  the  con-^istence  of  a  fixed  oil.  At  a  few  decrees  below  0*^  it  aolidifiea, 
forming  a  nmss  of  aleudtT,  colourleaa  cryatals.  It  fumes  in  the  air,  and  exhales  the 
odour  of  phofiphoma.  In  an  atmoapbere  it^^  from  oxygeni  it  may  be  distilled  without 
ulteration.  It  readily  takes  fire  in  the  air,  particularly  when  abeorbed  by  poruua  bodicn. 
It  ia  inaoluble  in  alcohol  and  ether;  but  thcwie  liquid*  are  gradually  altered  by  it, 
cren  out  of  contact  of  air,  and  the  new  products  disaolTe  in  tbo  liquid,  while  thf^ 
remaining  sulphide  undeigoea  no  alteration,  but  merely  dimiiiiahea  in  Tolume,  Oib, 
both  ftzed  and  rohittte,  d^solve  it  in  sntall  quantity:  the  aolution  ahine^  In  the  dark, 
and  ffiTra  of^  slight  fumf«  when  in  contact  with  the  air.  Subaulphide  of  phoephoruN 
diasolre»t,  wlvh  the  aid  of  bf^at,  nn  additional  quantity  of  phoapborus,  bat  deposits  it 
again  in  the  fonn  of  rhombic  dodeeuhedrona  on  cooling. 

It  may  be  pn*»orved  without  alteration  in  a  bottle  filled  with  boiled  water  and  well 
eotked ;  but  in  water  impregnated  with  air.  the  pbospborus  gradually  oxidises  and  is 
eoAverted  into  phosphoric  ucid;  hence  the  liquid  aoquiree  an  acid  reaction.  Whe^n 
boiled  with  water,  it  slowly  exhalea  tnlphYaric  aciil^'When  digcated  tn  solution 
ii( potatA  or  joiid,  it  yields  a  phosphate,  solpbydrate.  and  polysulphide  of  the  alkali* 
metal ;  and  there  finally  remains  a  quantity  of  phosphorus  f^  nom  sulphur,  which 
Bolidifiea  on  cooling. 

/9.  Red  Modification.  Formed  when  the  preceding  substanei^  or  the  liquid  pro- 
toeulphide  of  phoaphorus,  b  gently  houtcd  in  contact  with  an  electFO-poeitiTe  metallic 
sniphide.  It  is  bit  prepared  as  follows : — A  layer  of  anhydrous  carbonate  of  sodium 
tw«i  inches  thick  is  pbic^  in  a  tube  »ix  or  eight  inches  long,  and  a  quantity  of  lic^nid 
protoeulphide  of  phoupborai  poured  upon  it,  drop  by  drop,  till  the  corbomvto  of  sodium 
IS  slightly  impregiiftttd  with  the  liquid  thi^ughout.  The  lube  is  then  closed  with  a 
cork,  through  which  a  gtui-delivery  tube  possee,  and  immersed  in  a  sand- hath,  to  »ueh 
a  depth  that  the  level  of  the  sand  may  be  a  little  aboTe  that  of  the  salt  within  the  tul>e. 
The  sand-bath  is  raided  to  a  temperature  sufficient  to  maintain  the  water  in  a  re^^A 
placed  beside  tht^  tube  in  a  state  of  constant  ebullition.  On  withdrawing  the  tube 
from  the  sand  from  time  to  time,  it  is  found  that  the  mass  first  turns  yellow  without 
fusing,  and  afl^^r wards  assumes  a  red  colour,  which  commences  at  the  bottom,  and 
gradually  extends  itself  upwards,  increasing  at  the  same  time  in  intensity.  Above 
the  saline  mass  there  in  deposited,  on  the  sides  of  the  tube,  a  spontaneously  inflam- 
mitble  sublimate  of  phodphofoua  anhydride,  formed  at  the  expense  of  the  air  already 
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contained  in  the  tnbe,  and  of  that  which  enters  slowly  and  insensibly  through  the  ^as^ 
delivery  tube.  As  soon  as  the  red  colour  ceases  to  spread  any  further,  the  tube  is  with- 
drawn from  the  sand-bath  and  left  to  cool.  When  perfectly  cold,  it  must  be  scratched 
with  a  file,  a  line  or  two  below  the  upper  limit  of  the  red  tint,  then  broken  at  that 
point,  and  the  two  ends  immediately  thrown  into  water,  as  the  surfaces  of  the  ^alinn 
mass  would  take  fire  instantly  on  coming  in  contact  with  the  air.  The  water  dissolres 
out  a  quantity  of  8u]phophosi)hite,  phosphate  and  carbonate  of  sodium,  while  a  red 
powder  is  left  behind.  This  is  to  be  well  washed  with  cold  water  previously  freed 
from  air  by  boiling;  and  then  left  to  dry  on  the  filter  placed  ttp^n  filtering  paper  to 
absorb  the  moisture.  The  powder  thus  obtained  is  the  rod  hemisulphide  of  phosphorus. 
To  insure  success  in  the  prepantion,  it  is  necessary  to  use  the  exact  proportions  of 
alkali  and  sulphide  of  phosphorus  required,  and  to  avoid  the  application  of  too  great 
a  heat.  If  the  quantity  of  protosnlphide  is  too  small,  phosphorus  is  set  free ;  and  when 
it  is  too  greats  other  red  compounds  are  produced  containing  lees  phosphorus.  If  the 
temperature  rises  too  high,  the  mass  blackens  without  fusing ;  the  phosphorus  redueea 
the  carbonic  add,  and  a  quantity  of  chansoal  is  obtained,  impregnated  with  phos- 
phorus and  mixed  with  phosphate,  metaphosphate,  and  persulphide  of  sodium. 

Red  subsulphide  of  phosphorus  is  a  crystalline  opaque  powder  of  a  beautiful 
deep  Tcrmillion-oolour.  It  has  neither  taste  nor  smelL  Heated  in  a  small  dis- 
tillatory apparatus  filled  with  hydrogen  gas,  it  volatilises  witiiout  fusing,  and  con- 
denses in  the  recerver  as  ooloorless  liquid  subsulphide,  but  this  change  does  not  take 
place  till  the  temperature  is  raised  above  the  boilinff  point  of  the  latter.  Pure  nitric 
ncid  of  density  1*22  has  no  action  on  this  oompounaat  first;  but,  after  a  certain  time, 
the  snbsuli>hide  dissolves  suddenly  and  with  great  violence.  By  leas  concentrated 
nitric  acid,  it  is  not  attacked  without  the  aid  of  heat. 

Protosulpbidev  P^. — Sulphohyjxyphosphoric  acid,  Hypo&uyidephosphorique.  Un- 
Urphosphartffet  Su(fid.  Phosphor autjur.  a.  Colourless  liquid  modification. — 
Prepared  by  fusing  together  one  atom  of  sulphur  and  two  atoms  of  phosphorus,  in  the 
same  manner  as  in  the  preparation  of  the  subsulphide. 

It  is  a  transparent,  yellow,  strongly  refractive  liquid,  not  very  mobile ;  has  a  strong 
and  repulsive  odour,  recalling  that  of  phosphorous  acid  and  of  chloride  of  sulphur. 
It  may  be  distilled  without  alteration  in  an  atmosphere  free  from  oxygen.  It  is 
colourless  in  the  gaseous  state.  At  a  certain  number  of  degrees  below  0^  it  solidi- 
fies and  forms  a  colourless  mass  of  small  interlaced  crystals;  but  its  crystallising 
point  is  lower  than  that  of  the  subsulphide.  It  fumes  in  the  air  and  is  luminous  in  the 
dark;  likewise  emits  light  when  yaporised  in  nitrogen  or  hydrogen  gas  free  from 
oxygen.  It  adheres  strongly  to  dry  solid  bodies:  if  a  small  quantity  of  it  gets  attached 
to  £e  nngers,  it  cannot  hei  removed  by  water,  even  with  the  aid  of  soap,  unless  the 
skin  be  previously  mbbed  with  oiL  It  takes  fire  easily  in  the  air  at  a  slightly  elevated 
temperature,  burning  with  a  bright  flame,  like  that  of  phosphorus,  and  emitting  a 
thidc  smoke.  It  does  not  take  fire  spontaneously  when  a  drop  of  it  is  let  fidl  on  a 
solid  body;  but  when  absorbed  by  a  porous  body  and  exposed  to  the  air,  it  soon 
becomes  heated  and  takes  fire. 

Decomposition*. — I.  When  nrotosulphide  of  phosphorus  evaporates  slowly  in  a  con- 
fined space  (as  a  bell-jar^  filled  with  moist  air,  whicn  is  slowly  out  continually  renewed, 
it  is  converted  by  oxidation  into  sulphuric  and  phosphoric  acids,  which  are  deposited 
in  the  form  of  aqueous  solution  on  the  sides  of  the  yessel  and  around  the  liquid  itself! — 

2.  In  a  limited  atmosphere  of  dry  air  slowly  and  continually  renewed  (as  in  a  glass  tube 
imperfectly  closed  by  a  cork)  it  is  gradually  converted,  in  the  course  of  three  weeks,  into 
phosphorous  anhydride,  which  forms  a  white  mass  in  the  upper  part  of  the  tube,  and 
takes  fire  on  removing  the  cork, — ^persulphide  of  phosphorus  (p.  606X  which  crystallises 
at  the  bottom  of  the  liquid, — and  a  brown  substance,  which  collects  on  the  sides  of  the 
tube,  in  a  layer  of  continually  increasing  thickness,  and  is  resolved  by  digestion  in 
water,  into  phosphoric  and  sulphuric  acids,  and  hydrated  suboxide  of  phosphorus. — 

3.  Placed  in  a  tube  imperfiectly  closed  by  a  cork,  and  heated  in  a  sand-bath,  it  is  con- 
verted into  a  white,  spontaneously  inflammable  mass,  consisting,  for  the  most  part,  of 
phosphorous  anhydride.— 4.  Water  has  but  very  little  action  on  this  liquid.  Under 
de-aerated  water  it  may  be  kept  almost  unchanged ;  in  water  containing  air  it  emits 
after  a  while  the  odour  of  sulphydric  acid,  and  deposits  finely  divided  sulfur. — 6.  With 
alcohol,  ether,  and  oils,  both  fixed  and  volatile,  it  behaves  like  the  subsulphide. — 6.  It 
is  decomposed  by  diffestion  with  caustic  alkalis,  the  products  being  a  phosphate,  sul- 
phydrate,  and  polysiuphide  of  the  alkali-metaL — 7.  When  it  is  heated  gently  in  contact 
with  A  metallic  sulphide  in  an  atmosphere  free  from  oxygen,  great  heat  is  evolved,  and 
a  considerable  portion  of  the  liquid  distils  oyer  with  almost  explosive  violence :  at  the 
same  time  a  sulphohypophosphite  of  the  metal  is  produced  in  which  the  sulphide  of 
phosphorus  exists  in  the  red  modification. — 8.  On  digesting  this  compound  with 
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fiirtAllie  KolntioDt,  Btdphidi-b  of  th«  mcUl  coritAining  TmRabI«  qimDtitiea  of  miipholivpo- 
Fiulphitr  Hre  slowly  deposited,  the  vari»tioQ  in  the  tfmilti  untdtifi:  from  oxidttlion  of  the 
phoaphoniB  nt  the  eJLpetmo  of  the  metxllic  tiolutioii,  the  qoAoiiitj  thus  ozidified  dep^ndiii)^ 
upon  the  tempenitim?  and  the  concenlmtiou  of  Uie  solution.  From  Bolutious  of  i^aniJy 
miiieible  meuU,  »acb  us  Mtiuer,  nothing  bat  li  sulphide  of  \h^  meul  u  precipitated. 
Ctfptr  giTM  ■  precapiute  of  lulphoh^pophcMphite.  \Vith  Hmmonincal  solution  of 
citproK*  chloride,  a  dvk-red  precipitate  m  obtained,  refH^nibLiikg  L'uprouB  ojtide. 

il.  Red  ModificAtioD.  Obtidned  by  decompostng  fmlphobypophoapbite  of  mMii- 
girncae  vtth  b jdruchloric  acid : 

It  ft  an  ormnge-tKiloiired  powder,  indiiung  to  yellow,  tjustclt?*^  Mn*i  ir»«j<loroti« ; 
nniiltenible  l»oth  in  air  and  water.  By  dry  distilbiDon  it  ia  conrerted  into  tht*  liquid 
protoBuli^idc,  without  previouK  fusion.  It  aiufuu>e«  a  darker  colour  wheii  hcatod,  birt 
regains  its  origiukl  tint  oo  cooling.  Takc«  0re  in  Xht  air  at  a  temperature  near  10U% 
and  burns  with  a  very  bright  flpLtnc^  emitting  »  thicJt  amoke. 

Wh«Q  it  is  digeelea  in  fcxcetui  of  strong  cau&tic  potash  at  ordinary  ti^mperiittuvi^ 
phoaphorett^  hydrogen  gns  of  tbe  leas  inflammable  variety  is  difcengage<i,  and  the 
alkali  dis«otv(ii  »mall  qunntitif^  of  pht^phorie  ac*id  and  tri»itlphtdf»  of  pboaphornH.  On 
1  hie  application  of  heat,  Lht*  whole  i»  di^^jlv^d,  yi44ding  the  same  proauiCts  as  thf  liquid 
niotiifjcalioo  (p.  600).  CanHfie  anunoma  diiisulire»  it,  but  not  without  great  diHieulty, 
ft^^riiiing  a  yellow  solution^ 

Suiphoh^poph0$phii€tt^  Jf  S,P'S  or  MPS.  -Protoaulphide  of  pbosphoniB  uml«0 
with  metallic  sulphides,  funning  cumpouuda  analogous  to  tin*  ^eleniohypophosphites 
(p«  69S).  They  m«y  be  formed,  a*  above  mentioned,  either  by  precipitation  or  in  the 
dry  way ;  but  the  latter  method  nffords  much  purer  products  than  the  former. 

Cnpric  »tdt,  CuT*S*  »  Cu'S.l'^S. — To  preptir*'  thi^  continjimd.  prtvipilateiii*ijlphideof 
Cupper,  dried  by  gentle  heating  in  a  stream  of  i»ulphydrio  acid  gas^is  nioie»tea<Hl  with  liquid 
pr\itij«ulphide  of  pho^phoruti  in  a  tube  hairing  two  bulbs  blown  on  it.  Oo  applying  x\ 
gentle  heat,  combination  takes  place  at  tended  with  great  rise  of  tempemture,  uod  the 
ureater  part  of  the  excess  of  protoeralphide  distill  uff:  the  re»<t  may  be  expelled  by  a  gentle 
beat  The  remaining  cupric  «iilphuhypopho!«phite  is  a  blaek- brown  mnss  yielding  a 
1i|^ter  powder  by  trituraUon,  and  uauaUy  eoufaiuing  a  littlt^admixt-d  sulphide  of  oopper. 
ItdissoiTCi  »bghtly  in  iKjiling  bydn>ehl<>rie  add,  and  is*  oxidiwni  anddi*j<<>hvd  by  nirn>- 
muriatic  acid.  By  distillation,  it  givti«>  off  a  ^nioll  quantity  of  liquid  protovulpbide  *»f 
phowphorUHf  then,  at  an  incipient  rfnl  hear,  a  nnlphide  of  phottphorus  contaimug  a  Ini'^u 
proportion  of  sulphur,  leaving  liver-colourecl  cuprons  sulphohypophosphi  («•» 
Cu*3 J^  or  Cu PS.  This  latter  compound  ean not  bt?  obtained  by  direct  c*irabinution 
in  the  dty  way.  It  ts  produced,  however,  by  the  action  of  the  liquid  protohulphide  on 
an  ammoniac^  solution  of  cuprons  chloride*  It  is  not  altered  by  gentle  ignition  in  a 
close  vessel ;  but  when  h<'uted  In  contact  with  the  air,  it  bums  without  flame,  giving 
off  sulphurous  anhydridcL 

Fgrrou*  »altj  Fe^S.P'S  —  Fe'T^S*. — Prepared  in  the  same  manner  as  the  cuprio 
salt,  mnng  artifldaUy  preoared  sulphide  of  iron  in  the  »tate  of  fine  powder.  It  is 
n  coal-blaidE  powder  seneially  containing  a  litile  sulphopho«(phit'e  of  iron. 

Mmngoii%im9  stdi,  Mn*P^^  -  Mn'^^P'R-^ Prepared  like  the  copper-salt.  It  is  gi^en^ 
lighter  than  manganous  sulphide,  is  completely  decomposed  by  diy  distillation,  and 
burns  in  the  air  with  a  strouK  phosphorus'flame.  It  is  deeonipos«<l  by  boiling 
hydrochloric  aetd^  manganous  sulphide  dissolvings  and  protoeulphide  of  phosphorus 
remain  ing  in  the  i^kI  modi  Beat  ion. 

Mercuric  Boit,  Hg*'8.P*8.— Finely  divided  cinnabar  unites  at  a  gentle  heat  with 
prot4^i«iul|>hide  of  phosphorus,  and  after  the  es4!era  of  the  latter  has  been  removH)  by 
distillatiun  in  a  stream  of  hydrof^t'n,  tbero  remains  a  dingv  red  mass,  yielding  a  yellow 
pt^wdt-r.  It  is  eajHily  decomposed  by  a  stronger  heat,  withiiberation  of  metallic  mercury 
and  formation  of  a  yellowt»h-white  powder  (p»  0o3).  A  b^isic  salt,  2Hg"S.P*S,  is 
obtained  by  heating  mereuric  sulphopht»«phite  (p.  603)  in  a  retort- 

8Uv€T'SaHf  Agl"^  or  Ag*.*:5.P=S. — Formed  when  spongy  silver  (obtained  by  re^^neing 
the  chloride  with  Hilver  in  the  wet  way,  exhauifting  the  ma'W  with  cold  hydrochloric 
acid,  and  wushin^  with  water)  is  treattsd  with  protosulphide  of  phosphorus  at  a  gentle 
heat-  Combination  then  takes  place  with  some  violence,  and  sulphohypophosphite  of 
silver  is  formed,  together  with  a  higher  sulphide  of  phtH*phorus,  which  must  be  removed 
by  dtAtillatioQ  in  a  Mtream  of  hydrtj^en.  The  »ilver-8u]phohv]iophosphite  niwy  alw  bn 
obtained,  mixed  with  a  large  quantity  of  Kilver-aiilphide,  by  wjiruiingtbe  Irtllcr,  n-cenflv 
precipitated^,  with  liquid  protosulphidpi  of  phofiphoruj*,  and  tr*-utinj^  thp  mixture  witK 
warm  nitrit*  acid,  which  dissolves  only  tb*'  II lu^^mbinMl  Mulphitle  of  silvpr.  The  c*»ni- 
pound  in  black,  but  yields  by  triturattou  a  dark  brown  powder  witb  a  tinge  of  violet < 
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By  dry  distillatiun  it  becomes  semifluid  and  swells  up  strongly,  the  sulphide  of  phos- 
phorus passing  over  and  the  sulphide  of  silver  remaining.  The  eompoimd  is  adnelj 
attacked  by  hot  nitric  add. 

Tritosulphide  of  Phosphorus,  P'S. — This  substance,  which  may  be  regarded 
as  a  compound  of  the  hemi-  and  proto-sulphides,  (P^S  -i-  P'S  »  2F%)  is  prepared  as 
follows.  Precipitated  sulphide  of  sine  is  treated  with  liquid  protosulphide  of  phos- 
phorus, as  in  the  preparation  of  sulphohypophosphite  of  copper,  whereby  H  is  con- 
verted, first  into  yellow  snlphohypophoephite  of  sine,  and  afterwards  into  a  red 
compound  consisting  of  (Zn'd.P^)^Zn''S.P%) ;  and  on  treating  this  compound  with 
strong  hydrochloric  acid,  sulphide  of  sine  dissolves,  and  the  tritoeulphioe  of  phos- 
phorus remains  in  the  form  of  a  bright  red  powder,  tasteless,  inodorous,  and  pennanrnt 
in  the  air.  It  takes  fire  at  about  60^,  burning  with  a  phosphorus-flame.  When  sub- 
mitted to  dry  distillation,  it  first  turns  black,  Sien  distils  without  previous  fusion  ;  the 
distillate  contains  the  two  liquid  sulphides  P*S  and  P^S,  perhaps  combined  with  one 
another.  Cold  potash-ley  decomposes  the  compound,  with  evolution  of  the  less  in- 
flammable variety  of  phosphoretted  hydrogen. 

Sesqnisialpliide  of  PbosplioniSy  P*S".— This  compound  is  produced  bj  lieatiiig 

1  at.  sulphur  with  2  or  more  atoms  of  amoiphous  phosphoma,  and  ma^  be  freed  from  ex- 
cess of  the  latter  by  solution  in  sulphide  of  carbon,  whence  it  oystaUises  in  yellow  right 
rhombic  prisms  of  81^  30'.  It  melts  at  142°  to  a  reddish  mass,  and  sublimes  at  260^  in 
forms  belonging  to  the  regular  system :  hence  it  is  dimorphous.  It  is  more  soluble  in 
Kulphide  of  carbon  than  sulphnr ;  sliffhtly  soluble  in  trichloride  and  sulphochloride  of 
phosphorus;  dissolves  also,  but  with  decomposition,  in  alcohol  and  ether.  It  is  perma- 
nent in  the  air  at  ordinary  temperatures,  and  in  cold  water,  and  is  but  slowljr  decomposed 
by  hot  water.  Heated  in  the  air  to  about  100°  it  takes  fire.  It  dissolves  in  cold  dilute 
nitric  acid,  leaving  a  little  sulphur;  completely  in  nitromuriatic  acid  and  in  chlorine- 
water.  It  dissolves  in  sulphide  of  potassium  or  sodium,  probably  forming  definite 
compounds.  It  is  decomposed  by  aqueous  potash,  giving  off  hydrogen  and  phosphoretted 
hydrogen,  and  forming  sulphide  and  phosphite  of  potassium.  Heated  to  200°  with 
hydrate  oflead  it  forms  sulpnide  of  lead.  (G.  Lemoine,  Bull  Soc  Chim.  1864,  [1]  407.) 
Trisolpliide  of  PliosplioraSv  V^.Sulphophosphorous  acid,  PhospkorouM 
sulphide.  Sulfide phosphoreux.  PhosphorsuJfid, — ^Discovered  by  Serullas,  who  ob- 
tained it  by  the  action  of  sulphydric  acid  on  trichloride  of  phosphorus,  but  did  not 
further  examine  it.  Bene  1  ins  prepared  it  by  the followioe methods:  1.  Red  proto- 
sulphide  of  phosphorus  is  mixed  wiUi  the  quantity  of  sulphur  required  to  convert  it 
into  the  trisulphide  (1  at  P'S  to  2  aL  S),  and  the  mixture  is  heated  in  a  small  retort. 
The  heat  evolved  at  the  moment  of  combination  is  so  great,  that  a  small  portion  of  the 
mass  is  volatilised  with  violence.  The  whole  then  fuses  uniformly,  and  ultimately 
sublimes  in  the  form  of  a  transparent  crystalline  substance  of  a  pale  lemon -yellow 
colour.  If  the  distillation  be  interrupted  before  the  whole  is  volatilised,  the  on- 
sublimed  portion  retains  a  reddish  colour  while  hot,  but  on  cooline  acquires  the  same 
colour  as  the  sublimed  portion. — 2.  One  atom  of  sulphohypophosphite  of  manganese  is 
intimately  mixed  with  2  atoms  of  sulphur,  and  the  mixture  heated  in  a  small  retort  in 
an  atmosphere  free  from  oxysen,  till  nothing  but  protosulphide  of  manganese  remains : 
trisulphide  of  phosphorus  \b  tnen  obtained  in  the  form  of  a  sublimate  : 

Mn-'aPS  +  S«     -     Mn-S  +   P«8". 

If  a  sulphohypophosphite  be  employed,  the  base  of  which  does  not  so  readily  give 
up  its  sulphur-acid — the  silver-salt  for  example  —  only  half  of  the  trisulphide  of 
phosphorus  sublimely  while  the  rest  remains  in  combination,  in  the  form  of  snlpho> 
phosphite  of  silver. 

KekuU  (Ann.  Ch.  Pharm.  xo.  310)  prepares  this  oompcmnd  by  carefully  fbsing 
amorphous  phosphorus  with  the  requisite  quantity  of  sulphur  in  an  atmo^ere  of 
carbonic  anhydride ;  combination  then  takes  place  without  explosion,  but  nevectheleas 
with  great  rise  of  temperature,  so  that  part  of  the  product  is  sublimed. 

Trisulphide  of  phosphorus  is  a  solid  substance,  ox  a  pale  yellow  colour.  After  fbsioo 
or  sublimation,  it  remains  soft,  like  plastic  sulphur,  and  does  not  become  opaque  till  it 
hardens.  It  melts  ut  200°  (Lemoine)  and  sublimes  at  a  temperature  below  the  sublim- 
ing point  of  sulphur.  When  heated  in  the  air,  it  bums  with  a  whitish-yellow  flame,  and 
difiiises  a  thick  Hmoke.  In  moist  air,  it  decomposes  rapidly,  becoming  white  and  assum- 
ing an  acid  reaction,  in  consequence  of  the  formation  of  phosphorie  add :  at  the  same 
time  it  acquires  a  bitter  and  hepatic  taste.  This  decomposition  in  the  air  takes  place 
so  rapidly  that  the  8ul)stance  can  only  be  presen'ed  in  vessels  hermetieally  scaled. 
The  unnublimcd  rcddinh  trinulphidc  decomposes  in  the  same  way. 

Trisulphide  of  pliospliorus  18  nipidly  dissolved  by  the  fixed  caustic  alkalis  and  by 
ammonia.    The  bolutions  have  a  pale  yfUow  colour,  and  when  treated  with  acids  yield 
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n  light*  floi^ulcnt^  luid  Dearly  whit«  precipitule,  whidi  Mia  down  sluwly,  uiid  ha^  «  pale 
yellow  fHjIoor  whea  collected  in  a  niHM6 :  tbj»  prtvipitatv  tuay  be  wu^lied  Jind  drtf^d. 
TriBulphide  of  phusipborui  in  thii  9tjil«  it  less  impidljr  dacoRipui«cd  by  «zpo<iUi«  ta  thu 
nir  than  Lhat  wLich  hoA  been  fiuicd  ckt aublimtid.  It  Uimoertatu  whether  the  dtffi^reiu^e 
tljiui  priKluciid  by  tht»  Loflii^DC^  of  no  alkidi  depend*  upon  an  iflomoric  tnodificiitiarj. 
Trt.tiilphid(»  of  phcwphoruti  it^  etaOy  dliAolrdd  in  the  cold  by  carboniite  of  poUisdiuni  or 
mAivLtUt  but  di'positft  iiulphur  ftt  the  same  time — a  pruof  thjit  decompoeition  taiktai 
phice. 

8ulphopkeMpkit€M. — 1  atom  of  Iriculphide  of  phodphonu  unite*  with  %  atonui  of 
a  ntatailk:  protoKulphide,  furmiog  eidts  haTing  th«  oompoaition  "2M*S.¥^  »  M'F^ 

and  aJTSJ*^  «  M'P^*,  aceording  to  the  atotuieitv  of  the  metal:  These  cumpoundi  are 
produoed,  to^potber  witJh  {tee  trunuphide  of  phoeplionu,  by  rritunitiQ|£  ihc  corr««pond- 
log  tfulpbdhypophyiphitea  vith  the  n^quiitite  qnantity  of  sulphur: 

8*     *     2M^P*S« 


2(M'S.P»S) 


4     P»S». 


They  are  nUo  forfnt«d  by  heating  protONulpbido  of  phosphuru*  with  mefallic  poly- 
■ulptkidea,  juit  n»  certmn  lower  oxidefl  of  metiLlk»idii  are  cooirerted  by  heating  with 
metiillic  perttiUlr'^  '-  ♦  i  ;  -v,,vr  uxidc*  of  nn  aoid  tfluu-atfter,  which  then  unite  with  the 
baeea  formi-d  by  i  the  peroxidee.     Mmiy  t^ulphuphiitiphitt's  are  d«>compuii«d 

by  heat,  giving  till  ^      in  of  [UUMphorus,  and  leuviog  the  metallic  eulphide. 

Cuprie  SiUphojpkmphiU,  Cu*F*S*  *.  aCu'UP^S*.— Produced  by  preetpitatiug  an 
animoDiaciil  eulutiuu  of  cuprio  sulphate  with  auda-livi^r  of  milphur,  und  treating  the 
watiiied  proctpttHlif  (Cu^>^K  »fler  diriog  in  vacuo^  with  liquid  pfybo^iulpbido  of  pluw- 
p!ti>ru.H,  CoinbinatioD  thtiU  lake*  place,  attended  with  evolutiuD  of  heat,  and  the  exce«!£ 
iyS  pn^tuflulphide  may  be  ejcpelk'd  in  a  streum  of  hydnjigen.  TUu  <^'upric  Hylphupho^* 
phile  thc'U  nfinuina  aa  a  dark  yellow  [Kiwder  which  burnii  with  a  plioMphorue  flame 
w!ti«n  hrsitKl  intheair«  When  aulijei'tiKl  to  dry  dtt«till:ttiun^  il  giirtjauflfiiutphur  and  Wvtv 
11  dark  brown  baaie  eupnma  aulphohypophoMphite,  2Ca"Sj^. 

t^rmtuK  8ulphi)pKo0phit^^  Fi?»l**S*  -»  2Fe''S.P*8».— Obtained  by  mojslt'nmg  fini'ly 
itivided  irou  pyritea  (FeS^)  in  a  bulb-apptirmtoj*  with  lii|uid  protoe»ulphide  vf  {Aam 
l-Iioniti^audMpplyiug  a  g«mUtj  heaU  Aftor  tho  imceai  of  the  protownl phi Je  liiin  die<ttin(«i 
otf,  the  Nulpbopbot>phit4-  reniuinti  u^  a  d^irk  yollow  iii«j%  having  a  faint  dimLiIUc  luittiv 
1 1  iii>«e»olvi.'H  in  builiog  hyilrodduric  m>\i\,  and  deeompuaea  incoutact  with  moial  air^  emtt 
uii^  the  odour  of  aulphydric  acrid.  Hy  dry  di^tilLitiuu  it  givt-a  ofl*  sulphur,  and  leavcJ 
tliti  black-bruwn  com  pound,  2F«  "i>.l*^i:J. 

Mercuric  Stdph^pfu^aphiO,  U^^V^  -  aHg^aP^'.-^Pru^iueed  by  healing  the  c«>r. 
responding  sulphuhypuphoiipkiti'  m  a  retort  having  its  nt'ck  elojiod  by  a  rv>rk,  lo  about 
the  boiling  point  of  eulpbur.  A  bhw^k  maas  then  sublimea,  cuntaintug  Dumeruua 
gtotmlea  of  mercury*  and  mercuric  i»uiphoplto8phitt.t  n^main«^  a^  a  yeLtowiah- white  niaea. 
which  at  a  higherlemperatun»  ij»  re«oiTcd  Lutu  boaic  mercuric aulphohypophoepbite ana 
mei  curie  anlphophosphate : 

2(2Hg"S.P^)     -     2Hg"S.P«  +  2Hg"S.P«S». 

Sulphop)to9pkite  of  Silver,  Ag*P^  «  2Ag^.P^,— Produced  by  heating  finely 
dividtMl  tj liver  with  phoeplicras  jiud  sulphur  in  an  atmosphere  of  hvdxogen,  the  oombi* 
nation  taking  place  with  gr?at  Tiolencti.  The  product  after  being  heated  forms  a  grey 
lump,  yielding  a  light  yellow  powder.  Nitric  acid  decompoeea  it  eaaily,  and  diaaolvts  \X 
without  &ti|>aration  of  eulpbur, 

FentRaolplilde  ofrtioaplionut  P"8*. — Sutpkophoephoric  acid,  Fkotphoric  Sui- 
phidr.  Sui/idt  phot^phorwut.  l%nfphorrprr^Jid. — Thi*  eom|>ouQd,  analogous  to  phoa- 
phorie  oaide  or  anhydride,  it*  produced  :  1.  By  direct  combiaation,  when  sulphur  and 
phosphonia  are  haated  together  uUive  100^  in  an  atmospberv  free  from  oxygi^n.  With 
urdinary  phoitphorufi  the  combination  ih  utteudod  with  a  vvry  violent  and  dunc^'ruua 
rJi|>loaiou,  but  when  amorphoua  pho«phoru«  is  used,  no  ripttisian  takes  place,  tuuugh 
great  heat  i*  cvul  ved.— 2.  By  hmting  1  at.  »olid  protoaulphide  of  phosphorus  with  -1  aL 
biilptmr,  in  an  titniOttphere  free  fpjm  oiygen.  Tne  act  of  et^mbinntion  is  attendwl  la-ilh 
4A  suddtfn  disengugenient  of  heat,  by  which  a  portion  of  the  suWtHUce  is  rapidly  sublimed; 
but  there  is  no  explo?<ion  or  production  of  light, — 5.  Wlien  I  at.  iinlphohypophoHphite 
n(  !nangnne»«  in  bejiti-d  with  4  at  tiulpbiir,  tho  p<*ntaitulphide  frublimet*  at  a  g^Jiitli^  beat, 
b  living  prt^tomulphidi-  of  manganesci.  Snlphohyp'4ihospliitti  of  ail  fit  beatiHi  with  4  hI. 
Milphur  yieklii  Bulpbophoaphnle  of  ijilv^T,  while  half  nf  th«  (M^'ntai!iul{>hid«*  of  photic 
I'honia  publime4s,— -i,  PenliiMuJpbidii  til'  pbM!^plii»rTw  in  liki^wise  funneil  wlien  lh»« 
iii£uid  protobulphide  la  heattd  in  a  iurreiit  of  i»ulpliydrtc  acid  gaa»    A  |iale  lL(|iud  dibtihi 
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over,  which  is  a  solution  of  the  pentasulphide  in  the  liquid  protoflulphide,  and  yields  m 
small  quantity  of  the  former  in  ciystalline  scales. 

Pentasulphide  of  phosphorus  is  of  a  pale  yellow  colour,  like  the  tn«alphide,  bat 
crystallises.  When  it  is  sublimed  very  uowly  and  in  such  m  manner  that  it  can  form 
isolated  crystals,  these  crystals  are  trannxirent,  and  appear  perfectly  colourless  when 
thin :  their  faces  are  deeply  striated.  When  the  liquid  pentasulphide  is  distilled,  it 
assumes  a  crystalline  form  in  solidifying,  and  is  then  easily  detailed  from  the  glass. 
When  solidified  by  sudden  cooling,  it  does  not  crystallise,  but  forms  a  mass,  aometimrs 
yellow  and  transparent^  sometimes  whitiah  and  opaque.  When  obtained  by  fusion  from 
the  red  protoeulphide  of  phosphorus,  it  does  not  crystallise  on  ooob'ng,  unless  it  be 
first  sublimed.  After  being  fused  and  heated  to  the  boiling  point,  it  has  a  deeper 
colour,  like  that  of  sulphur.  Its  boiling  point  is  higher  than  that  of  sulphur,  and  tlie 
colour  of  its  vapour  is  a  less  intense  vellow  than  that  of  sulphur  yapour.  When  heated 
in  tlie  air,  it  bums  with  a  pale  phosphoric  flame,  and  difiiises  a  \&t^  quantity  of  smoke. 
In  moist  air,  it  is  decomposea  almost  as  easily  as  the  trisulphide,  and  transformed 
into  a  white  mass  impregnated  with  phosphoric  acid. 

Sulphophosphates,  Pentasulphide  of  phosphorus  dissolves  in  caustie  alkalw 
and  in  ammonia,  forming  pale-yellow  solutions,  from  which  acids  precipitate  sulphur 
with  abundant  evolution  of  sulphvdric  acid.  It  appears  as  if  no  alkaline  solph^ioB- 
phate  could  exist  in  contact  with  water.  The  carbonates  of  potasshim  and  sodium 
slowly  dissolve  the  pentasulphide  in  the  cold,  producing  at  the  same  time  an  abnnds^t 
deposit  of  flakes  of  sulphur.  On  heating  the  liquid  to^  about  60°,  the  sulphide  of 
phosphorus  dissolves  with  violence,  and  inodorous  carbonic  anhydride  is  evolved :  no 
deposition  of  sulphur  takes  place.  When  boiled,  the  liquid  evolves  carbonic  anhydride 
and  sulphydrio  acid  gases  together. 

Sidphophosphate  of  poiasnum  is  obtained  in  the  diy  way,  mixed  with  trisulphide  of 
phosphorus,  by  passing  phosphoretted  hydrogen  over  the  heated  compound  K*S' 
(H.  Bose).  The  colourless  salt  thus  produced  is  soluble  in  water,  but  is  decomposed 
thereby,  yielding  sulphydric  acid  and  pnoephate  of  potassium. 

The  neutral  sulphophosphates  of  the  heavy  metals  have  the  composition  if'P'S'  « 
2M'S  J^S^  analogous  to  that  of  the  pyrophosphates.  They  are  produced  ^  heating 
basic  sulphohypophosphites  with  the  corresponding  quantity  of  sulphur :  2M^.P9  -h 
S*  a  2M"S.F^*.  When  heated  they  behave  Hke  the  sulphophoephites,  many  of 
them  giving  off  undecomposed  pentasulphide  of  phosphorus,  and  leaving  a  puro  metallic 
sulphide:  e,  g,  the  zinc,  manganous  and  ferrous  salts;  others  are  decomposed  by  heat 
into  sulphur  and  a  residue  of  sulphohypophosphite  The  sulphophoM>lMtes  are  per- 
manent in  dry  air,  but  in  moist  air  they  exhale  the  odour  of  sulphydnc  acid.  Wheii 
heated  in  the  air,  tbey  bum  with  a  phosphorus-flame ;  but  few  of  them  have  been 
specially  examined. 

The  eupric  salt  Cu*P»S',  obtained  by  gently  heating  the  compound  2Cu*SJ*^  with 
4  at  sulpnur,  has  a  pale  vellow  colour ;  but  if  too  strong  a  heat  has  been  applied  in 
its  preparation,  part  of  tne  phosphoric  sulphide  goes  off  and  a  basic  sulphophoephate 

Cu«P»S».6Cu''S  remains  behind. 

The  mercuric  salt  is  obtained  by  the  dry  distillation  of  mercuric  sulphohypophos- 
phite or  sulphophosphite.  The  former,  if  somewhat  strongly  heated  in  a  retort,  first 
gives  off  metallic  mercury,  and  then  yields  mercuric  sulpl^phosphite,  which  sublimes 
in  transparent,  highly  lustrous,  pale  yeUow  needles.  If  on  the  other  hand  the  sulpho- 
hypophosphite be  very  gently  heated  for  a  considerable  time,  so  that  mercuric  sulpho- 
phosphite may  be  first  formed,  and  this  salt  be  then  heated  to  sublimation,  a  subli- 
mate of  pure  mercuric  sulphophoephate  is  obtained  in  red  shining  crystals  very  much 
like  cinnabar,  but  of  somewhat  lighter  colour  aod  yielding  a  brown-yellow  powder. 

Alcoholic  Sulphophosphates. — A  triethylic  sulphophosphate,  (CH^/PS*  •- 
SC'H^.P'S*,  analogous  m  composition,  not  to  the  pyropho^hates,  but  to  the  normal 
orthophosphates,  has  been  already  described  (p:  698). 

■olpliozypbospbates,  M«PSO«  or  8M«0.P«S«0«  and  M«P«S«0«  -  8M*0.P«S«0» 
(Wurts,  Ann.  Ch.  Phys.  [3]  xx.  472).— Sulphoxyphosphate  of  sodium  is  obtained  by 
the  action  of  caustic  soda-solution  on  phosphoric  snlphochloride : 

PSa*  +   6NaH0     -     Ni«PSO»  +   3NaCl  +   8HH). 

When  the  materials  are  put  into  a  retort,  and  subjected  to  the  heat  of  a  water-bath, 
ebullition  takes  place,  and  part,  of  the  sulphochloride  distils  over  into  the  receiver;  and 
when  the  whole  of  the  sulphochloride  has  disappeared,  and  the  liquid  is  allowed  to 
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cool,  !l  gonemlly  formH  into  a  iiotic]  cryBtoJlitie  mABi:  thi»  Ib  to  be  dr&lDed,  und  ^h^^ 
crjitAli  ptmfied  bj  re^^rt'Eitcd  F:4liition  id  vafer  luid  ery^taUiautmn.  The  soda  tniiat  bt« 
in  fixc<>M^  becaoiie  the  tree  acid  in  aolution  ia  roadilj  decomposf'd  iDto  phosphoric  and 
aulph  vdric  acids : 

H»P80»  +  H«0     -     H^  +  HTO^ 

Sulpboxjphosphatf  of  ftodium  Is  rei^dily  folnbte  in  boQing  water^  and  riTBtalliiea  on 
cooUiig  ID  bnlliant  tix-«ided  tabKA«,  'Hie  aoludon  has  a  stTong  aDcalina  fraction. 
CLIonnr,  bromine,  and  iodine  dtxx>ra(io«»«  it  immediatelj,  with  M»pfiratioQ  of  sulphur 
and  formation  of  diflodic  orthopho«phat«.  The  weakest  adds  added  to  the  aolation 
liberate  sulphoxyphosphoric  add^  which  ia  immediately  decomposed  od  boiling. 

The  •tulpbaxyphoflphafea  of  bariwmf  atr&ntium^  and  oaldmn  areinsotnbte ;  the  nickel' 
lind  ctihalt-salU  Vam  blade  on  boiling;  the  lead-aatt  is  whit^^  when  newly  formed,  but 
turns  black  in  a  few  honrs  from  separation  of  lead-sulphide. 

EiJkfi'SulpkosypAofpkme  or  EthyUulphopho^phonc  acid,  (C=H*)H'PSO\  protlnijed 

phosphoric  Sttlphochlonde  (Cloez)«  and 
■  "  the  action  of  pentasulphide  of  phoa- 
y  described  under  pkoMpkoric  ttfurt ; 
aUo  certain  ethyl- phosphoric  ethers  in  which  2  at.  oxygen  are  replaced  by  snlphur 
(pp,  6t>l.6&3). 

F«nalpblde  of  Fboaphoraa.  This  compound,  wbicli  may  be  obtained  by  direct 
combination  of  its  elements,  was  fint  recognised  by  Dopr  A,  who  asfligOAd  to  it  the 
(i >rioula  P^.  Berselins  afterwards  gaTe  the  formula  P^S' *.  The eanaed this  great 
difference  haa  not  been  oacertjiined. 

When  1  pt  phosphorus  is  fused  with  1  pt.  or  more  of  »fi1phur,  the  mass  separates 
on  cojting  into  liqmd  protopolphide  and  crystals  of  the  pemilphide.  The  best  mode 
of  obtaining  the  persnlphida  regularly  crystallised  is  to  diasolre  1  atom  of  sulphur  in 
1  atom  of  liquid  prok^Muiphide  of  phosphorus  by  the  heat  of  a  water-bath,  and  then  leave 
the  Tesaelt  carefully  closed,  to  omu  in  the  bath.  The  crystnls  thua  obtained  are  few  in 
DnmbeTf  but  of  considerable  sase^  yellow  and  shining,  and  (Vt^jnently  present  Dumero<tts 
fiicirts,like  those  of  tmtive  sulphur.  Some  are  cleaTable  in  the  direction  of  the  laminie. 
They  ar%!  impregoated  with  protoE>u1j>hide  of  pboaphoniB,  which  adheres  to  them 
obstinately  I  and  causes  them  to  emit  ahght  fiimo«  firom  the  surface  of  a  recent  fracture. 
To  free  the  ci^'slfda  from  the  protosulphide,  they  muiit  be  driodf  reduced  to  sniaU 
pieces,  and  placed  between  folds  of  bibulous  paper  under  a  bellgar^  and  by  the  iiide  of 
a  small  dish  containing  water,  the  edge  of  the  bell-jar  being  slightly  raised  by  the 
insertion  of  a  small  piece  of  wood  to  allow  of  the  renewal  of  the  air  within  it.  In  this 
manner,  the  protosolphide  adhering  to  the  crystals  is  conrcrted  into  phosphoric  acid, 
sulphuric  add^  and  pervulphide  of  phosphorus.  Some  lime  elapaes  before  the  change 
in  compk  te ;  but  soouer  or  later  the  odour  of  the  protosulphide  diaappeari  entirely.  The 
crystals  are  then  to  be  waahed  and  dried  orer  oil  of  vitriol. 

The  crystals  thus  obtained  may  be  exposed  to  the  air  for  a  long  time,  without  dimi- 
nulion  of  the  lustre  of  the  crystalline  facets;  but  after  a  while,  they  redden  litmos 
paper  when  placed  upon  it.  In  a  stoppered  bottle  filled  with  dry  air  they  may  be 
pMserred  for  any  length  of  time  without  alteratJOD.  They  fuse  at  a  temperature  near 
the  melting  point  of  sulphur,  and  then  distil  over  without  sepamtioo  of  protosutphide 
of  phosphorus.  The  distilled  product  does  not  crystallisje,  but  reiutiiiis  soft  long  after 
cooling.  If  the  perwulphide,  wnen  subjected  to  distillation,  is  not  quite  fr^e  from  pro- 
tosulphide,  an  explusioa  takes  place  ou  the  application  of  heat,  arising  from  the  forma* 
tioD  of  pentasulphide. 

The  persulphide  dissolres  in  caustic  alkalis,  behaving  like  a  mixture  of  sulphur  and 
protociulphide  of  phosphorus,  and  forming  phosphate*  hyposulphite,  and  peisulphtde  of 
the  alkali  metal.  By  fusion  at  a  gentle  heat,  it  may  b*^  made  to  tako  up  an  additional 
quanti ty  of  sulphur.     ( B  e r « e  1  i  u  s. ) 

PBOS^BOKWS.  BYTXiPHOBsaKXlliE  OT.  PSBr".  (Bsudrimont,  Bull* 
Soc,  Chini,  1861,  p.  118.)— Produced:  1.  By  the  action  of  dry  sulphydric  add  gas  on 
the  peDtabromide: 

PBr*   +    IPS     =     PSBi*  4K   2HBr. 

2.  By  distilUng  a  mixture  of  pentabromide  of  phosphorus  and  sulphide  of  antimony: 

3PBr»  -*■  Sb^     ^     3P8Br»  +   2SbBr«. 


S.  By  direct  combination  of  1  at,  iri bromide  of  phosphonw  with  I  at.  sulphur. 
It  is  a  solid,  yellowish,  very  dentin  mu>ss»  which  fumes  in  the  air,  hsa  a  nai 
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odour^  ii  partially  decomposed  by  heat,  and  slowly  but  completely  by  water. 
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raoSVHOmVS,  SVUMOOSl^imZBa  or.     FSa*.— This  eompound,  tile 
analogue  of  phosphoric  o^i^chloride,  was  disooTered  by  Serullas  (AniL  Ch.  Phjs.  [2] 
zlii.  26),  who  obtained  it  by  the  action  of  snlphydrie  add  gas  on  the  pentachlonde : 
Pa»  +  H«S     «     2HC1  +  PSC1». 

The  product  is  purified  by  distillation. 

It  18  likewise  formed,  together  with  otherprodncts,  by  the  action  of  pentachlonde  of 
phosphorus  on  various  metallic  sulphides  (Weber,  p.  614),  and  by  that  of  sulphur  on 
the  pentachlonde  (Wohler  and  Hiller).  Gladstone  (Chem.  Soc.  Qu.  J.  iiL  6\ 
by  melting  3  pts.  pentachloride  of  phosphorus  with  1  pt.  si^hur,  obtained  a  colour- 
less liquid  boiling  at  100^,  and  apparent^  consisting  of  FOPS',  or,  according  to  Schiff 
(Ann.  Ch.  Pharm.  cL  309^  of  PSC1».8C1«. 

According  to  Baudrimont  (BuU.  Soc.  Chim.  1861,  p.  117),  the  sulphodiloride  is 
most  easily  prepared  by  the  action  of  petitadiloride  of  phosphorus  on  trisnlphide  of 
antimony:  ^p^p   ^  g^^^     ^     ^g^^,  ^  Z^SO*. 


About  80  ftrms.  of  phosphorus  is  oanrerted  into  pentachloride  in  a  large  flask ;  tlie  i 

is  then  taken  out  into  the  open  air,  its  neck  surrounded  with  a  wet  doth,  and  116 
grms.  of  antimonious  sulphide  gradually  added,  with  frequent  agitation,  till  all  the 
pentachloride  has  disappcMured  and  a  slight  excess  of  antimonious  sulphide  is  presents 
The  reeulting  liquid,  which  is  hot  from  the  Tiolence  of  the  reaction,  is  then  decanted 
into  a  dry  retort  and  distilled  at  126^  to  186^.  To  purify  the  distillate  from  cUoride 
of  antimony,  pentachloride  of  phosphorus,  and  chloride  of  arsenic  (resulting  from 
arsenic  in  ike  sulphide  of  antimony),  it  is  cooled  to  a  low  temperature  and  agitated 
with  a  dilate  solution  of  sodhun-sulphide.  The  chlorosulphide  of  phosphorus  is  then 
separated  from  the  alkaline  liquid  oy  a  tap-funnel,  carefully  dried  by  chloride  of 
calcium,  filtered  through  asbestos,  and  finally  distilled  from  a  dry  retort  The  product 
amounts  to  120  grmsw 

Sulphochloride  of  phosphorus  is  a  colourless,  rather  mobile,  oily  liquid,  haTing  an 
intensely  pungent  odour,  aromatic  when  diluted ;  the  vapour  irritates  the  eyes  strongly. 
8p.  gr.  «>  1-631  at.  22^  Boiling-point  124 -250  (Baudrimont);  126—127^ 
(Cahours).  Vapour-density  »  6*963  at  168^;  6*879  at  244^;  6*878  at  298^ 
(Cahours) ;  calo.  (2  toL)  »  6*982.    The  Tapour  bums  with  difficulty. 

The  sulphochloride  is  slowly  decomposed  by  toa^,  yielding  phosphoric,  hydrochloric, 
andsulphydric  adds,  and  fumes  slightly  in  moist  air.  It  is  decomposed  by  hot  nitric  acid. 
When  heated  with  aqueous  caustic  alkaliSf  it  is  converted  into  a  salt  of  sulphozyphos- 
phoric  add  H«PSO«  (Wurts,  p.  604).  With  alcokol  it  yidds  ethyl-sulphoxyphos- 
phoric  add  (C'H*)H'PSO'  (p.  591).^  With  aqueous  ammonia,  it  {orma  sulphoxy- 
phosphamic  or  thiophosphamic  acid,  an  add  whieh  may  be  derived  from  snl- 
phoxyphosphoric  or  thiophosphoric  add  by  the  substitution  of  NH*  for  HO ;  or  if  the 
ammonia  is  very  strong,  or  if  ammonia-gas  acts  on  the  sulphochloride  first  and  water 
afterwards,  the  product  is  sulphox^phosphodiamic  or  thiophosphodiaraic 
acid,  derived  in  like  manner  fiK>m  thiophospnoric  add  by  the  substitution  of  2  at 
NH' for  2  at  HO;  thus: 

PSa*     +     8HK)       »       8flCl     +     PH»SO«. 

ThtobhcMpliorlc 
add. 

PSCl*  +  NH«  -f  2H«0     -     8HC1  +  P(NH»)H»SO«. 

Tbiopbotplumic 

PSC1»  +  2NH»  +  H«0     «     8HC1  +  P(NH«)  HSO. 

Thiophotj^cdiamic 

Dry  ammonia-gas  anpears  to  act  on  sulphochloride  of  phosphoiAis  by  xemoTing 
t  atoms  of  chlorine  ana  leaving  2  atoms  of  amidogen  in  their  plaice ;  thus  : 

PSa«  +  4NH«     -     2NH*a   +  P(NH«)»C1S. 

The  latter  compound  has  not  yet  been  separated  from  the  accompanying  chloride  of 
ammonium ;  but^  supposing  it  to  be  formed,  the  production  of  thiophosphodiamie  acid 
from  it  by  means  of  water  may  be  supposed  to  take  place  as  shown  by  the  equation : 

P8(NH«)«C1  +  H»0     «:     HCl  +  P(NH»)FHSO 

(Gladstone  and  Holmes,  Chem.  Soc  J.  xviiL  7);  see  TmopHOSPHAKic  acids. — 
Schiff  (Jahresb.  1857  p.  99^  supposes  that  sulphochloride  of  phosphorus  is  eonvert«>d 
by  dry  ammonia-gas  into  sal-ammoniac  and  sulphophosphotriamide,  according  to  the 
^equation :  ^>qv», 

PSC1»     +     4NH"       =-       NH'Cl   +    2HC1   +       ^J     N»; 
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no  in  like  manDfT  into  hydiocttlorite  cf  aniiioA  and  siilpbophoephutri- 
Eudi^ ;  but  tboie  miultA  have  not  bera  flvt&bliahfld  bj  analyiii. 
With  acetate  of  poiaanvm  the  chloroffulpliide  &pp«Att  to  yield  snlphide  of  acctjL 
(Bttudrirooat.) 

Wmaarmomum^  TBlAUmznm  or.    When  pulTtriMd  tellorium  is  heated  with 

ptiiMtphoruji,  {Mirt  of  the  bitter  bums  away,  while  anothJea'  poftion  melts  with  the  tellurium 
to  A  hlnck  um«jrphoiifl  maM,  which  giTen  off  ftmicff  of  phoflphovons  anhydride  in  th<»  aif 
ftveu  wb<n  tUv  tt-llurium  U  id  Urgb  exccus*     (Oppenheim»  Jahr««b.  1857.  p,  214.) 

FMOSFMOmvs-BASaB,  OWU^MMZO*  Paul  Th^nard  in  1846  imd  1847, by 
acting  on  beiited  phoephide  of  calciam  with  oueooii  diloiride  of  methyl,  obttuned  lereml 
coraponndflp  which  may  be  viewed  ai  pboephidosof  hydrogen  having  thn  hydrogen  more 
or  least  replace  by  methyl,  viz.  1.  A  spontaneoiiftly  inflammabk  fetid  liquid,  (CK*)*P, 
analogr^aa  in  compoeitioD  to  thf  liquid  phoephtde  of  hydrogen,  H'P^  und  to  cacodyl, 
{€B*yA», — X  A  ftpontaneoualy  infiammable  gas,  CH*P  ■•  ^^CH')H*P,  analogous  to 
methylamine*  and  forming  a  solid  compound  with  hydrocldoric  acid. — 3.  A  mobile 
tttfOD^j  battle  liqaid,  C'H'P  =  (CH')*!*,  amilogoQS  to  trrmethylamine,  and  boiling  at 
411^. — 4,  A  y«Uow  non-voUtilH  eolia,  CH^P',  analogous  to  the  solid  phoephidc!  of 
hydrogen,  HP*f  produced,  together  wilh  the  liquid  compound  (3),  by  tlie  eonttnued 
actioA  of  hydrochloric  aeid  giui  on  the  firnt-mvntioned  compound,  (CH*)*P. — These 
oompoazkds  wera^  however,  but  imperfectly  studied  by  their  discoverer :  for  the  mode  of 
preparation  above  mentioned  was  daneeroas,  and  did  not  yield  them  in  quantity  iuffi* 
cient  for  eatiafactory  inveetlgation.  2£)teoTer,  at  the  timi^  of  their  diecovefy  there  wore 
but  few  bodies  known  with  which  thi*y  cooM  be  oatitrally  connected,  the  ammonia- 
baaee  not  having  been  disco verfnl  till  aDerwards ;  eonscquently  they  did  not  at  the 
time  excite  the  attention  which  they  really  deserved. 

A  few  years  later  Ca hours  and  Hofmann  (Compt.  rend,  zii.  831 ;  Chem.  Gas, 
185^,  p.  11),  by  a  similar  mode  of  proceeding  with  phosphide  of  Hodium  and  iodide  of 
methyl,  obtained  the  compounds  (CH»)^,  (CH»)»P  and  (C1P)*PI,  the  latter  Ulng  a 
emtalline  compound  analogons  to  iodide  of  tetramethyUnimonium  ;  and  Berl^  (J.  pr. 
Cbein.  Ixvi.  78),  by  acting  upon  phosphide  of  sodium  with  iodide  of  etbjl,  obtained  Uie 
compound  (CH^)^  as  a  yellow  etronzly  fuming  liquid,  which  when  heated  with 
iodide  of  ethyl  yielded  the  crystalline  iodide  (C*H*)*PI,  But  this  mode  of  preparing 
the  pbosphorus'bases  is  also  difficult  und  dangerous,  infljimmable  and  detonating  com- 
pounds  being  fbrmed,  and  complex  products  obtaiued,  which  are  very  difficult  to 
sepamte. 

The  phospboras-bases  containing  1  and  2  atoms  of  alcohol-radicle  are  but  Httle 
known,  as  no  methml  of  obtaining  tliem  in  a  pure  state  has  yet  been  discovered  ;  but 
those  derived  from  phoephine,  H'P,  by  the  subetitntion  of  3  atoms  of  alcohol-radicle 
for  3  atoms  of  hydrogen,  may  be  obtained  pure  and  in  uny  required  quantity  by  sub- 
jecting the  rinc-com pounds  of  the  alcohol-radicles  to  the  action  of  tiidiloridp  o{  phos- 
phorus in  an  atmosphere  of  carbonic  anhydnde,  Zinc»ethyl,  for  exjimplc,  treated  in 
tliia  manner  yields  chlorido  of  zinc  and  triethylphosphine: 

2PCI*   -f   aZn^CCH*)*     -     SZnXl*  +   2(C»H*)^, 


The  triethylphosphine  remains  combined  with  the  chloride  of  sine,  but  may  be  liberated 
by  distillation  with  aqueous  potaah,  which  converts  the  chloride  of  tine  into  chloride 
and  zincate  of  potassium  : 

3Zn"Cl*2(C^H*)»P   +    12KH0     -     2(C«H*)Y   +   3K»Zn''0'   -»►   BKCi  +   6H»0. 

Triethylphosphiac  and  trimethylphosphioe  (the  only  two  compounds  of 
this  type  hitherto  examined)  are  volatile  strongly  alkaline  liquids,  which  unite  readily 
with  ncids,  forming  cryelallisable  and  for  the  most  iiaft  very  so2ubI<>  salts.  When 
treated  with  the  icdidrs  otmonatomic  aieoMTtadietif»,  tn*j  yield  crystalline  i  od  i  d  e  s  o  f 
monophosnhoDtams,  of  the  type  K*PI,  anslogoiui  to  iodide  of  tetrethytamroonium ; 
and  these  ioaides,  when  decomposed  by  moist  oxide  of  lOver  and  by  i^ver-salts,  yield 
the  hydrates  and  salts  of  the  corresponding  monophosphoninma;  &  y.  triethylphofiphine 
treated  with  iodide  of  ethyl  yields  iodide  ufmethyl-triethylpbosphonium  (CH'X<^''H*)*PI, 

which  is  converted  by  moist  oxide  of  stiver  into  the  hydrate,^        X*--*^  H  (^  ^    ^^ 

nitraleofsilverintothenitfnteof  melhyl-triethylphosphonium,  (CH'XC'H*)*F.NO",  &c. 

Numerous  compounds  belonging  to  these  types  have  been  prepared  and  examined 
by  Hofmann  and  Cahours^PhiL  Trans,  1867,  p»  683;  Chem.  Soc.  Qu.  J.  xi.  66; 
Ann,  Ch,  Pharm.  civ,);  azid  further  by  Hofmann  (Phil.  Trans.;  Chem.  Soc  QiL  J. 
xiii.  289;  Ann.  Ch.  Pharm,  Suppl  i.  2), 

Triethylpho«tphine  and  trimLlhjIpfaofiphinc  unit©  with  dtatumtc  akoholic  bromides, 
thiifridts^  Otc,  in  the  proporti^vn  •>!  I  or  2  nt.  uf  the  phosphorus-base  to  1  at.  of  the 
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diatomic  ether;  thus  triethylphospbine  forms  with  brotn^  of  ethyltfU,  the  two  o(im- 
C*H«^P  [  ^°^  iC'R^^'^V  ^^^  ^^  alcoholic  solutioa  of  the  latter  of 
these  compounds,  the  whole  of  the  bromine  is  remoyable  by  nitrate  of  silyer,  whereas 
from  the  former  only  half  the  bromine  can  be  thus  removed.  Hence  Hofinann  regards 
the  latter  compound  as  dibromide  of  ethylene-hexethyl-diphosphonium, 


toe  latter  compound 


'Br';  the  former  as  bromide  of  brom ethyl- triethylphot<« 

phonium  [(C*H^Br)(C'H^)'P]Br;  t.  e.  as  bromide  of  tetrethylphosphonium  in  which 
1  at.  hydrogen  is  replaced  by  bromine.  (See  Axxoxoum-babis,  1. 197 ;  also  ErHTUun- 
BJLSBB,  il  593.) 

The  last-mentioned  compound  is  susceptible  of  sereral  remarkable  transformations. 
— cL  It  is  resohred  byAeo/  into^drobromio  add  and  bromide  of  yinjl-triethjl- 
phosphonium,  n[C^»XC^*)*FlBr. 

^.  When  treatea  in  dilute  solution  with  Jwdraie  of  nher,  it  giyes  up  all  its  branina 

and  is  converted  into  the  compound  ^     (ciw^wh  ^  hydrate  of  oxethjl-tri- 

ethylphosphonium/^^^'^        '^[o,  the  change  consisting  in  the zeplaeement 

of  the  bromine  by  an  equivalent  quantity  of  peroxide  of  hydrogen. 

y.  By  boiling  for  some  time  with  aeeUUe  of  silver,  it  is  converted  into  acetate  of 
vinyl-triethylphosphonium : 

[(C«H*BrXC'H»)«P]Br  +  2AgC*H»0«  -  [(C'H«XC*H»)T?]C'HH>«  +  C'H^O'  +  2AgBr. 

8.  It  unites: — a.  With  1  at  triethyl-  ot  trtmethvl-phonHne,  forming  dibromide  of 
ethylene-hexethyl-diphosphonium,  [{^n*y{plS*f2^Ri^,  and  ethylene- 
triethyl-trimethyl-diphosphonium,  [(C«H*)'VC*H»)«(CH«)'PTBr*. 

h.  With  1  at.  ammonia,  etfylamine,  ihethylamine,  diethylandne,  &c.,  forming  the  di  bro  - 
mides  of  ethylene-triethyl-phosphammonium,  r(C*H<)''(C«H»)»H»PN]Br» ; 
ethylene- tetrethyl-phosphammonium[(C''H<)''(C*il»)*H*PN]"Br«;ethylene- 
triethyl-methyl-phosphammonium,  [(C*H*nC*H»)«(CH«)H«PN]Br« ;  ethy- 
lene-ijentethyl-phosphammonium,  [(C«H*nCH*)»HPNr'Br»,  &a 

c.  With  trieihylarsine,  (t?*H*)*As,  yielding  dibromide  of  ethylene-hexethyl- 
phospharsonium,  [^C^*)"(C»H»)^As]'3r«. 

Tiimethylphosphine  is  acted  upon  in  a  similar  manner  by  dibromide  of  ethylene, 

yielding  the  compounds  /r«H;*^*p[  ^'^^  rCH*^*P*['  ^™  which  similar  derivatives 
may  be  obtained. 

All  these  compoundi  have  been  discovered  and  investigated  by  Hofmann  (FhiL 
Trans.  1860,  pp.  449,  497 ;  Chem.  Soc.  Qu.  J.  xiv.  73,  316;  Ann.  Ch.  Phano.  SnppL 
i.  2,  145,  177,  306). 

The  dibromides  of  methylene,  tritylene,  tetrvlene,  amylene,  and  benzylene  likewise 
react  in  a  similar  manner  with  triethylphoephine,  but  the  resulting  compounds  are 
difficult  to  separate^  and  have  not  been  much  examined. 

Lastly,  a  triphosphonium-compound,  namely,  tri-iodide  of  formyl-enn- 
ethyl-phosphonium  r(CH)'"(C'H»yP«ri«,  is  produced  by  the  action  of  iodoform 
on  triethylphoephine.    (Hofmann,  Proc.  Koy.  Soc  x.  189;  xi  290.) 

L   MOKOPHOSFHIirBS  AKD  MONOPHOSPHONIUXS. 

a.  Methyl-compounds. 

TrlmetlijlpliOBpliUie,  ^CH')*P.— This  base  is  produced  by  the  action  of  trieUotide 
of  phosphorus  on  dnc-methyX  the  process  being  conducted  in  the  manner  to  be  here- 
after dMcribed  for  the  preparation  of  triethylphosphine  (p.  609).  As  the  base  is  ex- 
tremely volatOe,  the  stream  of  hydrogen  in  which  it  is  distilled  must  be  very  alow,  and 
the  receiver  must  be  kept  at  a  low  temperature. 

Trimethylphosphine  is  a  transparent,  colourless,  mobile  liquid,  heavier  thstn  water, 
having  a  strong  refractins  power,  and  an  indescribably  nauseous  odour,  and  boiling 
between  40°  and  42°.  It  is  insoluble  in  water.  Its  solution  in  hydrochloric  acid 
yields,  with  chloride  of  platinum,  an  omnge-ydlow  indistinctly  crystalline  preeipitateL 
2(CH«)«flPCl.Pta*,  which  is  easily  decomposed  at  100°. 

Trimethylphosphine,  like  the  corresponding  arsines  and  stibines  (i.  340,  398),  unites 
with  2  at.  of  a  monatomic  element,  CI,  Br,  &c.,  and  with  1  at  of  a  diatomic  element. 
O,  8,  &c 

The  oseide,  (CH")«PO,  is  produced :— 1.  By  the  direct  oxidation  of  trimethylpbos- 
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phiti«*,  Thit  subftt&Doe  has  a  Toiy  powerful  attraction  for  oxyg^n^  ftitaing  and  6otD#> 
limea  tttking  fLn  in  ooDtact  with  the  air.  On  di^tilUng  it,  cren  when  recently  prepannl, 
ihff  neck  of  th»  retort  bMomM  covered  in  the  last  ittage  of  the  operation,  with  a  Wall- 
fitl  network  of  crriuis  of  the  oxide ;  tber  may  readily  be  obtainod  in  larger  quantity 
by  exposing  the  mm  to  a  slow  current  of  dry  air* — 2.  By  the  action  of  heat  on  the 
bydrate  of  tetramethylphoephDnium,  manh-gaa  being  gtreo  oflTat  the  same  time, 
(CH»)THO       ^      (CH')»PO     +     CH\ 

The  Hkmdit  (CH*)*!^,  obtained  by  the  action  of  adenimn  on  trimethTlpbosphine, 
eryvtalliaM  13w  the  ethyl-compound  (p,  613),  melta  at  &4^»  In  contaetwlth  the  air  it 
blackeoti  with  sepamtton  of  ielenium,  and  gives  off  the  odour  of  mesitiJene  (iii,  930). 

The  ttdphide,  (CH*)'PS,  U  obtained  by  gradnaily  adding  flawera  of  sulphur  to  an 
etherenl  BolutioD  of  trimethjlphotphine^  or  by  ditftilling  tnntethylphoaphiiie  ^'th  cin- 
nabar. It  ifl  not  produced  by  tjreating  the  ojcide  with  aulphydrie  acid  or  sulphide  of 
ammonium.  CrystalUaei  from  a  bighly  eoncentnited  aqueous  solution  in  mai»e«  of 
well-foinu'il  four-aided  priimii,  which  melt  at  105*^.     (Hofmann  and  Cahoura.) 

ft^trftmetbjrlplioaplioiilaaiv  (CH')*P.— TMb  base*  like  all  others  formed  on  the 
ammoninni^type,  is  not  known  in  tho  free  M-ate. 

Thf^  wdidf^  {CH*)*P1,  is  obtained  by  the  action  <jf  iodide  of  methyl  on  an  ethert^al 
•olulion  of  trimethylphoepbine.  Jt  ia  a  white  cryBtaUine  maas  which,  when  recently 
prepared,  exhibits  thn  silvery  lustre  of  sublimed  naphthale-tie,  and  aasumea  a  sli^btl^v 
reddish  colour  in  contact  with  the  air.  Treated  with  oxide  of  silver,  and  water  it 
yields  ft  very  caustic  solution  oi  hydrate  of  tetrameihj^phoapktmmm* 

The^*7flW-««/^(CH»)'PCl.AnCl'.— Obtained  by  mixing  the  solution  of  chloride  of 
tetranu'thylphosphoniura  and  trichloride  of  gold,  crystalliaee  from  boiling  water  in 
brilliant  vtltow  needles, 

Pfatinum-salt,  2(CH")*PC!.PlCl*.— The  solution  of  the  oxide  mixed  with  hydrochloric 
acid  and  tetrachloride  of  platinum,  yields  a  platinum-ealt,  which  is  InBolubie  in  alcohol 
and  ether,  but  crptalliaee  from  water  in  beautiful  octahedrons^  (Hofmann  and 
Ca  hours.) 

/S,  Etk^t*compoundi, 

TrletHr^pHoaiiliiXM.  C^H'^P  -  {C*E*fP. ^Formation.  I.  By  the  a4:!tioo  of 
trichloride  of  pboaphoms  on  xine^ethyl  (Hofmann  and  Cahours,  p.  607 V— 2.  By 
the  action  of  phosphide  of  sodium  on  iodide  of  ethyl  t^ Be rM,  p.  607). ^3.  Crystalline 
pboephide  of  rinc  heat^d  with  iodide  of  ethyl  in  a  sealed  tuw  to  170**— 180**,  yields 
nnc-iodide  of  tetrf'thylphosphonium,  2(C*H*rPI.Zn"I\  which,  when  distilled  with 
potaeh,  yields  triethylphonphiae  (Csh ours,  Ann.  Ch.  Pharm.  exit.  228;  cxxii,  192; 
Jahreab.  1859,  p.  432;  1861,  p.  557). — 4.  When  a  mixture  of  £inc,  phosphorus,  and 
dry  ethylic  iodide  is  heated  in  a  sealed  tube  to  150^ — 160°  there  in  produwd,  together 
with  dnc*ethyl,  a  mixture  of  iodoaincate  of  tri ethyl phtiepbonium,  2(C'H*)'HPI.Zn"I*, 
jodoxincate  of  tetrethylphosphonium,  2(CH*)*PI.Zn"l*t  and  a  ^.'oropound  of  ssinC' 
iodide  with  oxide  of  trie thylphosphine,  (C'H*)''P'0,Zn''P.  Thew  compounda  are 
aeparated  by  their  different  degrees  of  solubility  in  water,  the  fir^t-mentioned  being 
the  least  and  the  second  the  most  soluble.  Tlio  fir»t  yields  trit'thylpboMpliine  when 
treated  with  potash  in  the  cold ;  the  third  yii»]dH  it  when  heated  with  solid  potash; 
while  the  aecond  does  not  yield  it  when  treated  with  potju*h  either  in  the  cold  or  with 
aid  of  heat.     (Hofmann,  Chem,  Soc.  Qa  J.  xiii  29 L) 

Preparaiion. — A  tubtilatinl  retort/  is  joined  to  a  receiver  e  (Jig.  738)  which  in  its 
turn  M  connected  with  a  wide  gkas  tube  d,  bent  at  an  angle  of  about  130°  and  acting 
l^e  a  aeoond  receiver.  The  angle  of  this  tube  im  6Iled  with  trichloride  of  phosphorus, 
and  the  tube  ia  connected  with  a  large  cvlitider  r,  ^ivhich  ib  tfupplifd  by  »  tiuitHbtt; 
apparatus^  a^  b,  with  dry  carbonic  anhydrioe.  Aci  »oon  as  the  carbonic  anhydride  has 
expelled  the  air  from  the  reaerroir,  tube,  receiver,  and  retort,  an  exit-tube  from  the 
retiervoir,  up  to  that  time  cloeed  by  a  caoutohouc  cap,  is  opened  to  let  out  the  carbonic 
anhydride,  the  evolution  of  which  is  maintained  during  the  whole  operation.  T  <* 
tubulature  of  the  retort  is  now  connected  with  the  copper  digetit«r  in  which  the  unc- 
eihyl  has  been  prepared  r  and  as  soon  ad  the  retort  has  received  a  change  of  the 
ethereal  aoluliofi  of  zinc-ethyt  there  is  fixed  into  the  same  tubulature  a  dropping 
apparatus^  consisting  of  a  glass  globe  j^,  with  a  tubulature  and  stopper  at  the  top,  and 
terminating  below  in  a  glass  tube  in  which  a  stopcock  is  fitted.  This  apparatus  ia 
filled  with  trichloride  of  phosphorus,  and  by  appropriately  adjusting  the  stopcock  and 
opening  or  closing  the  st^ppfar  of  the  glass  globe,  any  desired  flow  of  the  liquid  can  be 
maintained  with  the  greatest  nicety.  However  slowly  the  trichloride  may  be  added, 
and  however  well,  moreover,  the  retort  and  receiver  may  be  cooled  by  water  or  iee,  the 
action  is  n evert hi'lef^n  bo  riolent,  that  all  the  ether,  and  with  it  a  large  quantity  of  the 
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idi»e-«tliyl,  pBtifR  orer  into  the  re<^eiv«r.     By  thft  powf^rful  ebullition  wlii<:h  periodic 
MMQM,  i  pottioii  of  tho  T&poor  is  driren  even  into  the  bent  tuW,  and  a  eoneaderab  _ 
kMi  of  cizic-etbjl  is  incurred,  unless  this  lube  is  fiUed  with  triehlodde  of  phopphonii^ 


whicli  greedily  absorbs   ev(?ry   trac«  of  tho  forra^  compound.    This  fluid  i^al' 
Kscendimg  and  desc^oding  in  the  tube,  in  accordiioc«  with  the  progress  of  the  reacticnv 
ngnlMoB  ihf*  function  of  the  appamtos  ao  perfectly,  that  the  op4>nitioQ,  -which  alir^ijt 
takes  sereral  hourti,  continues  by  itHelf  when  once  begun.     Sometimes  the  abeorption  is 
ao  violent  that  the  trichloride  of  phosphorus  in  the  tube  is  sucked  badt  into  th# 
receiver,  but  even  thfii  no  loi»  is  to  be  feared,,  since  the  tube  is  connoted  with  tb< 
reBervoir  filled  with  carbonic  anhydride.     The  first  drojis  of  trichloride  of  phcuspho; 
which  fall  into  the  solution  of  elnc-ethyl,  hiss  like  water  when  aotuing  In  contact  wit] 
r<pd-hot  iron.     The  action  becomes  by  and  by  leaa  TioIt*nt,  and  as  soon  as  an  evoluti< 
of  heat  is  no  longpr  perceptible,  the  operation  is  terminated.     There  remain  in 
retort,  in  the  receivt^r,  iu   the  bent  tube,  and  sometimes  even   in  the  carbonic 
reserroir,  two  liquid  layern,— the  one  a  heavy;  pale  straw-coloured,  thick  liquidj  the 
other  a  tmnspar*?nt,  colourleas,  mobile  liquid  floiitiug  on  the  former. 

The  upper  liquid  is  a  mixture  of  ether  and  trichloride  of  phosphorua;  the  lower, 
which  usually  sohdiii^Hi  on  cooling,  is  a  compound  of  triethylphofiphiue  with  chloride  of 
liaCf  and  fi-om  thb^  after  the  npper  layer  has  been  decanted,  the  phosphorus-baBe  may 
be  separated  by  distillation  with  potash.  For  this  purpose  it  is  mixed  with  water,  the 
retort  is  filh^i  with  hydrogen,  ana  strong  pot^ish-ley  is  allowed  to  flow  slowly  into  it* 
On  distilling  the  miatture  in  a  slow  stream  of  hydrogen,  the  triethylphosphine  paasei 
with  the  aqueous  vapour,  and  ftoati  on  the  condensed  water  in  the  receiver.  It  it 
separated  by  a  tap  funnel,  dried  OTer  sticks  of  potash^  and  rectified  in  a  stream  of  dry 
hydrogen.  (Hofraann  andCabours,  p.  6D7;  Hofmane,  Chem,  Soc,  Qu.  J.  xiii.  2d0,), 

Properties, — Triethylphospbine  is  a  transparent,  M^lourlesa,  mobile^  strongly  refract* 
ing  liquid.  Specific  gravity,  D-812  at  16",  Boils  at  I27'5**  under  a  barometric  pNorari 
of  0744  mm.  Its  odour  is  penetrating,  almost  benumbing,  but  still  not  diiiagrMabl\ 
and  in  a  diluted  state,  resembles  that  of  the  hyacinth.  Long^con tinned  working  witJi 
this  substance  produces  he^d-ache  and  sleeplessness.  When  recently  prepar^,  it  if 
without  action  on  vege table  colours,  but  if  expoaed  to  the  air  for  a  few  seconds,  it 
■hows  a  eoustantly  iucreasing  acid  reaction. 

Meacfhsu. — 1.  Triethylphosphiae  is  quite  insoluble  in  waUr,  but  dissolves  in  all 
proportions  in  alcohol  and  tthr.^1.  It  unites  slowly  with  Offids,  forming  mostly 
ciystalliaable,  but  extremely  soluble  and  deliquescent  salts,  which  may  be  regarded  as 
salts  of  triethylphosphonium:  f,^.  (CH^^P.HO  ==  (C?»H»)*HP.CL 

3.  Triethylphosphine  rapidly  absorbs  oxiigen  from  the  air,  and  is  converted  into  the 
oxide,  ((7H*)*P0.  In  pure  oxygen  gas  it  often  takes  fire  and  decompoeeis  emitting 
dense  white  fumes  of  phosphoric  anhydride.  A  mixture  of  oxygen  gas  and  vapour  of 
trieth?lpho«phine  explodes  with  violence  when  heated. 

4.  With  sulphur  and  »<l*mium^  triethvlphosphine  nnites  directly,  forming  the  crys' 
talline  compounds,  (C''H»)»PS  and  (C'H>)"PSe  ;  also  with  indphide  o/  carbon^  fonnine 
beautiful  rfd  crystals  of  the  compdnnd  2(C*H*)*P.CS*.  The  formation  of  this  compound 
takes  pluce  so  readily  thiit  triethylphosphine  and  sulphide  of  carbon  act  as  extraniely 
delirate  tests  one  for  the  other.  Thus,  if  u  liqttid  containing  free  triethylphosphine  (or 
trimethylpho.ttphiue)  be  poured  into  a  wiitch-glass.  and  the  vapour  of  the  carbonic  sul- 
phide allowed  to  ftow  upon  it  from  an  inclined  bottle,  the  wat^h -glass  won  becomes 
covered  with  a  beaut ifnl  network  of  the  red  crystals.  If  the  phoKphoms-bose  is 
present  tn  the  form  of  a  aatt^  it  must  first  be  liberated  by  adding  a  dftip  of  potasli. 
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and  with  §ulphoctfanaU 


Coiiven«ly,  trietbyiphofpliij&e  maj  be  rerj  advafita^uAly  oied  for  detect  iug  fimiLU 
quatitititfa  of  carbonic  uulphide^  aa  in  ibe  vottfA  ToktUd  fractions  of  ooal-tjur  &&pliLba» 
«ad  in  coiil-ga*  (I  777), 

6.  Wbea  trietbylpbosplmie  U  pourod  into  a  flask  oontainmg  chlorine^  weiy  drop 
takes  fire,  witb  fonoatjon  of  bydrochloric  ai!id  and  pboaphoric  ebloridev  and  aeparaiion 
of  cfaaiooal.  If  boworer  tbe  action  be  modeiwLed,  eiystaUine  oompoiuida  are  formed. 
It  also  UDitoe  directly  witb  iodtne  und  i>nmimtt  ibe  oombination  being  attended  witb 
great  sTolution  of  beat  and  Aometimca  with  in^ammation. — 6.  In  eyanofftn  ffot  it 
Boiidiflei  to  a  biDvn  rvaia, 

7.  J>i&romid9  qf  €U^fle»9  and  its  isomer,  hr^mid€  of  hromeikyl^  unite  witb 
1  aL  trietbjlpboflphine,  forming  bromide  of  brometbyl-trietbytpboBphonium, 
r(C*H*Br)(C*H*i*Pj6r,  and  witb  'iaL  triptbjlphoHpbine  forming  dibromide  of  etbjl^na- 
bexetbjldipboepbonjum,  [\C'li*)\C^\i^fF'Y^r.-~%.  PickioruU  of  eUyUrm  md  mono* 
chUrinai^  chloride  of  tikyl  act  in  a  eimilar  manner. -•'d.  Ih'iodide  qf  etJMene  bowever 
acts  in  a  diiSerent  manner  Wlien  bruugbt  into  eontact  with  dry  triefliylpbDiphine, 
it  forma,  genarally  witb  explodion^  ethylene  gas  and  iodide  of  trietbylpbo^phinr,  and 
wiib  alcohoUe  tnetbylphoKpbine  it  forma  a  ctystaUine  mast  genemUy  consisting 
of  bydriodateof  trivthylpbo^pbine. 

10.  When  trieLhylpho«pbin«  is  heated  with  etAylic  ekloracftaie,  C'H*(aH')ClO», 
mixed  witb  an  equ^l  volume  of  common  eiber  to  moderate  the  action,  a  sticky  mass  ia 
formed,  which  on  addition  of  platinic  chloride,  forms  the  cnrslalliaablft  chloroplatinate 

of  triethyl*oxetbacetylpfao^honiQm,  (711^/0 HHDVO I  ^'  analpgofia  to  the  ammonium* 
base  produced  in  like  manner  from  cblonicetic  ether  and  triethylamine  (ii.  ^03)* 
(Hoffnann,  Proc.  Boy.  Soc.  li.  625.) 
Irietbylpliotiphine  tiuit<^  with  sa/pkocffanate  of  alljfl  (volatile  oil  of   mustaFd)« 

(CS)" 
forming  al]yl'trietliyl-sulphocarbopho«pbaoude,   C"H* 

of  phenyl,  fonning  the  annlogous  ph^nyl-compoond.  The  iuIphocjfanaUt  of  mrthyJ^ 
rtAyl,  amtfl  and  etht/lcnf,  od  tbe  contrary^  do  not  unite  dire^y  with  trietbylpbosphinM, 
but  undergo  decompoaiiioOt  yielding  sulphide  of  tricthylphospbine  and  a  cyanide  of 
a  phoephouium.     With  sufjihotyaruiU  of  ethyl ^  for  example^  ibe  reaction  is, 

(C'H*)CNS   ^   ^Cm'yF     »     tC*H*)»PS  ^   [(C^»)*P]CN; 

and  with  9ulpkoei/anaU  of  ethylene : 

{Cm^yC'Sr^  +  4((7H»)'P     -     2(CH*)^F3  +   [(C»H*)-((TO*)T«]'C*N». 

11.  The  ateohdic  cyanaiet,  on  tbe  other  hand — the  cyanatei  of  Hbyl  and  phenyl  ibr 
etxample — neither  combine  with  tritfrbylphosphine*  nor  are  di«compofted  by  it,  but 
merely  nndergti  a  moleculjLr  trausformatiiin,  being  convert*^  by  coi}ta4?t  with  it  into 
crystafline  cyanurtite^.  Cyanic  acid  vapour  passed  through  triothylpboaphine  yields  a 
white  deposit  of  cyan  uric  acid, 

12^  Triethylpbosphine  and  mercaptan  mixed  together  in  an  atmosphere  of  earbonie 
anbydride,  do  not  act  on  one  another  eTen  at  100^;  bat  if  air  naa  a«oeaa  to  the 
mixture,  crystals  of  sulphide  of  trietbylphoaphine  are  gradually  formed,  fbe  t^mxM 
being  due  to  the  oxidation  of  the  tnetbylphospbine  at  the  expense  of  atmoepberic 
oxygen,  and  the  subsequent  conversion  of  thu  oxide  into  sulphide,  according  to  tbe 
equation  : 

(c*^H*)«po  ^  C'H»3   ^   C'H'O  ^  (C^wym. 

It  is  only,  however,  at  the  instant  of  formation  of  the  oxide  that  this  reaction  takes 
place ;  for  ready  formed  oxide  of  trietJiylphatphine  and  mercaptan  brougbt  together 
under  the  most  varying  conditions  of  pressure  and  lemperuturo  do  not  yield  a  trace  of 
sulphide  of  trielhylplioephine. 

LL  Sulphide  of  nitrnfftn  (p.  109)  is  decompoeed  by  triethylphoephine,  gaa  being 
evolved,  and  a  yellowish  liquid  formed,  which  on  cooling  solidifioa  to  a  fibnoua  maaa 
U  orystala  of  sulphide  of  triethylpbosphine. 

Compounds  of  Triethylphosphine^ 

Cni^KHia,  Bromibb,  and  lonma  or  TiUKTKTLFHOSFmKm. — Oxide  of  tTiethylpboaphine 
whi  n  ireutjed  witb  bydivxhloric,  hydrobromic  and  hydriodic  acids,  is  oonveited  into  the 
corPesf»onding  chloride*  bromidB,  and  iodides  (C''H*)'PCl',  &c.,  which  closely  reeemble 
the  oxide  in  thoir  general  properties.  They  are  liquids  which  gradually  solidi^  in  tha 
exsiccator;  the  crystala  fuse  at  lOO**  and  bwin  to  volatilise,  although  their  boihng 
point  11^  very  high.  The  compounds  of  trictbylphosphinp  with  chlorine^  bromine,  and 
iodine  mny  also  be  obtained  hy  the  uction  of  these  elemeots  in  aqueous  or  alcohA^lic 
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■clutions  upon  the  phosphoroB-biise  itaelf.  Both  methods,  howerar,  forniBh  prodacti 
which  are  ^fficult  to  punfy. 

Triethylphosphine  forms  crystalline  compounds  with  hydrochloric,  hydrobromie, 
hydriodic,  sulphuric  and  nitric  acids  ;  bat  they  can  be  obtained  in  the  diy  state  only 
by  means  of  the  exsiccator. 

Chhroplatinate,  2[(C«H»)"P.Ha].Pt''a*.— The  solution  of  the  base  in  hydrodilorio 
acid  forms  with  platmic  chloride  a  crystalline  double  salt,  which  is  sparingly  soluble 
in  eold  water,  insoluble  in  alrohol  and  ether. 

lodoeincaU,  2[(C«H»)«P.HI.].Zn"P.— The  product  formed  by  heating  dry  iodide  of 
ethyl  with  zinc  and  phosphoms  to  150^ — 160^  for  several  hours  (p.  609),  forms  wit|i 
warm  water  a  solution  which  when  left  to  eraporate  deposits  an  oil  which  ciystalliMs  on 
-cooling  (p.  009);  and  b^  repeat«Hily  crystallising  this  product  fit>m  hot  water  and 
alcoh<n,  tae  iodociaeate  is  obtained  in  large  white  arrstals  which  gire  off  triethyl- 
-phoephine  when  treated  with  potash  even  in  the  cold  (Hof  mann).  When  crystallised 
phosphide  of  sine  is  heated  for  some  time  with  iodide  of  ethyl  to  ITO^* — 180^,  and  the 
product  is  exhausted  with  alcohol,  an  alcoholic  solution  is  obtained,  which,  when  left  to 
evaporate  very  slowly,  deposits,  together  with  iodide  of  tetrethylphosphoniiun,  beautiful 
tablets  of  the  iodozincate  of  triethylphosphine.     (Cahours.) 

OxiDK  OF  Tricthtlphosphimb,  (C*H»)"PO.— This  compound  is  produced :  1.  By  the 
direct  combination  of  triethylphosphine  with  firee  oxygen.  The  base  has,  indeed,  so 
strong  an  affinity  for  oxygen  that  it  cannot  be  distiuM  without  oxidation  except  in 
4U1  atmoephere  of  hydrogen.  In  the  preparation  of  triethylphosphine  by  the  process 
above  described  (p.  609),  a  quantity  of  the  oxide  always  accumulates  in  the  residues 
1^  after  distilling  the  sine-chloride  compound  with  potash;  and  these  residues  may  be 
advantageously  used  for  preparing  the  oxide.  On  subjecting  them  to  distillation,  part  of 
the  oxide  distils  over  with  the  aqueous  vapour,  while  the  rest  passes  over  only  in  the 
subsequent  dry  distiUation  of  the  saline  residue.  The  distillate,  which  is  an  aqueous 
solution  of  the  oxide,  is  concentrated  as  much  as  possible  over  the  water-bnth,  with  or 
without  addition  of  hydrochloric  acid,  and  the  oxide  of  triethylphosphine  is  separated 
as  a  supernatant  oily  layer  by  the  addition  of  solid  potash.  It  is  dried  by  leaving  it 
fbr  24  hours  in  contact  with  sticks  of  potash,  and  then  redistilled,  the  first  portu>ns 
which  are  watery,  being  rejected,  and  tke  receiver  changed  as  soon  as  the  cusdUate 
begins  to  solidify. 

2.  By  gently  heating  triethylphosphine  with  oxide  of  mereuiy  or  oxide  of  silver. 
Considerable  evolution  of  heat  then  takes  place,  the  metal  is  reduced,  and  oxide  of 
triethylphosphine  separates  in  oily  drops  or  sometimes  sublimes  in  radiated  cfystals. 
It  also  separates  in  oily  drops  when  triethylphosphine  is  boiled  with  strong  nitric  add, 
•and  potasn  is  added  to  the  highly  concentrated  liquid. 

3.  By  the  action  of  heat  on  hydrate  of  tetrethylphosphonium : 

(C»H»)*P.H.O     -     (C«H»)«PO  +   C«H«. 
On  subjecting  this  compound  to  distillation,  water  passes  over  fint»  then  hydride  of 
«thyl  is  given  off  with  strong  intumescence,  and  at  about  200<',  oxide  of  triethyl- 
phos^iine  distils  over  as  a  viscid  liquid,  solidifying  in  the  neck  of  the  retort  towaida 
the  end  of  the  operation.     (H  o  f  m  an  n  and  Cahours.) 

4.  By  decomposing  the  chloroiincate  of  tetrethylphosphonium,  2(C^*)*PCl.Zn''Cl«, 
with  solid  potash  and  a  small  quantity  of  water.  An  oil  smelling  of  triethylphosphme 
(probably  hydrate  of  tetrethylphosphonium)  then  collects  on  the  surface  of  the  stiOM 
potash-ley,  and  when  subjected  to  distillation  vields  the  oxide  (Pebal,  Ann.  Ch. 
Fharm.  cxx.  194).— 6.  By  the  action  of  heat  on  hydrate  of  oxetbyl-triethyl-phosphonionL 
(Hofmann.) 

(C«H»OXC«H»)«P.H.O     -     (C«H»)«PO   +  C»H*  +  HK). 

Oxide  of  triethylphosphine  crystallises  in  white  slender  needles  often  sereral  inches 
loiu^  permanent  in  dry  air,  but  deliquescing  rapidlv  in  moist  air.  It  melts  at  44<^, 
juMsolidifies  at  the  same  temperature  (Hofmann);  melts  at  62*9^,  and  solidifies  at 
42<>  rPebal).  Boils  at  240°.  Vwwur-density  4-60  (Hofmann),  by  caleulatioB 
(2  yois.}  »  4*669.  It  dissolves  in  all  proportions  in  water  and  in  alcohol,  but  is  less 
soluble  in  ether;  on  evaporating  the  aqueous  or  alcoholic  solutions,  the  oxide  separates 
at  first  in  the  liquid  form,  and  does  not  solidify  till  every  trace  of  the  solvent  has  been 
expelled ;  it  is  also  precipitated  as  a  liquid  from  the  alcoholic  solution  by  ether  and 
frmn  the  aqueous  solution  by  pot4ish.  It  dissolves  readily  in  acid*,  and  is  converted 
by  hydrio^  or  )^drobromic  acid  into  the  iodide  of  triethylphosphine,  (C«H*  WI«  or 
the  bromide,  (CH*)*PBr'. 

Onde  of  triethylphosphine  forms  crystalline  compounds  with  certain  metallic 
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idded  to  KflAtM  oride  of  triethjlpEosphttif ,  part  diMolves  with  deep  |rr»eii  colour  vhi]« 
i»tiotb«r  portion  t«  sepM«t«d  ai  a  basic  salt.  The  gr^en  solution  turns  blae  on  addition 
of  a  liitic  wftUr»  aua  when  eraponted  io  vacuo  oTsr  oil  of  vitriol,  de|>o«iU»  the  com- 
pound in  ^r^ea  fbur-Bid«d  prisiDs  which  dolit^upsc^  Id  dAmp  air,  yislding  nendlos  of 
ojjde  of  tricthyIpho«phin«.  The  aqueoos  solution  y  ields  cmtak  of  pure  cttpric  sulphate*. 
(Pebal) 

B.  With  Trichloride  of  GM.--Th\»  salt  added  to  a  efnH*«lltrmU^d  solution  of  tho 
oxide  throws  down  a  deep  j^Uow  oil  which  ciystiilUses  with  difficulty,  and  is  soluble  in 
wat«r  and  in  alcohol.    (Hof  mann.) 

7.  With  SUtnnoMs  cktoridt.—Otiy  compound  which  does  not  ci^atjilHiM?. 

«.  With  lodiiU  of  Zinc,  a(C»H*)*PO.Zn"IV— Scpanites  on  mixing  the  two  solutions 
as  a  crystalline  precipitate',  or  as  an  oil  which  grailually  ttoliditiet!!  in  the  crj'btiilline 
form;  puriHed  bj  recrjstaiysalion  from  alcohol.  It  formji  mouodinic cryRtak  i*xhibit- 
ing  the  combination  oePa&  .  [  odPco  ]  .  oP  .  ooP  .  [Poo  ]  .  ^P*  Ratro  of  axen  a  : 
6  ;  «  »  0-9052  ;  1  :  13312.  Angle  of  iuelmed  axes  »  83''  13';  odP  :  »P  (orthod  ) 
-  W*>  18';  obPoo  :  «P  «=  132^  21';  »F<x>  :  oP  *  96^  iV ;  oP  :  ooP  »  94°  34'; 
oP  :  [Poo  ]  «  124°  24';  aoP  :  -P  -  154''  4*'.  Twins  occur  with  oP  as  combination - 
face,  Luj^tre  futty  on  the  fa<*es,  Titreous  on  the  fhicture.  Cleavage  distinct  paruUfl 
to  oP  and  ooP.     The  crystals  melt  at  99^. 

OxY«;i{i^mt>i  oy  TRtmiYtPUOSFMiKM,  (C^1J*)*P*CI»0.— When  dry  hjdrochlonc  acid 
gas  is  possed  over  fused  oxide  of  triethylphoisphinei  shininz  ci^'stals  of  the  oxy- 
ehloride  are  formed  which  redissolve  in  excess  of  the  hydrochloric  acid.  If  hrat  be 
then  applied  to  drive  off  the  excess  of  acid,  there  remains  a  rery  deliquescent  crystalline 
masii,  solnhle  in  alcohol,  iniioluhle  in  ether.  The  solution  treated  with  pintinic  ehlorida 
forma  a  compound  of  that  salt  with  oxide  aud  cihlonde  of  triethyIpho>'phin(>,  arid  when 
treated  with  iodide  of  rine,  it  geDt'mlly  yield*  a  compound  of  zinc-iudide  with  tJjc  oxide 
of  triethylphosphtne.  and  only  w»kloro  with  the  oi^chloride. 

The  ptattnum-compomU,  3(C^H*)"P0.(C'H*)*PCl».Pt*'Cl*.  separ.itps  also  imme- 
diately in  the  crji>iUlHno  form  when  dry  oxide  of  triethylphofiphme  is  mixed  with  a 
saturated  alcoholic  solution  of  platinic  chloride.  By  recrystnUiaation  from  alcohol,,  tt  is 
obtained  in  large  omngc-red,  lix-sided  monoclinic  prismm,  exhibiting  the  faces  obPoo  , 
oP,  ODp.  ♦P«,  +  JP.  Katio  of  axes  aihi  c  -*  0-6308  :  I  :  l'577d.  Angle  of 
inclined  axes  -  73^  42^;  ocP  :  qdP  (orthud)  »  113^  22^;  oP  r  aePao  =-  106°  18'; 
oP  :  ODP  »  98<*  62';  oP :  +  P*  -  110^  12' ;  odP  :  +P  -  leO'^  3'.  aeavage  dis- 
tinct pandlel  to  4-  P«>  and  ooP  (Phil.  Trans.  1860,  p.  419). 

The  rinccompoundj  (C*H')*P'<^l*O.Zn'P,  forms  transparent  colourless  octahedroaSf 
•otuble  in  water  and  in  alcohol 

SBI.RXIDB  or  TBirrHTLPffospicmR,  (<7H*)"PSe.— Prepared,  like  the  sulphide,  by  the 
direct  combination  of  triethylphoephine  with  selenium ;  the  reaction,  howerer,  is  less 
powerful  than  with  ni]Iphur.--C(7Btalltses  from  water  as  eaaily  as  the  sulphide,  but  the 
solution  is  apt  to  undergo  partial  decomposition  when  exposed  to  the  air.  Even  the 
dry  crystals  are  slowlv  readened  in  the  air.  Melts  at  112^f  and  is  easily  volatilised 
with  partial  deco mposition.     (Cahours  and  H o f m a n n. ) 

SuLPHiDB  OF  TaiMTttTLFttospHiifi*  (C^*)'PS,  — ThiB  couipound  is  produced:  1.  By 
the  direct  combination  of  triethylphotiphine  with  sulphur.  Flowers  of  sulphur  are 
gradually  introduced  into  an  etLmal  solution  of  iritMhylphosphine  till  a  portion 
remains  uudisskilved,  the  Liquid  efferrescing  on  each  addition.  The  ether  is  then 
irolatilis^l,  and  the  residuary  mixtnre  of  the  sulphide  and  ^e  Bulphnr  treated  with 
boiling  water,  which  dissolrei^  the  auiphide  and  on  cooling  deposits  it  in  perfectly  pure 
crystal. — 2,  Bv  distilling  triethylphoRphine  with  cinnabar,  which  in  then  r^aced  to 
mercurous  sulphide  or  to  metallic  merctiry.^3.  By  the  action  of  triclhy]pbot^phioe  on 
imlphide  of  nitrogen  (p.  611). — 4.  By  the  decompoaition  of  carbo«ulphide  of  triethyl- 
phosphine  with  water  or  silver-oxide.— 6.  By  the  action  of  mercaptan  on  trie  thy  Iphoa- 
phine  in  presence  of  air  (p.  611 ). 

Bv  alowly  cooling  the  aqueous  solution,  the  compound  is  obtained  in  heautiful  white 
needltf-shaped  cxystals  often  five  or  six  inches  long.  These  crystals  are  six-sided 
prisms  with  pyramidal  summits  (system  hexagonal),  exhibiting  the  combination  ooP  . 
P^  rarely  with  aDP2.  Length  of  principal  axis  *  0  8211,  Angle  P  :  P  in  the  termi* 
nal  edces  =  143^  16';  in  the  latcTal  edges  =  JS'*  9';  P  :  odP  -  129°  4'.  They  are 
optically  positive,  the  index  of  rt^fraction  being  I'OS  for  the  extraordiniiry,  and  1'69  for 
the  ordinary  ray  iPhil,  Trans.  1860,  p.  423).  The  compound  mtltJi  at  94**,  aud  resoli- 
difies at-88^.     When  heated  beyond  lOO'*,  it  is  volatilised  and  diffuses  a  white  vapou* 

*  Tti«  ci7«tftlUn«  forcDJi  and  onlical  f^rapertlct  of  thUAtid  the  a4h«*r  c<)<npaiUDd>  of  thfj)ho*{ihnruii.ha*et. 
ai  determined  hy  Qulntino  Sell  n,  «r4>  TuUjr  d«*criiied  Hi  tlDftnAnn'ii  Memuir  {Phtl.  Triia^.  IBCO.p.SO&k 
«li<a  in  S^IU*!  Mrmnlr.  "  fiuttf  Jdftttt  trtinttinf  di  airmm  Mh  4tri9ttli  ttrtU*  mtmmtmttita,''*  Torino,  llWil 
(frow  thP  *  Memortt*  dtlU  Rrali?  Arcadcmja  delt*^  ^cil«lllIc  d»  rorhio  "  {i\  %%,.).    <jee  ■Jm  Jatirr^b.  iHtiO, 
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hatiiig  A  disameable  Bnlphnr  odour,  which  is  but  slightly  perceptible  at  eomnion  tern* 
pmtnref.  '^en  heated  with  a  quantity  of  water  not  sufficient  for  its  sohitioii,  it 
rises  to  the  suzfiice  in  the  form  of  a  transparent  oil  which  is  eopionrij  ToIatiliMd  with 
the  aqneons  raponr. 

Solphide  of  triethylphosphine  is  instantaneously  decomposed  by  potasnum  arsodimm 
with  separation  of  triethylphosphine. 

It  is  mnch  more  soluble  in  hot  than  in  cold  watery  only  a  small  quantity  remaining 
dissolred  at  ordinary  temperatures.  It  is  still  less  soluble  in  alkaline  Ifouids.  On 
adding  an  alkali  to  the  oold  aqueous  solution,  the  mixture  becomes  turbid  and  aooa 
deposits  small  crystals.  On  adding  potash  to  the  boiling  saturated  aqtieous  solution, 
the  sulphide  instantly  separates  in  oily  drops,  which,  as  the  liquid  cools,  rapidly  solidify 
into  spherical  aggregates  of  crystals.  It  dissolres  even  more  readily  in  alcokd  and 
eiheTf  and  in  disidphide  of  carbon  almost  without  limit ;  from  this  solvent  it  does  nc^ 
crystallise  perfectly. 

The  aqueous  solution  is  without  action  on  vegetable  colours ;  the  compound  nerer* 
theless  appears  to  possess  weak  basic  properties.  It  dissolves  more  readily  in  kifdnh' 
chloric  acid,  especiaUy  when  concentrated,  'than  in  water,  and  the  solution  ftmnshes 
with  tetrachloride  of  platinum  a  yellow  precipitate,  which  however  rapidly  cakes  into  a 
resinous  mass,  giving  indications  of  decomposition  by  the  separation  of  platinic  sulphide; 
The  sulphide  also  dissolves  in  dilute  sulphuric  and  niirie  acids ;  concentrated  nitric 
acid  decomposes  it ;  the  fuming  acid  gives  rise  to  a  sort  of  detonation.  The  aqueous 
solution  is  not  affected  by  acetate  of  lead,  nitrate  of  silver,  or  nurcuric  orids^  eveo  at 
the  boiling  temperature ;  the  alcoholic  solution,  on  the  other  hand,  is  inatantaneovilj 
decomposed,  with  separation  of  the  sulphide  of  lead,  silver,  or  mercury. 

CARBOSUI.FHn>B    OF   TBIBTBTU>H08PHIlfB,   (C  H*)^.CS'    a.    /rjiH^^*!  S"         Tri*"thyl- 

phosphine  and  disulphide  of  carbon  combine  together  with  violence,  forming  a  red 
crystalline  mass.  On  mixing  the  two  substances  in  alcoholic  or  ethereal  solution,  tbe 
compound  immediately  separates  in  red  crystalline  laminae,  which  may  be  purified  by 
recrystallisation  from  alcohol,  and  dried  over  oil  of  vitrioL  It  forms  dark  red  mo- 
noclinic  prisms,  in  which  the  axes  a:  b:  c  «  1*5970  :  1 :  0*9205.  Ang^e  b:e  ^ 
66^49',  Observed  feces  ooPoo ,  [  ooPoo  1,  oP,  ooP,  4- Poo.  Angle  ooP  :  oeP  (orthod.) 
-  55°  ly;  oP  :  ooPoo  =  123o  IV;  oP  :  ooP  »  119°  0';  oP  :  +  Poo  -  122«  47'. 
Cleavage  distinct  parallel  to  [  ooPoo']  and  ooPoo  (Phil.  Trans.  1860,  p.  42S).  It 
melts  at  9(P  and  votatilises  at  100^  Heated  with  wattr  in  a  sealed  tube  to  100°  for 
several  days,  it  is  decomposed,  with  formation  of  sulphide  and  oxide  of  triethylphbs- 
phine,  hydrate  of  methyl-triethylphosphonium,  and  carbonic  disulphidi^  tbe  lattet 
being  ftuther  partly  converted  by  the  water  into  carbonic  dioxide  and  sulphydric 
acid: 

4[(C«H»)«P.C8«]  +  2HH)  -  2(C«H»)»PS  +  (C»H*)«PO  +  (CH»XC«H»)«PHO  +  308», 

The  alcoholic  solution  boiled  with  oxide  or  nitrate  of  silver  yields  sulphide  of  tri- 
ethylphosphine together  with  metallic  silver,  sulphide  of  silver,  and  carbonic  dioadde: 

(Cm*yF.CS'  +  2Ag»0  =  (C'H*)»PS  +  Ag*S  +  Ag»  +  C0». 
Carbosulphide  of  triethylphosphine  dissolves  in  strong  hydrochloric  acH  but  is 
precipitated  by  potash  or  ammonia  without  alteration.  The  add  solution  forma  with 
trichloride  of  gold  and  with  tetrachloride  ofplatinuvi,  yellow  amon>hou8  double  salts^ 
which  are  insoluble  in  alcohol  and  ether,  change  colour  and  give  off  hydrochloric  acid 
during  drying.    The  platinum-salt  -  2[(C»H»)«P.CS«]  HK:!l»J»t»'Cl*.    (Hofmann.) 

SojjpKocTAXJLTi  or  TBiBTHTLPHosPHOifiuM,  (C^')*HP.CNS  -.(C»H*)«>p-  Pro- 
duced by  dissolving  triethylphosphine  in  snlphocyanic  acid.  When  heated,  it  partly 
volatilises  undecomposed,  but  the  greater  part  suffers  decomposition,  eiving  off  salphids 
and  carbo-sulphide  of  triethylphosphine,  together  with  free  carbomc  disulphide  and 
leaving  a  brown  ill-defined  substance  which  gives  off  ammonia  when  treated  with  aa 
alkali   (Hofmann.) 

TMretlijlplioaplioiiiiim,  (C«H»)*P.— Known  only  in  combination.  The  hydrate, 
H  ( ^'  ^  obtained  by  the  action  of  silver-oxide  on  the  iodide.  A  strongly  alka- 
line, nearly  inodorous  bitter  liquid  is  thereby  formed,  which  retains  a  little  silver  in 
mlution,  and  dries  up  over  oil  of  vitriol  to  a  crystalline,  extremely  deliquescent  mass^ 
tly  silver  separating  at  the  same  time  as  a  black  powder,  or  as  a  biiUiant  metallic 
Bunor.  This  mass  when  redissolved  in  water  yields  a  colourless  liquid  free  from  silver, 
CNit  genionlly  oontsining  carbonic  add.  The  solid  hydrate  absorbs  water  and  carbonifl 
ttcid  with  avidity. 
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Iq  ita  deportment  with  otlitT  Kubstimccfi,  hjdratc  of  teinsth^Iphosphoiiium  ro«oTn1)le« 
hydrate  of  totroth^kmrnoxiiiiiQ  (ii.  SGI),  its  etjlutioo  peactiog  with  metallic  aalt«, — 
like  Violation  of  caustic  potatli;  but  Mine  of  the  precipitat4M>  e.  g,  alumina  and  niuv 
oxidn,  dissolTe  leaa  readiW  in  ezcen  of  tire  |>lio«pborufl-baM. 

The  hydrate  U  re»olved  by  heat  into  hydride  of  ethyl  and  oxide  of  triethylphosphme 
(p.  6L2).  If  howeTer  it  haa  bee  a  expoaed  for  eome  time  to  the  air  and  has  absorbisd 
earbonie  acid,  a  difffWDt  decompoaidon  takes  place,  the  carbonate  of  tetrethylphospho- 
nium  being  rcaolved  into  triethylphospbiQe  and  carbonate  of  ethyl,  which  pasaea  over 
in  the  form  of  an  inflammable  aromatic  liquid,  witJhout  any  evolution  of  permanent 
gtus : 

r(C»H»)«P]'CO>      .       2(C>H*)^     +     ((7E*)»C0». 

Salts  of  Tetretbylphosphoninro.^ — The  hydrate  dtsAolves  in  by  dnKshlorie,  nitric 
and  mlphurie  actds,  forming  cryttaUianble  deliquescent  salu,  M>lubte  m  ulcohot  but  for 
the  most  part  ineolable  in  ether.  The  hydr&chhrate  forms  ftparingly  soluble  precipi* 
tatea  with  trichloride  of  gold  and  tetmchtoride  of  platinum.  The  ffold-iudt, 
(C*H*)^P.AiiCl',  crystallises  from  boiliog  wat«r  in  8hinia|j  yellow  ne«dle6.  The 
ptafrnum-salt,  2(C^H*)*P.PtCl\  is  a  pale  orange-yeUow  prccipitttte,  sparingly  soluble  in 
boiling  water,  insoluble  in  alcohol  and  ether,  not  decomposing  at  100''.  When  recry* 
stalliaed  horn  boiling  water,  it  forms  regular  octahedioiis  hating  their  summits  replaced 
by  fiieei  of  the  cube. 

CAloroHmmU,  2(C"H*)*PCLZn''Cl»  — When  oxychloride  of  phosphoraa  ia  added  by 
drops  to  pure  ziDC-ethy],  a  Tiolent  reaction  is  set  up  (exploaiTeif  an  ethereiU  solution  of 
zinc-ethyl  ia  oaed^  and  a  colourless  syrup  la  formed  which  gTHdually  solidifies  to  a 
Tttreoua  maaa,  which  is  decom  posed  by  water  into  gaaeous  hydride  of  ethyl,  insolubln 
oxychloride  of  sine,  and  a  solution  which  when  evaporated  over  oil  of  vitriol  yields  the 
chioroxineate  in  colourless  transparent  dimetric  crystals : 

AZn-'iCm^f  +   2P0C1*     m     2{C*H»)*PCLZn"a«   +   iZn'O   +  ZnXI«. 

The  dtiuble  salt  is  permanent  in  the  air  and  easily  soluble  in  water,  (Pebal,  Ann.  Ch, 
Pharm.  cxx.  198.) 

lodidf,  (C*H*)*PL — On  mixing  triethylpho*iphinc  with  iodide  of  ethyl,  a  violent 
action  ensupM  after  a  few  moments,  the  liquid  efierreecing  with  almost  explosive  violeuoe^ 
and  then  solidifying  in  a  white  crystalllDe  maas.  If  an  ethereal  solution  of  trietbylpho*- 
phine  is  used,  the  crystals  form  more  idowly.  It  is  also  produced  by  submitting 
hydrate  of  ethylene- hezethyl-dtphofiphonium  (p.  621)  to  the  action  of  heat,  and  neu- 
tmliMtng  the  alkaline  midue  (which  containa  nydrate  of  tetrethylphoapbouiuni)  with 
hjdriodic  add. 

Iodide  of  totrethylphosphoniiim  crystalliitefi  in  rhomhohedral  combinations  (more  or 
leaa  complex  according  to  the  mode  of  preparation)  of  the  fiicca  oB,  ooP2,  R,  —JR. 
iF2;,  The  angles  of  these  several  facee  In  the  terminal  ed^a  are  as  followii :  R  :  R  « 
§3^26';  |P2:}P2  -  127°  6' ;  IP2  :  |P2  =  139°;  -JR:  -JR  -  lll^  46';  R: 
oR  =  120^  28';  oR  :  |P2  =  117°  laomorphous  with  iodide  of  silver,  (Pldl  Trans. 
1850,  p.  633 ;  Jahr^'sb.  1S61,  p.  478.) 

The  iodide  is  very  soluble  in  vater,  less  soluble  in  alcoholf  insoluble  in  ether.  Tlie 
aqueous  solution  crystallines  on  addition  of  pota«h-aolution,  in  which  this  tnjmpound, 
like  the  iodides  of  tetmmethylammoniuiu  and  teffetliylaromoniiim  (ii.  562  ;  iii.  099 )» 
is  but  slightly  soluble.  From  the  alcoholic  solution  it  is  deposited  on  addition  of 
ether,  as  a  ciystallme  powder.  If  ether  be  added  to  a  cold  alcoholic  solutioD,  as  long 
as  the  precipitate  tint  formed  is  disaolTed  by  boiling,  well -formed  crystals  of  the  iodide 
are  deposited  on  coolinj?. 

Icdocincatf,  2(C*H*)*PI.Zn''P,— This  salt,  which  constitutes  the  chief  produtrt  of  the 
action  of  ethylic  iodide  on  crystallised  phosphide  of  zinc  (p»  GO0),  forma  beautiful 
yellowish  crystals,    (  C  a  b  o  u  r  s. ) 

M«lfcyl-tH©tliylpliosFli«iiiiiiii,{CH*X<^'H*'i'P.— The  iodide,  (CH")(C*H')«PI,  is 
produced  by  dire<*t  combination  of  methylic  iodide  with  ^etbylphoMphine.  The  h^drnU 
IS  obtained  by  tpciiring  the  iodide  with  silver-hydratflj  or  by  heating  carbosulphide  of 
triethylohofiphino  with  waler  (p.  6H).  The  aqueous  solution  mixed  with  hydnJchloric 
acid  and  tetrachloride  of  pktinum  yields  tht^  ptatinum'Sait,  2{CW ){C^UyF€lFlC\\ 

BtHTl-trimetliyipliMitlioiiltuii,  (e=n*)(CH»)«P.— The  iodide,  (C*H*)(CH»)*PI,  is 
obtained  by  adiling  irKJi-li?  of  Pthyl  to  an  ethereal  solution  of  trimethylpho«phine,  and 
puritied  by  recry*itallii<ution  f^^m  boiling  wati^r.  The  hydraU^  obtained  by  d^om peeing 
rhf  ftilver-salt  with  Bilv«T-hydrat*\  yiolds  with  hydrochloric  acid  and  tetrachloride  of 
pljvtitium  a  piatntifm-s^ft,  2(C' IPj(CH')*PClPtCl*,  crystallising  in  large  well*defintd 
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7.  A  my  I -compound  9, 

THoithyliMjlpb— »fc>Bi«m,  C*H*P  -  (CH^C*H*>)P.~Tlw 
CH^PI,  is  deposited  slowly  from  sn  etiiereal  nuzhire  of  iodide  of  Amyl  and  tin 
phospfaine.  It  is  extreme^  sohible  in  water,  so  that  if  the  ethereal  sohitiaa  of  i 
of  am jl  eontains  antw  a  tnee  of  water,  the  salt  separates  in  the  form  of  a  sjivp  which 
only  gradually  solidifies.  From  absolute  aleohol  it  crystallibes,  though  with  difljf  hy. 
in  needles.  

CkhroploHnate,  2(CH*)XC*H*i)PCIl*tCll— The  hydnte,  formed  from  the  iodide  by 
means  of  hydrate  of  stlrer,  yields  with  hydrodilnric  acid  and  tetraddofide  of  fiJaffnm 
a  Tery  soluble  platinnm  sah ,  which  crystallises  from  boiling  water  in  ^leodid  nredlss 
aggr^ated  in  spherales.     (Hofmann  and  Cahonrs.) 

TWt^ylaaaylpn— pHiMilBiii.  C"H"P  »  (Cni*)>((?H'*)P.— Iodide  of  mayl  acta 
but  slowly  on  triethylphoq»hine.  An  ethereal  mixtore  of  the  two  snbstaBeea  dspoafes 
in  a  few  dajTS  beantifnl  oystals  of  the  iodide  C*'H*n,  which  may  be  pviified  by  sD* 
lotion  in  alcohol  and  precipitation  by  ether. 

The  J^^drute^  obtained  by  treating  the  iodide  with  hydrate  of  sflrer,  reaeaibles  tha 
hydrate  of  tetrethylphosphoninm.  When  heated,  it  gives  oiF  a  sasall  qaanti^  of  iB- 
flammable  gss,  probably  hydride  of  ethyl,  a  liquid  being  also  formed,  which  botla  ai 
about  280^,  and  appears  to  be  the  oxide  of  diethylamylphosphine : 

(C«H»)«(C^»)PHO     -     (C*H*)«(C*H»»)PO   ♦  C*E*M. 

CklorofUanaU,  3(G"H*WC*H")PCLPtC!^— The  solution  of  the  hydrate  in  hydro- 
ddoric  acid,  deposits*  on  adoitioo  of  teCradiloride  of  platinum,  a  beautillil  nlaliiiam 
salt,  which  crystallises  in  prisms  with  flat  terminal  planes.      It  is  inscrfable  m  aleohol 
and  ether,  but  rather  soluble  in  water, 

9.  Allyl- compounds. 

Tiialfcfl-BnjlpfcsapliSMlBni,CH*P  «  {Cm*f{Cm*'jiP,^lodide  of aDy!  act»  with 
great  energy  on  triethTlpbosphine,  forming  a  solid  nroduct  which,  when  recrrstallised 
from  alcohol,  yields  splendid  needles  of  the  iodide,  (C«H*ACH»)PL  The  dioride  and 
kydraie  resemble  the  corresponding  compounds  of  tetrethTlphoephonium-  TVe  eMoro- 
]dmtimMU  crystallises  readily  in  oeUhedroniL  The  nUpkoc^enuOe,  (C*H*)^CV»yP.CNS, 
obtained  by  treating  the  hydrate  with  sulphocyanie  add,  is  easily  eoluUe  and  oyrtal- 
lises  with  difficulty.    (Hofmann,  FhiL  TrauflL  1860,  442.) 

T^jat^l^sd^yl  —Ip^swrta  ffciifliiBlHHi,  C*«H*1^PS     -¥      (C'H'i'V^. 

jHofmann,FfaiLTraBSL  1860,  p.  4^).— This  base.  BMtamme  with  the  snlpitocyanala 
just  mentioaed,  and  formed  on  the  carbamide  or  urea  type,  is  prodaeed  by  the  divect 
combination  of  1  at.  sulphoeyanate  of  all^  with  1  aL  trietl^phosphiiie.  The  two 
bodies  act  on  one  another  with  great  Tiolence,  fonning  a  brown  mixture  which,  after 
some  d^fs,  yields  brown  crystals  difficult  to  purify.  It  is  better  to  mix  the  two  sub- 
stances m  ethereal  solutkii,  a  crystalline  mass  being  then  obtained,  which  may  bs 
pma&f^  by  washing  it  with  cold  ether,  and  once  leujIlalHsing  from  boili^  ether. 

This  comnound  aystaltises  with  great  foeility  in  colourlesK,  transparrnt,  Wi41-dc€]i^ 
ciystalsy  half  an  inch  long.  They  are  moooelinic^  exhibiting  the  frees  oePao ,  oP, 
obP,  -i^Pao,  -kSPoo,  ^|P.  Batio  of  axee^  c!6:r  -  0-8321:  1  .O-SMt.  Ai^^ 
of  indnied  axes,  &,  c  »  115^  15*.  Ang^  aeP  :  (xP  (otthod.)  -  IS^  27;  oP  :  oeP  . 
W*4A'iqB'.  obPoo  ^llS^lfi*;  oP:  +Pao  =  130<>2«',oP:  ♦  2P»  «  100°  M'. 
The  crystals  are  less  hard  than  gypsum;  deare  easfly  and  distinctly  p*»ll*>  to 
esPoo  and  oP.    (PfaiL  TransL  1860,  440.) 

The  compound  is  insoiuUe  in  water,  but  easily  soluble  in  aleohol,  the  solution 
having  a  feint  alkaHiie  reaction.     It  melts  at  68^,  and  solidifies  at  6I0.     At  a  T  ~ 


temperature  it  decomposes,  emitting  a  peculiarly  repvIsiTe  odour,  and  j  ii  Hii^  ciyatali 
af  sulphide  of  trielhylphoiphine  in  considetabie  quantity.  Ti  ilia  w  il  1  w  1 1  mlilj  in  h/dii  1 
~*^*~^?  acid,  and  the  sofadson  mixed  with  platinic  chloride  yields  a  l%ht  ycDow  aeai^ 
>of  ajrfsfniMBi  safr, 

0»H«!PP'B«Pta«    «    2[(CS)-(C«H»)\C'H»)SPJffCP.Pl"^\ 

c.  Pheupl-compomnd, 

(CS)*|^ 

UlUfciiMi  iiljliiiiiii  pfciapfcinlliiiii^  C"H*KP8   »  (OH>)f12 

1860^  ]k  433)1— Tlda  hasa^  ankeovs  in  nmpnmiom  to  the 
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^llyl-comtKMUicI  jmt  described,  ii  prodQced  iu  like  manuer  bj  tbe  dlrecl  conjbiutitu>uof 
trietlijlpwMphine  wilh  itilphcx'vatiate  of  ph^^nyl,  Hud  Ukfuris^  purified  by  ws.'ifainjk;  mth 
cold  ctner  nod  cryitftlliBAtioti  from  boiling  ether.  Tbo  cryntJiU  ure  moaocliDiCf 
«^xhibitiiig  the  fiaoea  oeP,  qcPod,  (  oePae  \  oP,  with  the  vigl^  ooP  :  ceP  (orthod,)-  -= 
91°  r;  oP:  ooF  -  109«»  50';  oF  :  »P«>  =  118^  68'.  The  erjaiAh  are  about  as 
hard  n»  gjpsmn,  ftnd  deavc  di«tinL-tlj  piiriLllel  to  oePoo  ,  with  fibrous  l^U'avllgt;  pjinJlcl 
to  00 Poo  .  This  compound  is  homcKomorphous  witb  the  preceding,  idiio  with  thioainnft- 
miDe  or  alljl'Sulphocarbumide. 

The  pbeaylie  pho«photiitnde  melt  st  67'S^,  And  deeompoeee  ftt  100^  like  the  uU^'l- 
miBpoimd,  «imuing  iJao  an  piiremely  repulsive  odaur.  The  mmc  de^^ompoeition 
tiiket  pkee  grsdual^  at  eommon  tcmpemtureN,  and  moei  quickly  when  the  compound 
if  hmud  to  1 60°— 160'='  in  w&Ied  tuW 

The  phosphonitrido  i^  insolable  in  water,  but  eolyble  in  akokol  and  in  boiling;  fiher. 
It  dJMolTe-B  olao  with  the  greatest  facilitjr  in  acidji^  even  when  fery  diluti^,  forming,  in 
many  casaa,  easily  ayBtallisable  udta  which  are  capable  of  donbk  decompoeition,  and 
from  which  the  baae  may  be  eeparated  by  carefnl  addition  of  pot&ah  or  amoioaia.  They 
are  bowerar  reiy  prone  to  decompoaition.  Nitric  acid,  e\en  if  extremely  diluta* 
decompoBee  the  compound,  separating  sulphocyaoate  of  pbeuyl,  and  couTerting  tbe  tri- 
rthYlphosphine  into  oxide.  The  solution  of  the  ba»<»  in  hydrochhrie  acid  is  moM 
irtMilc,  but  beoomes  milkv  when  largely  diluted  with  water,  sulphociyanate  of  phenyl 
Heparuting  out^  and  chlonde  of  irieth)  tpboHphoniuni  remaining  in  ■olution.  Ammonia 
lidded  to  the  conceutzutKl  hydrochloric  solution,  sepafHtes  tbe  base  without  decompo- 
sition; but  if  the  dilute  s<jilution  be  boiled  with  ammonia,  the  turbidity  perceptible  at 
the  conunenoement  disappears  a^in,  and  afler  a  few  moments^  crystals  of  pneny  1- 
sulphocarbamida  Mfiaratep  tnethylphosphine  being  likewise  set  free : 


^-  H«N     -    (C»H»)«P   + 


Pota»k  MCtM  in  a  iimilar  manoert  excepting  that  it  separates  dipheoy  l-anlphocAr- 
bamide: 


wm 


+  4KH0  *  K^  +  K'CO*  +  H*0  +  2(CrH»)«P  + 


N« 


Un  adding  a  few  drops  of  carftwitc  disuiphide  to  a  sotntion  of  tJie  phenylic  phospho- 
mtride,  the  liqtiid  beoomes  deep  red,  and  on  cooling  depoatts  ciyvtals  of  carbosulphide 
uf  trietbylphofiphine ;  and  the  mother-liquor  yields^  on  sYaporatlon,  oily  drops  of 
phpDvlic  HuIphtKryanate, 

Bidrockforutr,  C^'H»^PaHCl— The  solution  of  the  phosphonitride  in  hydro- 
chloric neUl  Bolidifles  on  cooling  to  a  ciritalline  mnss^  which  when  recryitt&llised  from 
moderately  warm  water,  yields  splendid  cadmium-yellow  crystals  often  an  inch  long» 
Boiling  water  decomDOBCS  it^  and  the  dry  salt  likewise  decomposes  at  100**.  The  same 
is  the  ease  with  all  tlie  other  salts  of  the  base :  they  must  therefore  b«  dried  in  vacuo 
over  oil  of  vitriol. 

The  kydrobromaU  is  analogofos  t4>  ths  hydrochlorate  in  composition  and  in 
properties. 

The  chlofopictinaU,  2C'«H"KP8Cl.PtCl\  8eparaf*»s  as  a  light-yellow  crystolJine  pre- 
iipitate,  or  fkom  dilute  eolutioiis  in  somewhat  better- formed  crystals^  often  in  lily-shaped 
aggregations. 


MfiJk^ioiiide,    C'*H*NPaCH»I 


N 

P.— This 

I 


compound  is  fonned  on 


(CSf  ] 

OH'    I 

CH»    I 

pouring  iodide  of  methyl  into  an  ethereal  solution  of  the  phenylic  pho«(phonitnde,  and 
i^parateji  immediately  as  a  heavy  oil  which  rapidly  solidifies  into  a  cr^'stnlhne  manAL 
It  is  soluble  in  boiling  water,  and  st'parates  on  cooling  in  splendid*  golden-yellow 


M^iksft-chhroptaHnate,  C»H«N»P'S'RC1'  =  a(C"»H»NPS.CH*Cl).Pl"Cl\— The 
chloride  obtained  hy  ireating  the  methyl-iodide  with  chloride  of  silTCP,  yieldit  on 
addition  of  platiiiic  chloride,  nn  acicular  plaiinumsak  having  this  composition,  which 
may  be  recrystAlliaed  from  bulling  water. 

Meih^l-htfdrate,  C**H»^NPSO   =    C"H^^PS.CH"(HO)   ==   (C*H»)^CTP)tF— The 

(CH«)H       )0 
if>dide  treated  with  moist  oxid*?  of  silver  yields  a  very  caustic  alkaHne  liquid  <%tntainfng 
this  hydrate,  inasmuch  aS|  when  naturated  with  hydrcK:hlorie  add  and  mixed  with 
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platinic  chloride,  it  yields  the  acicular  platinnm-salt  jiut  described.  It  is  howefer 
easily  decomposed ;  for  on  boiling,  it  emits  the  odour  of  phenylic  sulpho^^aiiate,  and  if 
the  boiling  be  prolonged  till  this  odour  is  no  longer  perceptible,  addition  of  hydio« 
chloric  add  and  platinic  chloride  no  longer  produces  the  acicular  platinum-salt^  bnt  im 
its  place  large  yellow  octahedrons  are  deposited  on  eraporation,  consisting  of  the 
chloroplatinate  of  methyl-triethyl-phosphonium. 

i*.  Benzyl'Compound, 

Trietlijl-beiiByl-pliosplioiiliim.    The  chloride,  (C*H*)>((rH*)PCI,  is  produced 
by  heating  triethylphosphine  with  chloride  of  benzylene,  C'H«C1«,  to  120«>— 130«;  best 
in  presence  of  alcohol : 
8(C«H»yT  +  CTH^Cl*  +  H»0  -  (C«H»)«(C»H^)Pa  +  (C«H»)»HPa  +  (C«H»)*PO. 

The  benzyl-phosphonium  base,  liberated  by  suocessire  treatment  with  baryta,  oxide  of 
mlver,  and  carbonic  acid,  forms  a  strongly  alkaline  liquid,  yielding  a  well  crystallised, 
but  Teiy  deliquescent  iodide,  and  a  sparingly  soluble  platinum-salt,  which  when  recryv- 
tallised  from  boiling  water,  exhibited  the  composition  2[(C*H»)«(CH')Fa]PtCl*. 

in    Monopkosphoniums  produced  by  the  action  of  Diatomic  aleokolie 
Bromidee,  Chlorides,  ^c.  on  Trimethyl*  and  Triethyl-phoaphine. 

Brom«tlijl-«rletlij1-9]iosp]ioiiliiiii«  (C*H^r)(C^*)7.~The  bromide  of  this 
radicle,  C«H»PBr*  =  (C«H«BrXC«H»)^Br,  is  produced,  together  with  dibromide  of 
ethylene-hexethyl-diphosphonium,  by  the  action  of  dibromide  of  ethylene  on  triethyl- 
phosphine (pp.  608,  611): 

(C«H»)»P     +     C«H^i«      «      (C«H^r)(C^»)«PBr 
and  2(C«H»)»P     +     C«H*Br*      -       (C«H<)''(C?»H*)*P«Bi». 

The  mixture  becomes  turbid  at  first  and  gradually  solidifies  to  a  saline  mass  of  the 
two  salts ;  the  action  is  accelerated  by  gentle  heating.  It  is  best  to  add  the  dibromide 
of  ethylene  to  triethylphosphine  mixed  with  twice  its  volume  of  ether  in  a  flask  filled 
with  carbonic  dioxide  and  provided  with  an  upright  condensing  tube.  As  soon  as  the 
liquid,  on  being  heated  with  carbonic  disulphide  (p.  710),  gives  no  further  indication 
of  the  presence  of  free  triethylphosphine,  the  separated  crystals  are  collected  on  a 
filter  and  washed  with  ether  to  free  them  from  adhering  dibromide  of  ethylene.  To 
separate  the  two  bromides  (which  are  accompanied  bv  small  quantities  of  oxide  and 
hydrobromate  of  triethylphosphine)  they  are  crystallised  three  or  four  times  frtna 
absolute  alcohol,  mixed  for  the  last  crystallisation  with  a  little  ether.  The  much  more 
soluble  diphosphonium-bromide  then  remains  in  the  mother-liquors,  and  the  bromide 
of  bromethyl-triethyl-phosphonium  is  ultimately  obtained  quite  pure  and  sometimes  in 
separate  well-developed  crystals. — 2.  Brominated  ethylic  bromide  (CH^Br.Br),  acts 
upon  triethylphosphine  in  a  similar  manner,  but  less  energetically,  and  yields  a  smaller 
proportion  of  the  monophosphonium-bromide. 

Bromide  of  bromethyl-triethyl-phosphonium  crystallises  in  white,  nnctnons,  muck 
elongated  rhombic  dodecahedrons,  very  soluble  in  water  and  in  aqueous  alcohol,  less 
soluble  in  absolute  alcohol.  It  melts  at  236^,  and  decomposes  at  higher  temperatures, 
giving  off  hydrobromic  acid. 

BUver-ealU  added  to  a  cold  solution  of  this  bromide,  throw  down  only  half  the 
bromine,  yielding  salts  of  bromethyl-triethylphosphonium  which  generally  form  doable 
salts  with  the  excess  of  the  silver-salt.  On  continued  boiling,  however,  the  whole  of 
the  bromine  is  precipitated  as  bromide  of  silver,  with  formation  of  a  salt  of  vinyl- 
triethylphosphonium  (p.  608).  It  is  on  account  of  the  greater  force  with  which 
one-half  of  the  bromine  is  retained,  that  the  compound  is  supposed  to  contain  a 
brominated  radicle.  For  another  view  of  the  constitution  of  this  and  similar  compounds, 
aee  Amxonium-basbs  (L  197).  Silver-oxide  digested  with  bromide  of  bromethyl-tri- 
ethylphosphonium, precipitates  all  the  bromine,  and  forms  a  solution  of  hydrate  of 
oxethyl-tnethylphosphonium*  Potash  has  no  action  on  the  compound  in  tJie  cold ;  after 
prolonged  boiling  it  produces  reactions  which  have  not  yet  been  examined.  When  a 
solution  of  the  bromide,  acidulated  with  sulphuric  acid,  is  digested  with  grairalated 
tine,  bromide  of  tetrethylphosphonium  is  produced : 

(C«H*BrXC^»)'PBr  +  H«     -     (C«H»)*PBr  +  HBr. 
Bromide  of  bromethyl-triethyl-phosphonium  unites  with  1  at.  triethyU  or  trimfethyl' 
phosphine,  forming  dibromide  of  ethylene-hexethjrl-diphosphonium  or  of  ethylene-tri- 
methyl-triethyl-diphosphonium;   similarly  with  1  at  ammonia,  ethylamine,  diethyl- 
amine,  and  trimethylamine,  jforming  dibromides  of  phosphammoniums :  €,g. — 

(C«H*BrXC*H»)'PBr  +  NH«     «     [(C«H*)''(C»^»)«H•PN]^B^». 
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TVitiJ^iamns  a]o(Be  aeU  in  «  different  waj  ;  ia  preipno?  of  not  perfectly  dehydf3it*»d 
iiloohoU  it  fontui  bromide  of  oaL^thjrl-tmthjI-pUoAphoQinm  *iid  bromide  of  triethjl* 


(C»H*Bi-)(CTH»)TBr  +  ((?H»)'N  +  11*0     «    (C*H»0)(C*H*)»PBr  +  (CTP)*nNBr. 

If  water  be  complettlj  endiided,  no  nction  takot  pLic^  «i  100^,  and  the  products  foimed 
ftbciT^  1 3(P  luTe  DOt  jet  bam  examiived. 

CUoridf  (if  Brf>metkyl-iri^thyi-jthotpkomum  ia  obtaiood  Vj  digaating  tlie  bromida 
with  cUtonde  of  ailrer  It  »  very  aolobla  in  water  and  in  alcohol,  and  only  imperfectly 
cryafAllisabl*.  Tho  chhrtMtwaU,  {C?H*BrKC*H*)*PClAnCP,  ctyat«lUi«a  from  buiting 
whC«t  in  light  yellow  neediaa  t^ghtlj  aoluble  in  cold  wstar.  Tba  cklotQjdatinaU, 
2[((?H*BrXC'H^)*F€l)PtCl*,  fbonaloDg  monocliEiic  priama  having  an  otange-jellow 
colour  and  ritrooya  Instm.     Tha  cfyatala  are  combioationa  of  the  fac«a  ooPoo ,  [  aePoo  1, 

aP,  4  Poo,  -P«.  [P«],  +P,  -P,  2P2.     Angle  odP  :   ooP  (orthod.)  *   81^  45*'; 

aP:  +P  »  133^  4&*;  »P :  -P  -  133o  3';  +Pao  :  +P  .  ISO*'  37';  -P«  :  -P 
«  16GP  H';  2P2:  -P  -  160^  63^  2P2  :  »P  =  14l»  3d'  (Phil.  Traua.  1860^ 
p.  497).  Ratio  of  axes  a  :  h:  c  »  09685  :  1  :  0'6«')fi0.  Aiiglfi  of  tociined  axes  b,  c  •• 
gQo  2*,  The  aalt  di^soki^  rather  aparin^Ij  in  cold,  more  tasilj  in  boiling  water,  and 
may  b«  recnsUdJiaed  without  decompontion. 

loiitd^  f/  Bromrthjft-irUtkyl-phmkoniMn^  obtained  by  deeompoting  the  6nlp!iat4> 
with  iodide  of  buriuni«  fonn»  spHringfy  (nolnble  pearly  scales.  The  nitrnU  is  Bimilar  to 
the  chlorido.  The  svlpkate  arpttrates  in  long  white  ni^dles,  eaaily  Botuhlp  in  water  and 
akohol^  when  the  bromide  is  ftrat  converted^  by  trfatnient  with  uilnrr-Bulphotc,  into  n 
double  iulpbftte  of  silrer  and  bromethjl>triethyl-phoiplioninm,  and  the  lolutionf  after 
being  £reed  &om  silTer  by  uttlphydric  acid  and  etapomted,  itt  mixed  with  a  little  alcohol 
and  ether«     (Hofmann.) 

Ciaorvttijri.trtetbjrl-plioapboiiiiitm  (C*n*ClX^*^*)*^*— ^^^^  triethylphofl- 
phine  ia  left  in  contact  for  ^cvltaI  daya  at  common  temperatnn^s  with  dichlonde  of 
ethylene,  or  with  its  iaomer,  moDOchloriiiated  etbjlic  chloride,  a  white  crystalline  masaia 
formed^  which  contaia»  chloride  of  chlorcthyl-tripthyl-phoapbonium,  together  with  a  large 
qnantity  of  dichbride  of  ethylene-hexethyl-diphoephoninm.  On  mixing;  the  aqneoua 
aolntioD  with  tetrachlortde  ot  {datinum^  a  pile  yellow  crystalline  precipitate  ia  firat 
formed  oomaiating  of  the  platinnm-aalt  of  the  diphosphoninm  ;  but  this  after  a  few 
hfjurs  beoomea  eorerf^l  with  doep  orange-yellow  crystala  of  the  monophcvjiphoninm 
pint i nam *aalt,  eatcily  soparattHi  from  the  preceding  by  mechanical  meana.  The  cMoro^ 
plftiinaif,  2[(C=H*Cl)tC'H*)»PCi].PtCI«,  la  more  soluble  than  the  eorreaponding  hrom- 
ethyhit^^d  naif. 

Chloride  of  chlofethyl-triethylphospboTiinm  is  also  produced  by  the  action  of  penta- 
chloride  of  phosphorus  on  the  chloride  of  oxethyl-triethylphoapbomnm : 

((7H*0XC»H»)'PC1   +   pa*     -     (C»H*C1)(C»H*)TC1   +   HO   +   POQ*, 

f^xetl&yl-tHdtliylpbiiaiiliikiilnai,  C*II»PO  -  (CHH3)(C'H»)*P.™The  hydrate, 

H       (  ^'  ^  obtiiined  by  digmting  bromide  of  bromethyl-triethylpbospho- 

nimn  with  hydrate  of  eilrer: 

(CH*BrXC«H»)TBr  +   2AgH0     -     ((?HH))(C*H*)THO   +   2AgBr; 

or  by  decomposing  the  sulphate  of  broiinethyl«tnethylpbosphoniam  with  caustic  barytA. 
When  the  titrate  obtained  in  either  ease  ia  evaporated  orer  oil  of  ntrio!,  there  rematna 
a  Tcry  deliquescent  symp  from  which  potash  sepamtes  the  base  in  oily  drofis.  When 
strongly  heated,  it  ^M  reeolved  into  oxide  of  triethylphospbine^  etnylene-gaa»  and 
water: 

(€3»H*0XC'H»)*PH0     ^    (C*H»)TO  +  C^*  +   H*0. 

The  hydrate  ^omeUrm  easily  in  acids,  forming  more  or  less  CfyBtalKsAble  salta. 
The  bromide  and  eUoride  are  indistinctly  cr^'stalline,  extremely  soluble,  and  eaaily 
form  double  salts  with  bromide  and  chlonde  of  zinc.     The  chloride  is  violently  at- 
ta'^kpfl  by  pentabromide  of  phosphorus,  and  converted  into  chloride  of  bromethyU 
trietbyl-phofphontum : 

(CH*0XOH')"PCl  4   PBr»     -     (CH«BrXCH»)^a   +   POBr»  +  HBr. 

The  cA/oro^flMrfffe,  ^(PH'OXC^HWCLAnCl",  forms  gold  yellow  needle*  which  dJa- 
ringly  in  boiling  water,  and  mel 
insufficient  to  dissolve  them. 


solre 


[  melt  to  a  yellow  oil  when  the  quautity  of  water  ia 


The  chlon^platinat*\  3[(C"H*0XC*H*)*PCll.Pta\  cp'stallisea  on  eraporating  a 
ftolution  of  the  chloride  mixed  with  tetmcbloride  of  platinum,  in  smsil  omnge-yelTow, 
wt'U -developed  quadratic  octahedron!!,  in  which  the  a  ogle  P  :  P  in  the  lenninal  edgea 
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.  70O  7'_7io  4'  (calc.  rO^'  32');  and  in  the  lateral  edges  lOQ''  32"— 10iP44'  (ealA 
109^  28')  (PhiL  Trans.  1860,  p.  464).    The  salt  is  easUy  soluble  in  hot  water. 

The  iodtde,  (C*HK)XC*H*)'PI,  crystallises  from  a  solotion  of  the  hydrate  saturmted 
with  hydriodie  acid,  and  left  to  evaporate,  in  lon^  needles  which  decompose  at  100^. 
'   The  perchlarate  forms  lamine  slightly  soluble  m  cold  water. 

▼InyUtrletliytpbMplioiiliuii,  (C*H*XC'H*>?.— 1.  The  salts  of  this  base  are 
obtained  by  prolonged  boiling  of  salts  of  brometnyl-triethylphosphonium  with  silrer- 
salts,  the  acetate  being  the  most  easily  produced : 

((?H*BrXO«H»)«PBr  +  2AgC«H»0«  -   (C«H«XC*H»)T.C«HK)«  +  C*H*0«  +  2AgBr. 

2.  The  hydrate  appears  to  be  produced  under  certain  dreumstances  by  the  action  of 
heat  on  hydrate  of  oxethyl-tnethylphosphonium. — 8.  Bromide  of  brometh^l-triethyi- 
pho'iphonium  is  decomposed  by  prolonged  heating,  probably  into  hydrobromic  acid  and 
bromide  of  Tinyl-triethylphosphonium. 

Chloroplatinate. — The  solution  (1),  filtered  from  bromide  of  silver,  yields,  on  addi- 
tion of  platinic  chloride  and  sufficient  concentration,  octahedral  crystals  of  the  salt 
2(C^H»XC«H»)«PCLPta*.    (Hofmann.) 

lodonMlliarl-tHetliylpliospbaBliiiiit  (CH*IXCH*)7.— Trietiivlpho^thine 
junites  direcUy  with  di-iodide  of  methjrlene  C*H*P,  forming  the  iodide  (CH«I)(C'H*)Ti 
which  when  treated  with  hydrate  of  silver  at  ordinary  temperatures  yields  the  oorres- 
ponding hydrate  (CH«IX<W)«P| q     (Hofmann,  Proc.  Boy.  Soc  x.  613.) 

cmiwometiiyl-trttliylphogpbontmnu  The  chloride,  (CH*C1XC*H*)'PCI» 
obtained  in  like  manner  by  the  union  of  1  at .  dichloride  of  ethylene  and  1  at.  triethyl- 
phosphine,  forms  with  platinic  chloride  a  double  salt  which  aystallises  welL  The 
chlonde  is  capable  of  taking  up  a  secund  atom  of  triethylphosphine,  and  forming  the 
dichloride  of  methylene-hexethyl-diphosphonium,  (CH*)''(CH*)^CP, 
which  is  decomposed  by  water,  yiel(^ng  chloride  of  metbyl-triethylphosphonium,  oxide 
of  triethylphosphine  and  hydrochloric  acid : 

(CH«)"(C"H»)«PK31«  +  H«0     -     (CH«XC^*)^C1  +  (C«H»)»PO   +  HCL 
(Hofmann,  Proc.  Boy.  Soc.  zL  290.) 

Brome«liyl-^trlm«tlijlpliospboiiliim«  The  bromide,  (C*H^BrXCH')'PBr,  is 
formed  by  digesting  a  solution  of  trimethylphosphine  in  absolute  alcohol  with  a  very 
large  excess  of  ethylenic  bromide  at  50° — 60°  for  several  hours,  and  separates  on  cool- 
ing in  well-defined  crystals,  which  by  a  few  recrystallisations  from  absolute  adcohul, 
VUkj  be  obtained  perfectly  fr«e  from  adhering  dipho^honium-salt  The  crystals  aro 
trimetric  prisms  exhibiting  the  faces  oo^oo ,  odPoo  ,  oP,  ooP,  2P2.  Batio  of  axes 
a.b'.c^  0*5681  :  1 :  0*4071  (Pha  Trans.  1860,  p.  590). 

The  ehloroplatinate,  2(C^^Br)(CH*)*PCLPtCl^  crystallises  in  fine  orange-yellow 
needles. 

Oxethyl-'trtmetliarlplioaplioiiiiun,  (CHH)XCH*)7.— The  hydrate  produced  by 
the  action  of  silver-hydrate  on  the  bromide  of  bromethyl-trimethylphosphonium  forms 
with  hydrochloric  add  a  very  soluble  chloride,  which  yields  with  tetrachloride  of 
pUtinum  an  easily  soluble  chloroplatinate,  2(CHH))(CH')"PCLPta\  crystallising  in 
octahedrons.    (Ho  f  m  a  n  n. ) 

IL  DiPHOSPHOKIVXS. 

mtHytoae-lMsettijl-dipliMq^oiiiiim.  C>«H>«P*  -  (C<H')''(C*H*)'P^.— The 
bromide  of  this  diatomic  base,  (C^H*)'(CH*)*PfBr',  is  produced  by  the  action  of 
bromide  of  ethylene  on  triethylphosphine : 

(?H*Br»     +     2(C«H»)»P      -       (C5»H*)''(C«H»)«P«Br«. 

If  the  substances  are  mixed  in  the  exact  proportions  indicated  by  this  eqiution  ( 1  vol. 
bromide  of  ethylene  to  3  voL  triethylphosphine)  the  bromide  of  the  diphosphonium  is 
obtained  nearly  pure ;  but  if  the  bromide  of  ethylene  is  in  excess  of  this  proportion,  the 
product  will  likewise  contain  the  bromide  of  bromethyl-triethylphosphonium  (p.  618). 
As  this  monatomic  bromide  is  difficult  to  remove,  it  is  better  to  prepare  the  oiatomie 
bromide  b^  saturating  the  corresponding  hydrate  with  hydrobromic  add.  The  dibromide 
is  also  easily  prepared  by  the  action  of  triethylphosphine  on  tiie  bromide  of  bromethvl- 
triethylphosphonium,  its  formation  taking  place  in  a  few  minutes  in  an  alcoholic  solu- 
tion heated  to  100°. 

The  dibromide  forms  white  needles,  permanent  in  the  air,  very  soluble  in  water  and 
in  alcohol,  insoluble  in  ether. 
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On  Adding  brotuioe>wia«r  to  the  aqueoiia  solution,  WftUtiiiiJ  y^Uow,  but  v«rjr 
uustsble  netoles  iro  formed,  probably  oooauiting  of  a  palvbiroiiude. 

Bro^Mr^ntiaU,  (C»H*)\C*H»)»P'Bi'.A^Br.— Wh»ii  the  boiling  ooo<?entrat«d  ulco- 
holic  «oliitioo  of  the  diphoffpbotuuiu-liroiiiide  19  mixed  with  na  much  silTor-oxide  as  it 
IB  capHble  of  dissolTiiig,  tJie  hot  filtrate  deposits  on  cooliug,  whitt*  crysial*>  of  iho  brtim* 
mrgeutnte  which  are  somewhat  difficult  to  rocrystaUiBe  from  boibtig  alcohol*  The 
double  BiU  in  immediateljr  rssolved  by  water  into  bromide  of  ailTsr  ana  the  biumide  of 
I  he  diphoKphoninm. 

Th«  bromide  deoomiKMied  with  hydrate  of  silver  yields  the  ooirespoadiiig  hydrate^ 
whteh  when  treuted  with  adds  yieidi  the  aeveral  salla  of  ethj^lene-hexetbyUdipboa* 
phooium. 

Carbonate^ — Slightly  deliquescent,  reddens  btmns. 

Chloride,  (C^*nC«H>)«P*Cl*.— Produced  by  BaloinHng  the  hydrate  with  hydro- 
ehloricacidf  or  by  treatlnj^  the  bromide  or  iodide  with  dilorid^  of  mlver;  also  when 
trietbylpho6phioe  in  mixed  with  dtdilonde  of  ethylene  or  heated  for  Dome  time  to  120^ 
witb  chionoated  et hylic  chloride.  It  forma  abroaulj-laminar,  pearly,  very  delique^ioeut 
cryHtalline  moss,  Tcry  soluble  in  water  and  in  alrohol,  iuBoluble  iu  ether  It  ii*  precipi- 
taied  unaltered  from  ita  aqacooa  solution  by  potash. 

ClUontauratr,  (C"H*)''(C*B*)*P«CR2AuCn— Ooycu-yellow  nefdles^  spariugly  soluble 
in  cold  water,  easily  iu  boiliug  alcohoL 

CkforQjfttUeditr.^—A  dilute  wolution  of  the  diphoffphonium -chloride  is  not  prf-cipitated 
by  chloride  of  palladiuiu;  but  on  adding  alcohol,  Achocolflt4«*co]ouredcryKtallinQ  pulp 
is  formed,  cousistina  of  Hinall  interloc^Kl  ne<edlea«  the  concentrated  aqueous  solution  of 
which  deposits  reddish'y^pliow  prisms  on  slow  cooUugt  and  a  yellowish'red  ccystalltue 
powder  when  quicl^y  cooled. 

Chlor&TitfrcuraU,  2[(Cr'H*)"{CH*)*P^l*].3Hg"Cl».— Thb  white  lamiiue  or  needles^ 
slightly  soluble  in  water  aud  in  alcohoL 

ChUfraptatinatr,  (C«H«)"'(C*H»)*P*Cl',PtCl».— Tetrachloride  of  platbum  produces  in 
the  most  dilute  solutions  of  the  dlphosphonitun-^hkKride  a  pale  yellow  pp<^ipiT4it*% 
which  cr)'staHiM'a  from  boiling  hydrochloric  acid  in  sbiaU  well  developrd  mnnocHuic 
prism i»  having  au  orange^yellow  colour  and  ritreous  lustre.  ludiuarion  of  »s.vh.  A,  ^, 
-  82<*  86*.  Observed  faces  qePoe,  [  qcPod  ],  oR  Clt-aTiige  perfect  parallel  to  all 
three.     The  salt  is  nearly  insoluble  in  water*  whether  cold  or  boiliug. 

The  chloro^tanniU  forms  large  prismB,  probably  containing  {C*U*y'(OR*YV*Cl\ 

Chro male. Situate  groups  of  extremely  solable  needlea,  obtained  by  saturating 
the  hydrate  with  chromic  add. 

Cyanide, — ^This  salt  is  not  obtained  by  saturating  the  hydrate  with  hydrocyanic 
acid  ;  but  when  the  iodide  is  digested  with  cyanide  of  silver^  a  doable  salt  passes  into 
solution,  which  cry^itallises  iu  floe  needles,  but  is  very  easily  decompoeible. 

Fluoride. — The  solutiou  of  the  hydmta  aatorated  with  hydrofltjorie  ikcid  dries  up 
oTi^r  oil  of  fitriol  to  a  colourless  tmusparent  syrup,  solubk'  iu  tdcohol,  iustiluble  iu 
ether. — The  silic(hJluorid€  Is  uucrj'stallisablc. 


Hydrate,  [(<^'H»KC^H*)«P^'|  o*._prepared  by  adding  oxide  of  siker  to  an  ako- 

Lion  of    '     " 
:.  in/X 
I  of  the 


holic  solution  of  the  bromide,  or  brtter  of  the  iodide,  which  is  more  easily  obtained 
pure  {vid,  in/\  The  silrer-oxide  then  disMjlres,  and  the  solution  Btmu  deposits  a 
compound  of  toe  bromide  or  iodide  of  the  diphosphoniura  with  bromide  or  iodide  of 
■ilver;  but  on  adding  more  silver-oxide  and  a  little  water,  this  double  «alt  is  de«im- 
posed.  and  a  highly  caustic,  nearly  inodoroiui,  but  ve^ry  bitter  liquid  is  obtained,  which 
when  filtered  and  evapon^^d  in  the  sir,  tAkes  up  car^nic  add  and  leaves  a  crystalline 
mixture  of  hydr&te  and  carbonate,  but  dries  up  in  riicua  over  otl  of  vitriol  to  a  very 
deliquescent,  perfectly  nneryjitalline  syrup,  from  which  potash  sepamtes  the  hydrate 
of  ♦>thyleno-hexcthyl-diphoaphonium  in  oily  drops. 

Thfi  Boliition  of  the  hydrate  is  not  altered  by  heating  to  150^,  bat  begins  to  decom* 
poae  at  160^,  and  is  completely  decomposed  at  2&ii^^  the  ultimate  products  of  the 
aiatiHation  being  tnethylphosphine,  oxide  of  trieLhylpho«phine,  ethylene-gas  and 
water : 

(C«H*nC"H>)'P*H»0*     =     (C»H*)T  +   (C»H*)*PO  +  CW  +   H»0, 

At  intermediate  products  are  obtained  the  hydrate  of  tetrethylphoKphonium  and 
ffobably  also  hydrate  of  oxethyl-trieth^lphospliopiiim. 

The  solution  of  the  hydrate  reacts  with  meUilUc  siilts  in  the  same  manner  as  hydrate 
of  potansiuni,  extvpting  that  the  precipitate  of  Kinc-hydrmte  formed  by  it  iu  emc-solu- 
tfonjf  is  insoluble  in  excess  of  the  precipitant,  and  that  the  precipitates  formed  in  a<:id 
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■olutioni  of  anUmonious  chloride  and  Btcmnou9  chloride  are  double  Mlts  < 
interbiced  needles.  The  hydrate  separates  ttmmonia,  aniUne, 
many  other  amines  and  phosphines  from  their  salts.  It  has  bo  action  ^K>n  j 
but  dissolves  aulphur,  forming  a  yellow  liquid  which  when  treated  with  ados,  ^Tes  off 
Bulphydric  acid  and  yields  a  precipitate  of  sulphur,  and  precipitates  lead  from  its  salts 
as  sulphide.  It  dissolves  iodine  with  facility  ;  and  on  mixing  the  colourless  aoLvtiaa 
which  contains  the  iodide  and  iodate  of  the  diphosphonium,  with  stiong  hydroehkrio 
acid,  it  solidifies,  after  transient  dark  coloration  and  turbidity,  to  a  lemon-yellow  crys- 
talline mass  which  crystallises  fi!om  alcohol  in  fine  needles,  and  is  probably  a  compoimd 
of  the  diphosphonium-iodide  with  chlonde  of  iodine. 

lodate, — Very  deliquescent  syrup  which  solidifies  very  slowly  to  a  crystalline  mam. 

Iodide,  (C*H*nC*H*)*F^^— When  the  mother-liquors  obtained  in  the  preparation 
of  bromide  of  bromethyl>triethylphosphonium  (p.  618),  are  treated  with  silver-ozide, 
and  the  filtrate  is  saturated  with  hydnodic  acid,  a  solution  is  formed  containing  iodide 
of  ethylene-hexethyl-diphosphonium,  and  iodide  of  ozethyl-triethylpho^honium,  i^ieh 
are  easily  sepamted  by  cirstallisation,  as  the  latter  is  very  soluble  in  cold  watev  and 
alcohol,  and  remains  wholly  in  the  moth«>liquors  after  the  second  recnrstaUisation. 

The  dipbosphonium-iodide  crystallises  in  white  trimetric  needles,  elongated  in  the 
direction  of  the  brachydiagonal,  and  consisting  of  oombinationsof  the  filces  ooP,  ^oo ,  with 
others  which  cannot  oe  exactly  determined  on  account  of  cunrature.  Ang^e  odF  :  ooP  » 
69^  24' ;  1*00  :  f  oo  over  the  principal  aids  —  89^  42'.  The  crystals  deave  perfectly 
parallel  to  ooP  and  l^oo ,  and  naye a  vitreous  lustre  on  the  &ces  ooP,  nacreous  on  Poo. 
xhe  smaller  crystals  are  tranroarent,  the  larger  ones  milky  and  hollow.  The  talk 
molts  without  decomposition  at  231^,  and  decom{K>6es  at  higher  tempetatures^  with  for' 
mation  of  a  brown  substance  not  further  examined.  Heated  widi  eaustio  bax;vta  it 
gives  ofTtriethylphosphine.  100  pts.  water  dissolve  458*3  pts.  of  it  at  100°,  and  onlv 
3*08  pts.  at  12° ;  it  is  but  sliehtly  soluble  in  alcohol,  andinsoluble  in  ether.  Potasn 
precipitates  it  in  the  crystaUine  state,  even  from  dilute  solutions.  It  forms  double 
compounds  with  various  metallic  salts. 

lodosincate,  (C*H<)''(C*H*)'P>I'.2^1*.~Formed  on  mixing  the  aqueous  solutions 
of  the  component  salts,  as  a  crystalline  precipitate  which  separates  fh>m  hot  water  ia 
long  needles. 

Nitrate, — Lamine  permanent  in  the  air,  very  soluble  in  water,  less  soluble 
in  alcohol,  and  precipitated  firom  alcoholic  solution  by  ether  as  an  oiL  Forms  with 
mercuric  chloriae  a  precipitate  which  crystallises  in  needles. 

Oxalate, — Slightly  crystalline. 

Perehlorate,  (C«H<nC«H»)«P*.a*0».— Beautiful  needles  often  an  mdilong;  m^ 
be  dried  at  100^  without  aecomposition,  but  detonates  with  a  higher  tempetatore. 

Phosphate. — Obtained  by  boiling  the  iodide  with  excess  of  silver-phos^iste. 
Slightly  crystalline. 

Ptcra^tf.— Separates  on  adding  ^ncric  acid  to  a  moderately  strong  solution  of  the 
hydrate,  as  a  yellow  crystalline  precipitate  which  separates  from  the  boiling  alkaline 
solution  in  long  needles. 

Sulphat 0.— Kadio-crystalline,  very  deliquescent. 

Sulphooyanate. —  The  aqueous  solution  produced  by  boiling  the  iodide  with 
recently  precipitated  sulphocyanate  of  silver,  dries  up  over  the  water-bath  to  a  crvs- 
taUine  mass,  soluble  in  water  and  in  alcohol,  but  precipitated  from  the  alcoholic  solu- 
tion by  ethw. 

Sulphydrate, — The  solution  of  the  hydrate  saturated  with  sulphydric  add  leaves 
a  gummy  mass  when  evi^rated  in  vacuo  over  oil  of  vitrioL  If  evaporated  over  the 
water-bath  with  access  of  air,  it  leaves  the  crystalline  sulphate. 

Tartrate ^Extremely  soluble;  difficult  to  crystallise. 

Appendix  to  the  Compounds  of  Ethylene-hexethyl^tphosphowhtm, 

Paradiphosphonium  compounds. — When  the  aqueous  solution  of  hjxlrate  of 
ethvlene-diethyl-diphosphonium  is  evaporated  in  a  retort  filled  with  hydrogen,  it  besins 
to  aeoompose  as  above  mentioned  at  160° ;  and  if  the  dry  distillation  be  interrupted  as 
soon  as  the  heat  has  risen  to  about  190°,  the  alkaline  residue  then  remaining  yields 
with  hydrochloric  acid  and  a  small  quantity  of  platinic  chloride,  no  longer  the  pale 
yellow  crystalline  precipitate  of  chloroplatinate  of  ethylene-hexethyl-diphosphonium, 
perfectly  insoluble  in  water  and  in  dilute  hydrochloric  acid,  but  an  amorphous  dirty 
yellow  salt,  easily  soluble  in  hydrochloric  acid.  If  the  dingy  precipitate  produced  by 
the  first  dit>pe  of  the  platinnm-solutioQ  be  filtered  ofi^  and  the  filtrate  treated  with  a 
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furtlifrr  quuititjr  oC  thit  pkiitiiitii-SQliition^  the  smorphoiis  pktiniim  tl<>uble  ifiUt  k 

obtuned  quite  pure  imd  of  ii  light  yellow  <i>olour,  Tdo  ejiime  double  sidt  U  produced 
by  itimilur  treaitneot  of  the  hydrnte  of  oxpthyl-rrietbylplK^plioniuni ;  ulso  by  udding 
hydrochloric  acid  uid  pUf  ioic  chloride  to  the  mixture  of  hitherto  usexainined  product« 
Ibrmed  by  prolonged  heftting  d  monobionii&ftted  eihjhue  (bromide  of  Tinyl.  CM 'Br) 
with  tri^ylpho9^iiDe  to  160^ — 18(^.  It  h^i  the  same  peioentiigie  composttion  as  the 
dkloiophitiiiiiie  of  elbyleDf^hexetbyt-dipbodrphioniuiD.  If  the  amorpboua  pifcle  yellow 
pnamUAe  ratpended  id  water  be  decomposed  by  ^phydric  Acio,  And  the  filtrate. 
freM  from  the  e^eetiB  tuf  that  giw,  be  treiited  with^tlrerKudde,  the  result ine  solution  of 
pamethylene-hexjethyl-diphospboQiuni  hydrate  yii-lds^  when  saturated  with  hydriodie 
ncid  And  evaporated^  a  giunmj  mass  which  flowly  becomes  cirstalline,  and  alter 
repeated  cryBtallieation  ia  identical  with  the  iodide  of  ethylene-hextnhyl-diphoBpho* 
nium.  Hence  it  appears  that  the  piinidiphofiphonium  ealti*  slto  gT^idually  recooverted 
into  ordiimry  dipho9pboniuni-8all».     (Hofmann,  Phil.  Tnans.  18110^  p,  63!J.) 

Btlurl^ik^-^Hctliyl-'trtmeflijl-dtptioaplioiitiiLm.  The  hromtdt  of  thin  radicle, 
(CH*)"(C*H*)*(CH*)'F'*Br»,i«  produced,  with  violent  action,  by  treating  the  bromide  of 
bromethyl-iriethylphospboniuin  with  tri methyl phoiph inc.  It  ia  tnori'  iioluble  than  the 
bromide  of  the  hexelhylal#Hi  baae,  which  it  resembles  in  other  re»pect».  When  digp^ted 
with  moist  silver-oxide  it  yields  an  extremely  caustic  hydrate,  which  forms  with  hydro- 
chloric acid  and  platinic  chloride  a  pale  yellow  scaly  ekhroplatinuiti  containing 
(C'H*ftC«H*)^CH-/FCl».PtCl». 

actayl^ne-liasmetliyl-illptiospliimliim.  The  bromide,  (CH*nCH')'P'Br*,  ia 
produced  by  treating  bromide  of  ethylene  at  100°  with  excess  of  truDethjlphosphine. 
It  is  etxtremelj  deliquescent^  but  may  be  obtained  with  some  dilBculty  in  wdl-derekped 
monoclinic  cryiitAla  hjiTing  the  axes  a  :  b;  c  ^  1-0544A  :  1  :  l'126A,  the  angle  of  the 
uxcft  Kc  »  37*  49*,  and  exhibiting  the  fac«i  oP,  <»P,  [poo  ],  Angle  *P :  «P 
(orthod.)  -  83<^  13';  oF :   »P  *  121°  38';  +P«5  t  «P  »  99^  8', 

The  cJlforojB/<T/ma/e,(C"H*f(t'H')'P*CP,PtCr*,  obtained  in  the  ii^ual  way,  is  a  yellow, 
appftpt-ntly  amorphous  precipiuto  which  cryhtalliAes  from  U^iling  hydrochloric  acid  in 
gt  >Id  en  -ye  I  low  laminv. 

The  iodidt,  (C*H*)''(CH*f  P*!*.  obtained  by  saturating  Uie  hydrate  with  hydriodie 
acid^  forma  beautiful  sparingly  soluble  neixlles. 


Ill,    Phospua  MMOKIUHa. 


Xtti7lon«-tH«tb7tpliosplia 


aotiittm.    C*H'*NP 


The  hra- 


wddt  of  thiK  diatomic  baae  \»  obtained  by  digeattng  an  alcoholic  solution  of  bromide  of 
bromethyl-triethylpho^bontum  with  ammonia  for  half  an  hour  in  a  scaled  tube  at  100^. 
On  leaving  the  alcohol  to  evaporate,  tJie  phosphammoiunm-bromide  rcmtiiui  slightly 
contaminated  with  bromide  of  ammonium  : 

(C'H'BrXCH^fPBr     +     NH>       «       (C*H*)lCTI»)*H'PK3r*. 
The  ptiTO  «h  is  best  obtain *h1  by  saturating  the  hydrate  with   bydrobromie  add.     It 
cryitnUiaeB  pretty  well,  but  is  very  delionescent. 

The  chioride  and  iodidf  rt  semble  the  bromide. — The  perchlvratt  is  sparingly  soluble 
and  crvstallises  readily.  _ 

The  chioroattratt,  (C'H*)"(CTl')*HTNCll2AnCl»,  is  a  golden-yellow  precipitate  een- 
sisting  of  slender  needles^  sparingly  soluble  in  water. 

The  chioroplaiinatr,  (C»H*j'tC»H*)"H»NPCl«.PtCP,  is  obtained  as  a  pale  yellow, 
Blightly  crystalline  precipitate,  which  dissolves  sparingly  in  boiling  water,  snd  cryi- 
taUisea  from  hot  concentrated  hydrochloric  acid  in  irall^derelopcd  tri metric  prisms, 
exhibiting  the  faces  Qcf^go,get«,  odP,  I>ao .  Angle  «jP  :  ooP  —  119^40*;  f*  ; 
o^l^od    A  160^  38^.     Hardness  somewhat  greater  than  that  of  gypsum. 

The  hydrate,  (*^'^*)  <^^^*)'^'^to',  obuined  by  ^^ting  the  bromide  with  sil- 

Ter-oxide,  may  be  concentnited  without  chan^  at  the  heat  of  the  water-bath,  and 
finally  separated  by  potash  in  oily  drops.  When  more  strongly  heuted  it  gives  off 
ammonia  and  leaves  hydrate  of  vinyl- 1  riot  hylphosph  ammonium: 

(C^H^j^^C^Pj'H^NPJB^'     .     (CTP)(C'H»fPHO   -i-   KH*  +   H«0. 

BtXiylone^e^retHrlplioaptiaminoiiliuii.  (C*H*r(C^H»)*lPNP.— The  fjrmmds 
h  obtiiincd  by  the  combination  of  ethyUmine  with  bromide  of  bromethyl-triethylphoi* 
phunium  (p,  608), — The  hydrate  may  be  separated  from  its  solution  in  oily  drops  by 
concentration  oT(*r  the  water-bath.     It  yields  salts  by  saturation  with  acids. 

The  i^tdr,  {C'li*f\C*myH^P.l\  forms  whit«  needles,  eaaUy  soluble  in  water  and 
in  aqueous  alcohol,  spnrmgly  soluble  in  absolute  alcoholi  insoluble  in  ether.    Potaah 
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precipitates  it  from  its  aqueous  solution  without  decomposition,  as  an  oil   which 
gradually  solidifies. 

The  chloroaurate,  (C*H<r(C*H»)^H«NPCl«.2Aua»,  forms  golden-yellow,  sparingly 
soluble  needles.— The  chloroplaiinate,  (C«H*r(C«H»)*H»NPa«  PtCl*,  etystidliM  in 
orange-yellow,  trigonal-tabuliur  or  sphenoidal  monodinic  eombinations,  ooPoo  .  6P,  asP . 
[  ooPoo  ],  usually  hemimorphously  developed,  sometimes  on  one,  sometimes  on  the  other 
side  of  the  orthodiagonal.  Axide  ooP  :  oP  »  93^  8* ;  ooP  :  ooP  in  the  orthodiagonal 
principal  section  «»  89^  60';  p*ao  ]  :  [Poo  ]  in  the  clinodiagonal  principal  section  » 
90<>  29';  oP  :  ooPoo  -  860  62'. 

Btliyl«n«-p«ntetlijl-9bospluumiiaBliiiii.  (C^*)'(CH>)*HNP.— The  hrondtU 
is  formed  by  the  action  of  diethylamine  on  bromide  of  bromethyl-triethylphosphoninm. 
—The  chloroplatinate,  (C«H')"(C«H»)»HNPa«.PtCl*,  crystallises  in  rectangular  plates. 

BOiylene-trieiliyl-iBOtliylpliospluunmoiiiiuii.  The  bronUds  is  formed  by 
digesting  metbylamine  with  bromide  of  bromethyl-triethylphosphonium. — The  pUtUnum' 
»(dt,  (C?H*)"(C«H»)«(CH»)H«NPa«.PtCl*,  oystaUises  in  long  needles,  reiy  spi^igly 
soluble. 

Bttaytone-trtotli^l-^tiimethjtpbospliaiiimaBiiuii.  The  bromide  isproduoed 
by  the  union  of  trimc^hylaminewith  bromide  of  bromethyl-triethylphosphoninm. — ^Ths 
ftatinum-Mlt,  (C*H<XC?»H»)"(CH")^PCl«.PtCl*,  crystallises  in  beautiful  needles. 

IV.  PHOSPHA.B80XIUM8. 

The  only  salts  of  this  group  yet  discovered  are  those  of— 

■tlijleiie-liAZMliylpl&MpluunMiBliini.  The  br&mide,  (C*H«f(C*H*)'PABBr*,  is 
produced  by  digesting  bromide  of  bromethyl-triethylphosphonium  with  triethylarsine 
m  a  sealed  tube.  When  digested  in  the  cold  with  moist  oxido  of  silver,  it  is  converted 
into  thfl  hydrate,  (C*H*)"(CH»WAs.H*0*,  the  solution  of  which  is  resolved  by  boiling 
into  hydrate  of  oxethyl-triethylphosphonium  and  triethylarsine : 

(0«H*nC«H»)«PA8HK)«       «       (C'H»OXC*H*)«PHO     +     C«H»)«As. 

The  hydrate  saturated  with  hydrobromic  or  hydriodic  acid  yields  the  bromide  or 
iodide  in  fine  needles. 

The  chloroplatinate,  (C«H<)"(C«H»)^AsCl«.PtCl*,  is  obtained  by  adding  platinic 
chloride  to  the  aqueous  solution  of  the  phospharsonium-chloride,  as  a  pale  yellow  pre- 
cipitate which  is  nearly  insoluble  in  water,  and  cnrstallises  from  boiling  hydrochloric 
iMsid  in  orange-red  tndinic  prisms,  o»Poo  .  odPoo  .  oP  J^<io  .  2P,oo  .  P*.  Angle 
ooPoo  :  ooPoo  -  980  8';  odJoo  :  oP  -  9lo  46*;  F  :  odPoo  =  116°  66*;  2f  oo  : 
(»f  00  «  146^  36' ;  P'oe  :  odPoo  ^  126^  67'.  The  crystals  deave  paralld  to  ao>oo 
and  oP. 

V.  Tbiphobphomiuk-compounds. 

When  triethylphosphine  is  gradually  mixed  with  crystals  of  iodoform  as  Ions  as  any 
rise  ^  temperature  is  thereby  produced,  a  light  yellow  visdd  mass  is  formed,  Uie  solu- 
tion of  which  in  boiling  alcohol  deposits  crystals  of  iodide  of  formyl-ennethyltri- 
|>ho8phonium,  (CH )'"(CH*)*P*I'.  This  salt  dissolves  easily  in  water  and  spaiin^y 
m  alconol,  but  is  insoluble  in  ether.  Iodide  of  zinc  added  to  the  aqueous  solution 
throws  down  a  white  double  salt  containing  2(C*HnC«H»)»P^«.3Zn"P.  TttraeAloride 
of  platinum  forms  a  light  yellow  predpitate  of  a  plaitinum-salt,  2(CH)'*(C*H*yP^CP. 
3PtCl^  which  crvstalliBes  from  boiling  alcohol  in  rectangular  laminse.  The  iodide 
treated  wiUi  oxide  of  silver  does  not  yidd  the  corresponding  hydrate,  but  undergoes 
decomposition,  forming  hydrate  of  methyl-triethylphosphonium  and  oxide  of  triethyl* 
phosphine : 

(CH)'"(C»H*)*P^«   +   3AgH0     =     3AgI  +   (CH»XC«H»)«PHO   +   2(C»H»)«P0. 

Triethylphosphine  treated  with  chloroform  or  with  tetrachloride  of  carbon  yields  the 
chloride  of  formyl-ennethyl-triphosphonium.  (Hofmann,  Proc  Boy.  Soc  x.  189 ;  zL 
290.) 
VBOTOCKJUflJUiTKT.    See  Light,  Chemical  Action  op  (iii.  678). 

VBOTOCUnr.  A  U^im  applied  to  the  light  hydrocarbon  oiUi  obtained  by  distilling 
coal,  shale,  peat,  &c.,  at  low  temperatures,  and  used  for  burning  in  lamps.  (See  Pabap- 
jrar,  pp.  344-349.) 

FKOTOfMUiVBT.  The  history  of  the  art  of  producing  sun-pictures,  and  a  sketch 
of  the  sevoml  methods,  have  already  been  given  in  the  aitide  on  the  Chemical  Action 
of  Light  (iii  692).  The  prssent  artide  contains  a  more  detailed  account  of  some  of 
Ihe  processes  now  in  use. 
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A.  PtocustM  in  which  Silvfr-taliM  are  u§ed^ 

L  Wet  CoUodkm  PtoeeM. 

L  Th«  photographic  collodion  is  prpparAd  bjr  diam>lving  5  f^rmn.  of  ^n-eotlon  or 
pyroij^Iin,  carefUilj  wiuihexl  and  oeatr&l  to  t«it-pfiper,  ijn  a  mixture  of  20O  cub.  cenL 
of  ilcobol  of  40  per  ceoL,  and  ftOO**  cub.  cent  ether  of  62  p^r  ceot ;  and  to  thia  aolo- 
tioQ  ii  added  a  miztnre  of  45  gnus,  of  cadmium -iodide  with  a  little  afQinomiitii'iodide, 
and  1'25  grm.  cadmiam-bromide  with  a  trace  of  aDiinoiiium-bfomid«,  all  finely  ptd* 
?eriaed. 

2.  To  prepare  lb©  sensitira  eiirfaci>,  a  plata  of  glass  free  from  flaws,  thorotighly 
daaosed  ij  washing  with  water,  nitric  acid,  alcohol,  &c.,  and  qaitf?  free  from  dual,  is 
corerod  with  tha  prepared  collodion,  and  plunged  wet  at  one  dip  in  a  loltition  of  eilvor- 
nttnate  oontatnin^  8  pts.  of  the  salt  in  100  pts.  of  water.  The  congtilatcd  coUodioa 
then  impisons  wrthin  ^  pores  the  Iodide  and  bromide  of  ^ilTcr  resulting  from  the 
chMitioal  reaction,  and  thus  forms  a  continuous  sentitiTe  film.  The  plate  ijt  then 
exposed  to  the  action  of  li|L;htm  the  C2iiTif'r3i  for  an  intti^rval  varying  &om  3il  seconds  to 
6  iniotites  according  to  the  intf^u^ity  of  tho  light* 

3.  Drvdopemeni  of  the  Picture, — The  expoeare  of  the  plate  in  tho  manner  jutit  men- 
tioned does  not  produce  any  Tisible  image ;  but  the  iodide  and  bromide  of  silTer  in  thi» 
film  hare  under^^ne  a  certain  change,  their  atoms  hariiij^  apparently  acquired  a  certain 
degree  of  mobility,  in  consequence  of  which,  when  submjttfHd  to  the  action  of  reducing 
agents,  such  as  ferrous  sulphate  or  pyrogalltc  acid,  they  suffer  decom[io«iitiot]i,  the  silver 
Wing  reduced  to  the  metallic  state  and  forming  an  opaque  metallic  filra  on  those  paKs 
of  th«  surface  which  have  been  exposed  to  the  light  To  effect  this  reduction,  the  sen- 
sttire  plate,  immediately  after  its  removal  from  the  camera,  is  wuahed  with  one  of  the 
two  following  solutions : 

Saturated  solution  of  ferrous  sulphate  .         .  .  100  c  c. 

Filtered  water  .        ,         .        .  .  .  700  ,, 

Glacial  acetic  acid     .         .  .  .     20  ,, 

Alcohol  of  36°  ...         .  .  ,     20  „ 


Or: 


Water 
Acetic  add 
Pyrogallie  add  . 


250  „ 
20  „ 
I  grm. 


4.  8tr0f^htnififf  {Senforptgr).  This  necessary  but  very  delicate  operation  consists 
in  washing  the  plate  with  a  6oluti«>u  of  2  grms.  nitrate  ol  silver,  100  c,  c,  distilletj  wat4<r 
nod  6  c.  c.  alcohol, — then  with  one  of  the  developing  solutions  above  mentioned, 
then  again  with  the  strengthening  liquid^  and  so  on,  till  the  picture  bis  aeqnii^  tba 
pmptT  di^greo  of  intensity.  Or  instead  of  subjecting  the  plate  to  these  alteamate 
washings,  it  muy  be  immersed  in  a  mixture  of  the  developing  and  strengthening  solu- 
tions made  just  before  it  is  wanted  for  nseu  The  plate  is  men  carefully  wash^  with 
pure  water. 

6.  Fixing — To  remove  the  undwompo^rd  porlionf  of  ioilide  and  bromide  of  silver, 
and  thus  protect  the  picture  from  the  further  action  of  lights  the  plate  is  immenied  either 
in  a  solution  o{  cyanide  of  poias^um  containing  2  per  cent,  of  the  salt^  or  in  a  solution 
of  ky^ulphiie  of  todium  containing  25  per  cent.,  then  watahod  carefully  with  a  large 
quantitv  of  water. 

The  last  operatioD  consists  in  varnishing  the  picture,  the  plate  having  been  pre- 
viously heat^  so  that  tho  varnish  may  spread  over  it  unifonnly. 

The  picture  obtained  by  thi«  process  is,  as  already  obser^-ed  (iiL  693),  a  negative 
picture,  the  parts  most  strongly  acted  upon — which  of  course  correnpond  with  the 
brightest  parts  of  the  object— being  the  darkest.  To  obtain  pos  i  ti  ve  pictuiea.  a  sheet 
of  while  paper  of  good  quality  is  covered  on  one  surface  with  a  layer  of  iilbumio  mixed 
with  a  eonvenieiit  quantity  of  tiaUammoniac  It  is  then  rendered  sensitive  by  laying 
it  for  a  while  on  a  malution  of  nitrate  of  silver  of  the  strength  of  15  per  cent.,  taking 
care  to  avoid  the  presence  of  air-bubble*  between  the  pMjM^r  and  the  surface  of  th*J  liquiii 
The  albumin  thus  becomos  impregnated  with  ciiloride  of  «iker.  The  paper  thus  pre- 
pared is  placed  when  dry  behind  the  negative  picture,  and  exposed  to  light,  whereby 
the  chloride  of  silver  is  reduced  on  those  parts  which  are  behind  the  transparr-nt  parts 
of  the  negative,  while  those  portions  of  the  surface  which  are  behind  the  opaque  parts 
of  the  negative  remain  mnalttred. 

The  stlTer  thus  reduced  has,  however,  an  unpleasant  red  colour,  and  to  obtain  a 
darker  and  more  agreetible  tint,  the  picture  is  steeped  in  a  go  Id- bath  eomptjsfd  of 
1000  grms.  distilled  water,  30  grms.  neutral  acetate  of  sodium,  aud  1  grm.  trichluride 
of  gold  mixed  with  chloride  of  potacisium.     As  soon  as  the  dei^ired  tint  has  been 
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obtained,  an  effect  which  is  rapidly  produced  at  the  temperature  of  25®  C,  the  pietnra 
is  to  be  fixed  by  immersing  it  in  a  bath  composed  of  600  grms.  djstilled  water  and 
100  grms.  hyposnlphite  of  sodium,  then  washed  several  times  during  12  honiB  with 
distiSed  water.  These  operations  of  toning  and  fixing  must  be  performed  in  a  room 
from  which  daylight  is  excluded. 

To  ensure  success  in  the  process  abore  described,  attention  must  be  paid  to  certain 
precautions :  1.  The  silver-Dath  used  for  obtaining  the  negative  must  be  alightlj 
acid.  If  it  is  neutral  or  basic,  the  image  will  be  cloudy  and  deficient  in  strength  in 
the  darker  points ;  if  it  is  too  acid,  the  production  of  the  picture  takes  place  slowly.  If 
it  is  either  supersaturated  or  insufficiently  charged  with  iodide  of  silver,  especially  if  the 
fiilm  of  collodion  is  not  very  thick,  the  negative  obtained  will  be  full  of  holes. — 2.  The 
glass  must  be  free  from  defects  and  thoroughly  freed  from  dust,  otherwise  partial  reduction 
ef  the  silver  takes  place  before  the  plate  is  exposed  to  the  action  of  the  developing  solntion. 

The  great  objection  to  photo^r^hs  on  paper  is  their  alterability.  In  connection 
with  this  the  following  fact  is  mteresting.  The  hyposulphite  of  sodium  used  fat 
removing  the  excess  of  silver-chloride  forms  sodio-argentic  hyposulphites,  one  of 
which  being  but  very  slightly  soluble,  remains  in  the  paper  and  gradually  deoompoeee, 
ultimately  destroying  the  picture ;  whereas  the  other,  which  is  formed  when  the  hypo- 
sulphite of  sodium  is  in  large  excess,  is  very  soluble,  so  that  when  the  latter  condition 
is  ^Ifilled,  the  subsequent  washing  removes  nearly  all  if  not  the  whole  of  the  alterable 
substance  remaining  on  the  paper.  Photographs  fixed  within  the  last  few  yean 
with  due  attention  to  this  circumstance  have  remained  unaltered  np  to  the  present  time. 

The  author  of  this  article  proposed  two  years  ago  to  remove  the  hypMulphites  by 
the  use  of  chlorine-water,  free  firom  hydrochloric  acid,  and  added  in  proportion  to  the 
quantity  of  hvposulphite  which  might  remain  in  the  picture :  an  excess  would  ^ts 
rise  to  the  chlorination  of  the  gold  and  silver  in  the  picture.  The  hyposuli^ite  might 
also  be  converted  into  sulphate  by  means  of  a  solution  of  oxygenated  water,  recently 
prepared  with  peroxide  of  barium  and  carbonic  add,  and  tned  from  excess  of  the  latter 
by  means  of  baryta-water. 

Direct  Positivrs  on  Glass. — The  picture  obtained  on  a  sensitive  collodion  plate  by 
very  short  exposure  in  the  camera,  and  very  slight  developement,  may  serve  as  a 
positive  when  placed  upon  a  black  ground.  Under  these  conditions,  the  very  small 
quantity  of  silver  reduced  on  the  lights  of  the  picture  conceals  the  blac^  ground,  and 
appears  white,  whilst  in  the  parts  corresponding  to  the  shadows  of  the  object  no  sQver 
is  reduced,  and  the  black  ground  shows  through.  The  collodion  for  these  pictures  is 
prepared  with  300  c  c.  water,  125  c  c.  alcohd,  and  3  grms.  pyroxylin ;  and  to  this  is 
added  a  mixture  of  175  c.  c.  alcohol,  7  grms.  iodide  of  ammonium,  and  0*7  gnn. 
nitrate  of  silver.  The  plate  is  rendered  sMisitiTe  by  immersion  in  a  batb  of  silver- 
nitrate  containing  5  per  cent  of  the  salt  acidulated  vrith  a  few  drc^  of  nitric  acid ;  and 
after  a  very  short  exposure  in  the  camera,  the  picture  is  developed  with  a  mixture  of 
100  c  c.  saturated  solution  of  ferrous  sulphate,  600  grms.  water,  20  grms.  acetie  acid, 
20  grms.  alcohol,  and  5  grms.  sulphuric  acid,  and  fixed  with  cyanide  of  potaosiniiu 
Lastly  the  back  of  the  glass  plate  is  covered  with  a  mixture  of  oil  of  turpentine, 
Mecca  balsam,  and  lamp-black. 

n.  Dry  CoUodion  Process. 

This  process,  which  difibrs  firom  the  preceding  only  in  the  mode  of  obtaining  the 
negative,  has  the  advantage  of  enabline;  the  operator  to  prepare  beforehand  a  large 
supply  of  sensitive  plates,  and  thus  to  take  a  considerable  number  of  pictures  on  the 
same  day,  a  convenience  which  is  especially  valuable  in  landscape  photography. 

The  best  mode  of  proceeding  is  to  cover  the  collodion  plate— rendered  sensiUve  as 
usual  by  immersion  in  a  slightly  acid  silver-bath,  then  washed  several  times  in  dis- 
tilled water — with  a  solution  of  tannin  freed  from  resinous  matter  and  having  a 
strength  of  3  per  cent  The  plates  thus  prepared  are  as  sensitive  after  the  lapee  of 
several  months  as  immediately  after  preparation.  The  picture  is  developedwith 
pyrogallic  acid 

Other  modifications  of  the  dry  collodion  process  areTamponot's  process  with  albu- 
minised  collodion,  and  those  in  which  the  d^  collodion  film  is  covered  with  sugar,  honey, 
metagelatin,  &c. ;  but  none  of  these  are  equal  to  the  tannin  process  just  mentioned, 
which  is  due  to  Major  Russell. 

III.  Albumin  Process  on  Glass. 

This  process,  due  toNiepce  deSt.  Victor,  includes  the  taking  of  both  negatives 
and  positives  on  albuminised  plates.  A  layer  of  albumin  impregnated  with  iodide  of 
potassium  is  rendered  sensitive  in  a  bath  composed  of  100  grms.  water,  10  gnnfi. 
nitrate  of  silver,  and  10  grms.  acetic  acid.    The  picture  is  deydoped  with  gallic  add, 
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5xe(l  with  hjrpoKuIphite  of  ftodiutn*  nnd  brought  la  an  ngfeeAhle  tiut  bj  infajJb  of 
chloride  of  mcwtirj  or  chloride  of  gold. 

B»  Pkctoffraphic  Procetttf*  mikoui  Siitxr-salt*. 

I.  Phofjw^aphy  with  Otrhnn,  FrrroHs  ftilts  t>r  Uranium-sntU, — Of  t1i«M  thre« 
in«tbods»  lb«  ifsi  i»  Ibftt  which  yit^lds  th^  bc^t  retmlt^.  It  depe&dfl  00  th«  actlou  of 
light  on  the  salti  of  chromic  Hcid  and  on  g(  hitin  or  a  similiir  stihitimee. 

A  thMt  of  pnper  impn^nted  with  iheso  mutters  ia  plac«<d  behind  n  RegKtive  and 
e&pOBed  to  li^ht,  wh«r«tb}r  the  iubstanoes  hie  renderod  inftolublo  tn  the  pons  cottm* 
ponding  to  the  transparent  portion  of  the  nefEatiTP,  and  therefore  to  the  dark  parts 
of  the  original  object,  Tht*  partfl  thus  altered  ar»  ttloott  eftp^ble  ot  retaining  por- 
phjriaed  black,  or  coloured  powd«r»,  or  lithographic  ink,  BttbseqtiADtlj  applied  to  the 
SQjface  of  the  paper. 

The  prooeases  depending  on  the  use  of  tenauB  and  nranic  aalta  present  no  particular 
interest. 

%.  The  proeeiBga  of  photolithograpbj,  pbotoaincographj,  that  called 
heliographT  diiNSOTered  by  Niepce  in  1S27,  and  photogaUanography  arc 
dMcribed  in  the  article  X^tottt  (iii.  694).  The  k«t-in(^ntioned  proceae,  depi^nding  upon 
thr"  property  poaaeeaed  by  certain  subHtances,  chromatised  gelatin  for  exam  pie, 
of  loeing,  by  msolatioD,  the  power  of  awelling  up  in  water,  or  when  exposed  to  the 
action  of  steam,  waa  invented  by  M.  Poitevin,  and  has  lately  been  much  im|m>vfHl 
by  a  Tf<ry  akilfiil  operator  of  Parist.  M*  Villeneuve,  who  haa  advantagoously 
modified  the  manipulations,  and  replaced  the  gelatin  by  anothf*r  substancet  the  com* 
pottitiun  of  which,  however,  he  keepe  secret.  The  impre8t»iona  obtained  from  the 
plat^  formed  by  his  proccaa  are  extremely  delicate. 

Kor  further  dftaila,  see  PelouseetFrAmy,  Traiti  de  Ckimie,  3m*  ed.iii.  1429-1486. 

A  method  of  meaiiuring  the  rt'latite  Benaitiveness  of  different  photographic  paper*  in 
deaceibed  by  A  McDotigall  in  the  Journal  of  the  Chemical  Society,  toL  xriii.  p.  183. 

AH. 

PSOTOSAITTOX^W.  C>'Hi«0*,  (F.  Sen  tint.  Boll  Soc.  Chim.  1864,  ii.  21; 
1866.  i,  271.) — A  neutral  eobstance.  produced,  together  with  formic  acid,  by  the  action 
of  li^ht  on  aaDtonin.  Thtt  change  takes  place  afowly  under  the  influence  of  difiFiised 
dayliyfht,  more  quickly  on  exposing  santonin^  either  dry  or  in  contact  with  water,  to 
the  action  of  the  direct  solar  rayt ;  l>ut  the  transformation  is  not  complete  even  aOt  r 
three  months*  expoenre.  A  better  mode  of  eflecting  it  is  to  expose  an  alcoholic  solution 
of  santomn,  freed  fh)m  air  by  passing  carbonic  anhydride  through  it  and  th*^t\  sealing 
it  in  a  tube,  to  sunshine  for  about  a  month.  Thi?  liquid  tJien  ai^uires  a  yellow  colour, 
and  when  il  is  inbseqnently  mixed  witJi  about  fifteen  times  ita  rolume  of  water,  the 
|>lnjtu»antonin  separates  in  oily  dropfl,  which,  in  the  course  of  a  day  or  two,  crystaUiae 
in  white  laminflL* :  it  may  be  purified  by  two  or  three  crystallisiilions  tYom  alcohol. 
The  laat  portions  which  separate  hare  a  yellow  colour,  arising  from  a  resinous  sub* 
(stance  ;  this  may  be  dissolved  out  by  leanng  the  photosantonin  for  two  days  in  con- 
tact with  cold  potash-ley,  which  also  favours  the  crystallisation  of  the  photosantonin. 

Photosantonio  is  colourless  and  tmnsparent,  destitute  of  odour,  but  has  a  slight  bitter 
taste.  It  crrstalliaefi  in  square  plates,  which  have  no  action  on  poIariNcd  light,  a  cha- 
racter by  which  this  substance  is  easily  diiftingnished  from  santonin.  It  melts  between 
64**  and  65*,  beffins  to  give  off  vapour  at  IfiO"^,  and  boils  at  305*^.  It  is  inM^luble  in 
cold  water,  but  msaolres  io  boiling  iwif<r  sufficiently  to  impart  a  distinctly  bitter  ta^te, 
a/f^ihoi  and  ether  dissolve  it  in  large  quantity,  forming  very  bitter  soUitiouiL 

Photosantonin,  exposed  to  the  aiV  for  nin^  or  ten  months  at  100**,  diminishes  slightly 
in  weight,  and  ia  partly  converted  into  a  yellow  resin  soluble  in  potash.  In  contact 
with  strong  «*ir/c  arid,  it  liquefies,  forming  drops  which  float  on  the  acid.  Strong 
KniphKric  add  colours  it  oRuige-yellow,  and  then  decomposes  it. 

P8TBiLIiyA.MXO    AOZS.     C"H'NO>   «   (C*H'0^)Hn.     (Marignae,  Ann,  Ch. 

H  j^ 
Fharm.  mliu  219. — Laurent,  Rev.  acient  xiii.  601,)— Produced  by  the  actioa  of 
aqueous  ammonia  on  phthalic  anhydride.  Crystallises  in  a  mass  of  fine  flexible 
needles,  forming  an  acid  solution  with  water.  It  gives  off  water  between  100**  and 
120"^,  and  is  converted  into  phtbalimide,  C^*NO*,  which  Buhlimes  at  a  higher  tempe- 
rature. The  aqueuus  solution,  aiter boiling  for  some  time,  yields  phthahit«  of  ammoDitiin 
on  evaporation. 

yktialamaie  of  *ilwr,  C*H*AgNO*,  is  a  white  precipitate,  composed  of  crystalline 
scales  if  formed  with  boiling  solutions.  It  is  quite  insoluble  in  water ;  melts  when 
heated,  and  decomposes  without  explosion^ 
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Phenyl'phtkalamie  acid,  C'*H>'NO»     -     (CH^OyVg.— Obtained  by  bcnliiig 

H  * 
phenyl-phthalimide,  C*^H*NO* ,  with  aqueous  ammonia  containingra  little  alooh<^  The 
liquid,  if  neutradiBed  with  nitric  acid  while  still  hot,  yields,  on  cooling,  a  fine,  irrega- 
larly  laminated  ciystalline  mass  of  phen^l-phthalamic  acid.  The  add  is  very  slightly 
soluble  in  cold  water,  but  dissolves  easily  in  alcohoL  When  fiised  with  potash  at  a 
gentle  heat,  it  gives  off  aniline.  When  saturated  with  ammonia,  it  gives  a  white  precipi- 
tate with  nitrate  of  silver.    (Laurent  and  Gerhardt,  Ann.  C^  Ajb.  [8]  zxiy.  188.) 

WBXHhlLtkMIWMm  CH^O*. — A  base  produced,  together  with  naphthylamine^ 
by  the  action  of  ferrous  acetate  on  nitronaphthalene.  The  two  bases  may  be  separated 
by  treatingthe  crude  product  with  sulphuric  add,  the  sulfate  of  phthaJamine^ 
2C*H'NO''JI%0\2H'0,  beine  more  soluble  than  the  naphthykmine  salt. 

Phthalamine  is  predpitated  from  the  solution  of  its  sulphate  by  ammoni*  in  oHy 
drops,  which  are  heavier  than  water  and  taste  like  naphthylamine :  its  salts  do  not 
redden  so  easily  on  exposure  to  the  air  as  those  of  the  latter.  The  base  heated  to  100^ 
with  iodide  of  ethyl,  solidifies  in  a  few  minutes  to  a  laminar  mass  of  iodide  of 
•thvl-phthalamine,  C*H^Cm*)NO*I(?),  which  when  treated  with  ammonia 
yields  an  oily  base,  altering  on  exposure  to  the  air,  and  volatilising  at  about  800^. 
(Schiitsenberger  and  Willm,  J.  pi*.  Chem.  Ixxir.  76,) 

CTa«0*  -  (^^^*)'|o«     Muraru!  acid,  N(^haalic  add. 

(Laurent^  Ann.  Ch.  Physj2l  IxL  113;  Marignac,  Ann.  Ch.  Pharm.  zlii.  215 ; 
Schunck,  ihid,  Ixvi.  197;  Wolff  and  Strecker,  ihid,  Ixxv.  12,  25 ;  Hugo  Huller, 
£^tolarv  communication.) — An  add  produced  by  the  action  of  nitric  add  on  naph- 
thalene, dichloride  of  naphthalene,  alizarin,  and  purpurin : 

C»H«     +  O*         -      CR*0*     +     (?H«0*. 

Naph-  Fhthalic  Ozalk 

thalen*.  acid.  acid. 

C"HH)«     +  HK)  +  0«     a      C«HH)«     +     C^H«0*. 

AllMrin . 

2C»HH)«    +  HK)  +  0»      -    2CraH>*     +     CBH)*. 

Purpurin. 

It  is  usually  prepared  by  treating  dichloride  of  naphthalene  with  boiling  nitric  add. 
The  dichloride  dissolves  uowly  with  evolution  of  nitrous  vapours,  and  the  solution, 
when  left  to  itself,  deposits  ciystals  of  phthalic  add,  which  may  be  purified  by  re- 
crystallisation  from  boiling  water.  The  mother^Uquor  contains  oxalic  add.  Small 
quantities  of  phthalic  add  are  found  in  the  mother-L'quors  obtained  in  preparing  the 
nitro-derivatives  of  naphthalene. 

Phthalic  add  may  also  be  prepared  by  digesting  muijistin  (a  body  closely  i^latsd 
to  aliaarin  and  purourin,  iii.  1061)  with  modemtely  strong  nitric  add.  The  resulting 
solution  evaporated  over  the  water^bath  leaves  a  white  crystalline  mass,  consisting  of 
phthalic  add  contaminated  only  with  a  little  oxalic  acid.  The  latter  is  easily  removed 
by  washing  the  mass  with  cold  water  and  pressing  between  bibulous  paper,  or  by  neu- 
tralising t£e  mixture  of  the  two  adds  with  lime,  and  then  treating  u  with  boiling 
water,  which  dissolves  the  phthalate  of  caldum.  (Stenhouse^  Ani^,  Qi.  Phazm. 
cxxx.  334.) 

Phthalic  acid  crystallises  in  white  nacreous  laminae  arranged  in  roimded  groups.  It 
is  sparingly  soluble  in  cold  toa^,  but  dissolves  easily  in  alcohol  and  ether,  Bj  distilla- 
tion it  is  converted  into  phthalic  anhrdride ;  this  process  is  recommended  by  Stenhouse 
for  the  purification  of  the  add.  When  distilled  with  excess  of  lime  (or  any  caustic 
alkaU)  it  is  re;»olved  into  benzene  and  a  carbonate  (Marignac,  Schunck) : 
C5»H«0«     +     2Ca''0         -        C^«     +     2CCa''0»; 

but  by  distillation  with  a  smaller  proportion  of  lime,  it  is  converted  into  carbonate  and 
benzoate  of  caldum : 

2C«H«0«     +     SCa^O        =        C»«H"Ca"0<     +     2CCa-0«     +     H»0, 
or 

2C«H*Ca''0*      +     Ca'ia'O'     =         O^WCaTO*     +     2CCJa''0». 
This  latter  reaction  is  used  by  P.  and  R  Depouilly  (BolL  Soo.  Chim.  1864,  i  163) 
for  the  industrial  preparation  of  benzoic  acid  (to  be  employed  in  the  manuiacture  of 
certain  aniline  colours).    The  phthalic  add  required  for  the  purpose  is  obtained  by 
treating  dichloride  of  naphthalene  with  hydrochloric  add  and  chlorate  of  potassium. 

Phtlialates.  Phthalic  add  is  dibadc,  forming  acid  saltsi  CH^MO\  and  neutral 
salts,  C«H*MK)*. 
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The  aetd  ammmium'*«ii,  0*fl*(NH*)Q*»  uaunlly  erystallaies  in  priffins  t«rniitiiit<»d  l>y 
fuur-  or  eight^ded  pynuDidi,  freqneotlr  aIm  in  bexflgofnil  plaU^s.  TbeciyaUdii  U>loiig 
to  the  trimetric  lutein.  Obsetrra  eombitiJUioii  oP  >  F  .  Px  .  Aogle  oP  :  P  »  1 12^^ ; 
P:P  -  l.^3«  60* ;  op  :  f  00  .  127"*;  t*  :  Pw  «  103"^  30*.  Cleavage  easy  parsilkl 
to  oP.  It  in  Tcrjr  soluble  ia  w»t«r,  Bp&ringly  Bolubli*  in  alcohol,  und  is  rwolved  by 
bfiAt  tnio  witter  nod  phtbalimide.  Th^  pota*nttm^  and  4todium*§atU  crysUlliM  io  tery 
soluble  icnW 

The  hariwn'saH  oyvUlUies  in  slightly  soluble  flcaloi,  wbicb  may  be  obtained  by 
pooring  a  stfoog  Aolntion  of  the  ammoniiun-salt  mto  chloride  at  biiHum.  The  cal^um- 
aaltt  obtaiiied  by  disftolTing  calcic  carbonate  in  the  aquecmB  acid,  resembles  the  barium- 
salL    It«  deeompoettion  by  heat  haa  been  already  described. 

The  Imd-tait,  CH'Pb"0\  is  obtained  in  white  scalea  on  mixing  the  boiling  solutions 
of  acetate  of  Jeiid  and  Dhthaiate  of  ammonium. 

The  ttlvrrsatt,  C^H*Ag*0*,  obtained  in  like  manner  by  prcripitatlon  from  boiling 
Bolntions^  is  a  whit&  cryst^ilJine  prrTipitate  wliich  requires  prolonged  washing,  as  it 
obstinately  retAina  nitrate  of  ammoiiium.  It  is  mcniepately  soluble  iu  wat«*r  It  ox* 
plodes  when  quickly  heated,  bot  if  the  heat  be  cautioutdy  applied,  the  salt  bLuckens« 
then  tnelrs  and  deoompoeee. 

The  einoaaU  it  obtained  by  empoiation  as  a  crystalline  powder  nearly  insoluble  in 
cold  water. 

SuUHtwtion-d^tfaHves  of  Phthalie  aeid, 

Phthalic  acid  resists  in  a  remarkable  degree  the  action  of  chlorine,  bromine}  enlphnrie 
anliydnde  and  nitrie  add,  and  it  is  only  with  groat  difficulty  that  sab»titution-oom* 
pourtds  can  be  obtained. 

Ilronioplit&alle  seMU  Bromine  heated  with  phtbalic  acid  in  a  closed  tube,  doea 
not  s*H-ni  tu  act.  upon  it,  but  if  watex  is jpmeni  and  thft  t^^mpt^mture  is  mised  to  about 
17«* ',  broniophthalic  acid  Is  fbrmed.  This  acid  crjatidlisea  ntadily  la  foliated  dystak 
which  are  soluble  in  water,  and  ftublime  when  heated^  aft4^r  fu»ioQ,  without  decomposi- 
tion.    The  iiii?er'Sali  is  a  cryBlaHiDe  precipitate  somewhat  solublti  in  water, 

Bromophthalic  acid  is  remarkably  stable,  and  can  be  boiled  with  water  without 
dK-ompoftitioa.  The  bromine  cannot  be  removed  by  the  action  of  potash  or  of  silveiv 
salts,  in  which  respect,  bromophthalic  add  comports  itself  very  aifierently  fn>m  tho 
analogoaa  componiid  bromosuocinic  acid.   (B  u  g  o  M  ii  1 1  e  r.) 

CHlOFoptotballo  Acrlds.  Chlorine  in  the  free  state,  or  in  the  form  of  antimonie 
chlorMli\  has  no  action  on  phthahc  acid,  the  only  known  chlorinated  deriratiirea  of 
this  acid  being  thoee  which  are  obtained  Indirectly  by  the  action  of  nitrie  add  on  thu 
chloronaphthdenesi, 

DicMnrophihatie  aeidf  C"H*Ct*0*,  was  onoa  obtained  (together  with  another 
iw?i«!.  probably  di-  or  tri-cbloronaptbalic  acid)  in  the  preparation  of  chlorozynaphthallo 
(chloiv>naphthalic)  acid  (p^  14).  On  saturating  the  boiling  alcoholic  solution  with 
potash,  the  potaaviuro-salt  separated  in  silrciy  lamiupt,  having  when  dried  at  100°,  the 
ooraposition  (?HM31«K*0V    (Wolff  and  Strecker,  Ann.  CL  Pharm.  Ixxv.  16,) 

Trichloro^kthalic  acid,  C*H'CPO', — When  heicbloro naphthalene  is  boil td  for 
several  dayi  with  nitric  add  and  the  product  is  mixed  with  water,  a  resinous  mass 
sc^parates  out,  and  the  solution  yields  on  STaporation,  a  CT^stiUline  magma  of  trichloro* 
phtliallc  acid,  which  aftempeated  pressure  between  blotting  paper  and  recrystallisa^ 
tion  from  boiling  water,  is  obtained  in  cr^stalliQe  grains.  It  is  very  soluble  in  wnter^ 
alcohol  and  ether.  When  heafed,  it  is  resolred  into  water  and  triehlorophthalio 
anhydride,  C'HCI'O*.  The  ammonium-salt  forms  a  white  predpitate  with- salts  of 
siUtT*    (Lauren L) 

iritroplitli&lle  add,  C"H*NO»  «  OH*(N0*)0*.— This  acid  i^  bc»t  prepared  by 
the  prulonjied  af'iion  uf  nitric  acid  upon  naphthalene.  It  is  contained  in  th«  mother- 
liquors  from  which  tlie  uitrtjnapbtbalenes  (p.  15)  have  been  deposited,  and  may  be 
iii4'purdt4?d  therefrom  by  evaporating  the  liquid  to  a  «yrnp,  dissomng  the  residue  in 
water,  filtering,  and  again  evuporatmg.  The  hyft  mother^liquors  also  contain  phthalie 
acid  (Laurent^  Marignac), — Nitrophthalic  acid  is  also  formed,  together  with  other 
prmluctft»  when  pbthaJic  acid  is  treatM  with  pure  nitric  add,  or  with  a  mixture  of 
nitnc  and  Hul^rhnric  acids.    (Hugo  Miiller.) 

Nitrophthalie  acid  ciyBtalliaea  in  yellow  plates,  derired  fh>m  a  monocltnie  prifm>  but 
ordiisarily  rendered  hexagonal  by  the  trunc4ition  of  the  acute  angles  of  the  rliombus. 
An^lo  oP  :  ooP  -  liH^ ;  t»P:  <»P  =  about  125°;  oP :  otp^^  =^  l*ijo  ^^st  of 
thr*  rrjBtals  are  hcmitropic.  The  acid  is  moderately  soluble  in  bcji ling  water,  sparinglT 
sohiblo  in  cold  water,  eaaily  in  alcohol  imd  ethee»    When  slightly  h^ted  in  a  tube  it 
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yields  a  sublimate  of  nitropbthalic  anhydride,  together  with  water;  when  saddenlj 
heated,  it  clears  and  gives  off  nitrous  vapours. 

Nitropbthalic  acid  is  dibasic,  forming  acid  and  neutral  salts. 

The  acid  ammonium-aalt,  C»H'(NH*XN0«)0'.2H^0,  is  deposited  on  ponrii^  ft 
small  quantity  of  nitric  acid  into  the  solution  of  the  neutral  salt,  sometimes  in  prisms 
with  pyramidal  summits,  but  more  oft«n  in  hexagonal  &nd  rhomboi'dal  plates.  It  does 
not  give  off  any  water  at  120°,  but  when  heated  till  it  begins  to  melt,  it  giTes  off 
water  and  is  converted  into  nitrophthalimide  (p.  632). 

Neutral  ammonium-salt,  C"H*(NH*)*(NO*)0*. — When  an  ammoniaoal  solation  of 
nitropbthalic  acid  is  left  to  evaporate,  it  deposits  chiefly  shining  lamin»  of  the  scid 
salt ;  but  among  these  are  sometimes  found  thicker  but  smaller  crystals  of  the  nentral 
salt,  which  may  be  picked  out  with  a  pair  of  forceps.  This  salt  crystallises  in  monoclinie 
prisms  usually  having  their  obtuse  edges  truncated.  Angle  oP  :  ooP  «*  103^; 
ooP  :  ooP  -  about  127°. 

The  solution  of  the  neutral  ammonium-salt  forms  with  solution  of  barinm-ehlaiide^ 
even  when  very  dilute  and  boiling,  a  white  crystalline  precipitate;  with  the  chlorideeof 
strontium  and  calcium,  white  precipitates,  not  however  from  dilute  solutions ;  with  mer- 
curous  nitrate,  nitrate  of  silver  and  nitrate  of  lead,  white  predpitates.  It  does  not 
precipitate  sulphate  of  magnesium,  ferrous  sulphate  or  cupric  sulpnate. 

The  hariumsaU,  C*H"Ba"(NO')0*,  is  a  light  yellowish-white  powder,  .anhydions 
after  drying  at  130°.  It  is  quite  insoluble  even  in  excess  of  boiling  nitrophthalie 
acid. 

The  neutral  Itadsalt  has  not  been  obtained.  On  pouring  acetate  of  lead  into  a  solo- 
iion  of  the  ammonium-salt,  a  flocculent  precipitate  is  formed  which  changes  on  boiling 
to  a  yellowish  powder,  insoluble  in  water,  and  consisting  of  a  bane  salL 
e»H«Pb"(NO»)0*.Pb"0. 

The  silver-salt,  C'H*Ag'(N0'*J0*,  is  a  white  precipitate,  insoluble  in  water,  and 
decomposing  quickly,  with  emission  of  lights  when  strongly  heated. 

Dinitrophthalic  acid,  C»H*(NOYO*.— When  phthalic  acid  is  treated  with  pure 
nitric  acid,  or  with  a  mixture  of  nitnc  and  sulphuric  acids,  a  variable  quantity  of 
nitropbthalic  acid  is  obtained,  whilst  some  of  the  phthalic  acid  remains  unaltered,  and 
another  portion  is  converted  into  a  mixture  of  several  new  acids,  one  of  which  is 
the  dinitrophthalic  acid.  This  latter  add,  together  with  the  other  new  adds,  is  also 
obtained  by  the  prolonged  action  of  nitric  acid  on  naphthalene  and  the  chlorinated 
naphthalene.     (HugoMiiller,  2^itschr.  Ch.  Phamu  1 863, p.  267.) 

AmldoplitliaUe  add,  C*H*(NH*)0^— This  substance  is  prepared  by  the  action 
of  sulphydrate  of  ammonium  on  nitropbthalic  add,  or  more  readily  by  the  a(^on  of 
metallic  iron  and  acetic  add  on  the  latter  add.  On  bringing  in  contact  a  concentrated 
solution  of  nitropbthalic  acid  with  iron  and  acetic  add,  reaction  soon  sets  in  with 
elevation  of  temperature.  The  mass  is  to  be  kept  for  some  time  in  a  warm  place,  and 
after  all  action  has  ceased,  the  brown  powder  formed  is  separated  as  completely  as 
possible  from  the  metallic  iron,  and  exposed  for  some  time  in  a  moist  state  to  the  action 
of  air,  in  order  to  prevent  ferrous  oxide  from  entering  into  solution  on  the  subsequent 
treatment  with  caustic  ammonia.  The  resulting  product  is  exhausted  with  wann 
ammonia,  and  the  filtered  solution  is  evaporated  and  exposed  for  some  time  to  the  heat 
of  the  water-bath.  The  amidophthalic  acid  cannot  be  predpitated  from  its  ammoniacal 
solution  by  the  addition  of  an  acid ;  it  is  best  to  expel  the  ammonia  by  heat  On 
treating  the  remaining  mass  with  water,  part  dissolves,  which  is  to  be  again  evaporated 
and  exposed  to  heat.  The  insoluble  dirty-yellow  residue  consists  of  impure  amido- 
phthalic add,  which  is  best  dissolved  in  water  or  alcohol,  and  then  treated  with  animal 
charcoal.  On  cooling,  the  amidophthalic  acid  crystallises  out  in  the  form  of  lemon- 
yellow  fibrous  crystals  having  a  silky  lustre. 

Amidophthalic  acid  is  very  little  soluble  in  water  or  alcohol  at  ordinary  tempera- 
tures, but  more  so  at  an  elevated  temperature,  forming  greenish-yellow  soluticHis  which 
exhibit  a  most  remarkable  green  fluorescence  very  much  like  that  of  nraninm-saltiw 
(See  Amtdoterephthalic  Acid  under  Tebrphthauc  Acn>. ) 

Amidophthalic  add  combines  with  adds  and  with  alkalis.  The  hydit)chloric  add 
compound  forms  colourless  foliated  crystals  which  in  contact  with  water  or  moist  air 
become  yellow  by  losing  their  acid.  The  compound  with  sulphuric  add  resembles 
the  former. 

On  boiling  for  some  time  a  solution  of  amidophthahc  add  with  h^fdroehloric  or  ««/- 
phuric  acid,  a  new  acid  is  formed,  which  is  colourless,  crystallises  well,  possesses  a 
sweet  taste  and  is  readily  soluble  in  water  and  alcohol.  This  new  add  ap^ars  to  be 
isomeric  with  the  yellow  amidophthalic  acid.  On  treating  nitropht&ilic  add  with  zinc 
or  tin  and  hydrochloric  acid,  no  yellow  amidophthalic  acid  is  obtained,  apparently 
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■■'A  present  converts  it,  09  icon  lu  it  ui  foriiird,  into  tlu<  soluble 


An       ^  v^  «  p^t^uliar  disport m nut  to  caustic  nlbilis.     Cmistic  potash 

dbiolTW  the  mcid  with  tiidU»y  to  a  pale  velloMr  liquid  which  00  eTaporation  vieldji  a 
oryttAliitia  miuas  Tery  Boluble  in  water.  Addition  of  nn  iu?id  to  this  solution  however 
dot*  not  precipitate  the  amidophtholic  wdd^  aa  might  be  ricpected  from  its  degrt«  of 
■olobilitj,  but  it  will  do  ao  00  mixing  with  ial-ammoniac  and  fmponitiDg  to  dryneas. 
'^Ammonia  diasolTe«  amidophtbalic  acid  with  difficulty ;  th«  aolution  behayea  like  th« 
pfytaah-volutioo  bat  d«poaita  the  acid  again  on  evAt»orution. 

On  passing  a  current  of  niir&us  acta  into  an  nlcoholic  aolutiun  of  amidophthuLiic  acid, 
ntirogeo  ie  eTolved  and  a  gmnalar  browniah-red  precipibite  10  fuicmed,  which  14  the 
analogue  of  Oheas  a  diaaobenzo^amidobenzoic  acid  (p.  292  k. 

AAophtliftlte  *eld,  C*H*NO*. — On  treating  a  k»lntioji  of  nitrophthatic  acid  with 
aodiiim-Hmalgani,  no  hydrogen  ia  pvnn  off«  but  the  solution  gradnally  rums  yellow  and 
brown.  The  product  of  thi^  reaction  ia  to  be  eatumted  with  acetic  acid,  which  separat^a 
aome  reainona  matt^^r.  Da  addition  of  hydrochloric  acid,  a  yeltow  crystalline  prceipitata 
is  fonnedt  which  after  ptirifieubon  forms  azophthiiUc  acid.  This  acid  ia  of  an  orange 
colour,  and  cryatallises  from  dilute  uquTOUs  or  alcNjholic  solution  in  well  developed  but 
amall  crjstala  of  a  deep  oininge  coloor.  It  disfiolraa  very  slightly  in  cotd  water,  more 
to  in  alcohol,  eapeciaUy  when  warm. 

The  aaophthalales  &re  all  coloured  cither  yellow  or  orange. 

The  potasMufn*»ait  etyatallisea  well  and  is  vvij  solubli)  in  water. 

The  amtwmium-^t  resembles  the  former  ;  it  dot's  not  lose  ammonia  on  being  kept 
in  a  warm  place  for  aome  tim«. 

The  bnnum-saUin  a  yellow  crystalline  precipitati*. 

Azopbthuiic  acid  appears  not  to  form  an  etiier  on  passing  hydrochloric  acid  into  its 
altviholic  solution. 

This  add  is  the  analogue  of  the  azobeniEoic  acid  which  Strecker(Anu.  Ch.  PhaFm. 
exxix,  129)  obtained  by  the  action  of  aodinm-amnlgam  on  a  eolation  of  mtrubenzoate 
of  sodium.     (Hugo  M fi  Her.) 

Asozypbtt&allo  wusAA*  When  an  alcoholic  solution  of  nitrophlhalic  acid  is  heated 
for  «Mjmi'  time  with  on  alcoholic  solution  of  potash*  the  mixture  turns  brown,  and  if 
trnnt«'d  in  the  way  jnat  meotiuoed  nuder  azophthalic  acid,  yields  aaoanrphthalic  acid. 
This  add  resembles  the  former,  but  haa  more  of  a  lemon-yellow  colour.  It  forms 
amtill  prismiitic  crystals,  and  yields  crystalline  salts  with  moat  metala.  (Hugo 
Miilh-r.) 

»&TBJkX*XC  JUrB¥]>&llfc8.  C'H*0'.  Phthali^^,  /Vro<t/i>an.c  uruf.— Obtained 
by  distilling  pbtbalic  acid*  Sublimea  in  fino  el:istic  needles,  the  transrerse  section  of 
whifh  is  a  rbombtia  of  62*'  and  128^.  It  dissolves  slightly  in  cold  water,  more  easily  in 
boiling  water,  reproducing  |>hthaUc  acid.  It  is  reiy  aoluble  in  alcohol  and  ether,  metta 
at  t06°,  and  ciystaUisefi  m  a  fibrous  mass  on  cooling.  It  dissolvea  completely  in 
aqueons  funmonia,  with  considemble  rise  of  temperHtnre,  and  tho  solution  yields  on 
evaporation  a  mass  of  slender  flexible  needles,  apparently  consisting  of  phthi^amic  add 
or  phtbalamata  of  ammoniuoL 

TrichioTophihalic  anhydrieU,  O'HCl'O*,  is  produced  b^  distilling  trichlorophthalic 
acid.  It  ia  colourless  and  crystAllisea  in  needles  from  fiisioo.  It  imitea  with  ammonia, 
forming  a  salt  which  gives  a  white  precipitate  with  nitrate  of  silver. 

Nitropkthitlic  anhydride^  C^H'(NO')0",  is  obta.ined,  by  subhming  nitrophthalic  acid 
at  a  gentle  heat,  in  long  white  needles  whose  transverse  section  is  a  rhombus  of  52^ 
and  128*^.     It  is  very  little  soluble  in  water.     (Laurent,  Marignac) 

»B9fiAX^O  STSBSS.  The  ethyl-,  amyl-  and  phenyl -ethers,  C"HVC^*)'0*, 
ice,  arti  hejivy  otly  liqtiiik  product?d  by  the  action  of  the  corresponding  alcohols  on 
chloridt'  of  pbthalyl  (11.  M  iiller).  The  ethylic  ether  is  also  prodocod  by  boiling  the 
acid  or  anhydride  with  ulcohoL     (Lauront.) 

PSTBik^ZSS.    Syn.  with  Pbthj^lic  AKHTSsmn. 

PAXBA^imirs.     C'H'N   =>   ^^'  I N.    (D  usart.  Ann.  Ck  Phys.  adv.  335.)— 

A  baae  produced  by  tlie  action  of  TOlphydric  acid  on  nitrophthalen©  (p.  1 12^  id  tbe 
pretence  of  alcohol  and  ammonia.  A  mixture  of  tin  alcoholic  solutiuii  of  nitrophthaJeoe 
and  sulphide  of  ammonium  is  heated  to  SO**  for  several  hours  in  the  water-bath  ;  llw 
greater  part  of  the  alcohol  is  distilled  off;  the  remainder  evaporated  almost  to  diynAti 
at  a  gentle  heat  [  the  residue  extracted  with  dilute  hydrochloric  acid  ;  and  the  filtraU 
BatuiHted  with  potjvsh.  The  precrpitate  is  at  first  white  and  then  rodisaolves  in  the 
acid  solution  with  a  beautiful  hlue  colour;  on  adding  an  excesa of  potaah,  Jlesh-coloorMi 
fiakes  are  formed,  which  gmdually  become  denser  and  dark-oolonred.  The  prectpitateia 
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•washed  on  a  filter  with  water,  until  the  filtrate  no  longer  exhibits  aa  alkaline  reactum; 
it  then  becomes  crystalline. 

Phtha]idine  crystallises  from  its  aqueons  solution  after  the  lapse  of  a  tew  days  in 
beautiM  needles.  When  melted  and  cooled,  it  forms  a  crystalline  mass  of  the  ooloorof 
realgar.  It  melts  at  about  22^,  and  when  it  solidifies,  the  thermometer  rises  to  34*5^. 
It  smells  like  naphthalene,  and  tastes  unpleasantly  pungent  Its  aolutioiiB  do  not 
restore  the  blue  colour  to  red  litmus,  but  its  vapour  (at  what  tempoatore  ?)  turns  it 
immediately  blue.  Very  small  Quantities  of  phthalidine  impart  a  beautiful  blae  oolonr 
to  solutions  of  ferric  salts.  It  is  moderately  soluble  in  cold  water,  anddissolTosin  all 
proportions  in  warm  alcohol  and  ether. 

Phthalidine  begins  to  boQ  at  255°,  but  the  thermometer  rises  yeiy  r^idlj,  wfaHe 
decomposition  takes  place,  and  a  carbonaceous  residue  remains  behind.  It  is  oooTWted 
into  a  yellowish-white  mass  by  cklorine-waUr,  It  reduces  nitrate  of  silver,  the  solu- 
tion depositing  veiy  brilliant  crystals.  The  aqueous  solution  produces  a  grej  rnedpi- 
tate  with  mercurous  salts,  and  a  yellow  precipitate  with  ferrous  salts.  It  blaekeos  on 
addition  of  chloride  of  gold,  A  solution  of  hydrochlorate  of  phthalidine  is  n|ndly 
decomposed  by  tetrachloride  of  platinum^  assuming  a  green  colour,  and  depositing  bine 
flakes  which  blacken  on  drying;  a  warm  saturated  solution  of  the  salt  forms  withteCza- 
chloride  of  platinum  beautiM  yellow  orstals  which  partiaUy  deoomposo  on  dzying. 

The  salts  of  phthalidine  are  soluble  in  water  and  in  alcohoL 

Hydrochlorate^  C^*N.HC1 — A  warm  alcoholic  solution  of  the  base  aatmated  with 
hydrochloric  acid  immediately  becomes  filled  with  violet-blue  crystals. 

The  nitrate,  C'H'N.HNO',  is  formed  in  a  similar  manner. 

Sulphate^  2CH*N.H^0^— Sulphuric  acid  unites  directly  with  phthalidine  and 
forms  a  dark  green  mass,  which  attracts  moisture  from  the  air  and  becomes  blue.  The 
crystallised  salt  is  obtained  by  double  decomposition,  or  by  mixing  the  alcoholic  solution 
of  the  base  with  sulphuric  acid.  It  dissolves  much  less  readi^  in  alcohol  than  the 
other  salts. 

Ethyl'phthalidine,  C'«H'"N  -  C«H\C«H»)N,  is  a  liquid  having  the  odour  of 
phthalidine,  and  distilling  without  decomposition.  The  hydriodate^  C'*H*'N.HI,  forms 
silvery  flakes  which  give  off  iodine  at  100°  and  turn  yellow.  The  hydroehlorate  is  very 
similar.    (Dusart) 

C«H»NO*    =  (^^'^^JN.     (Laurent,  Ann.  Ch.  Phys. 

[2]  Ixi.  121 ;  [3]  xxiii.  119.)— -This  compound,  isomeric  with  isatin,  is  formed  by  heating 
acid  phthaUte  or  phthalamate  of  ammonium: 

C»fl»(NH*)0<      -       Cra»NO«     +     2H«0. 

Add  phthaUte. 

C»H«(NH«)NO«      a.       C"H»NO«     +     H«0     +     NH». 
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It  is  colourless ;  crystallises  from  ether  by  spontaneous  evaporation  in  six-sided  prisms 
derived  from  a  rhombo'idal  prism  with  angles  of  113°.  It  melts  when  heated,  and 
solidifies  in  a  striated  mass  on  cooling ;  at  a  stronger  heat  it  boils  and  sublimes  in  very 
liffht  fiakes.  It  is  inodorous  and  tasteless.  It  is  insoluble  in  cold  water,  and  slightly 
smuble  in  hot  water ;  easily  soluble  in  boiling  alcohol  and  ether.  It  is  not  attacked  by 
chlorine  or  by  weak  or  diluted  acids.  It  dissolves  in  strong  svdphurie  aeidwhtaa.  heated, 
and  if  water  is  added  to  the  solution,  phthalic  acid  separates  out  on  cooling.  Boiled 
with  an  alcoholic  solution  of  potash,  it  evolves  ammonia,  and  forms  phthalate  of  potas- 
sium. 

Silver 'phthafinUde,  C*H*NAgO*. — A  boiling  alcoholic  solution  of  phthalimide  does 
not  precipitate  nitrate  of  silver,  but  on  addition  of  ammonia  it  deposits  a  pulverulent 
precipitate  or  crystalline  spangles,  which  dissolve  in  hot  ammonia  and  crystallise  out 
unchanged.  The  solution  of  the  silrer-salt  in  ammonia  and  a  little  hot  water  deposits 
needles  which  appear  to  consist  of  phthalamate  of  ammonium.  When  heated,  it 
molts,  swells  up  and  forms  a  black  mass,  which  at  a  higher  temperature  assumes  a 
fine  green  colour,  with  golden  lustre,  like  the  wings  of  cantharides,  phthalimide  sub- 
liming at  the  same  time.      (Gerhardt,  Traits,  iii.  488.) 

Phenyl-phthalimide,  C'«H»NO«    «    ^^^*^'(n.— On  melting  phthalic  add 

with  aniline,  and  treating  the  cold  pulverised  mass  with  boiling  alcohol,  phenyl- 
phthalimide  remains  as  a  ciystalline  powder,  which  may  be  purified  by  sublimation 
and  recrystallisation  from  boiling  alcohol.  It  forms  beautiful  colourless  needles,  in- 
soluble in  water,  melts  at  203°,  and  begins  to  sublime  in  needles  before  fiision.  With 
melting  potash  it  yields  aniline  and  phthalate  of  potassium.  Boiling  aqueous  ammonia 
converts  it  into  phenyl-phthalamic  acid. 
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Kitrophthaiimide,  C-HWO*  -  [^^^'^^^'^^''Jn,  M  produced  bj  hiiating 
tiitmpblJmlate  of  ammoniam. 

l^araAATX,  CSbaKZHa  or.  (C*WO*yC)?.  (H.  M a 1 1  «*  r.  ZeitMhr,  Ch.  Pharm. 
1863,  p,  267-)-  Phthalic  aeid  or  anJijdride  i*  readily  act«l  upon  by  pentaehloridi*  of 
phosphoniii^  with  evolution  of  hydrochloric  acid  and  phosphoric  oiychloride.      The 

SrodacI  ia  a  heavy  oily  liquid  of  peculiar  odoar^  reflembUng  chloride  of  b«n2oyL  It 
i§tiJs  at  aboQt  270°  withuut  decompoBitJon,  and  does  noC  aoiidify  on  cooling.  It  siiika 
ill  water,  but  nonn  becomes  eonverte^l  into  phthalic  acid.  If  kept  in  imperfectly  cloaed 
> fAM/^I^^  it  gradually  depc>«iLH  large  crystala  of  phthalic  anhydride.  It  acta  with  enargy 
on  th<!  iilcohoU,  forming  the  corretpunding  othf^m  (.p.  631). 

CliJ<rride  of  Nittv^phthatt/l  is  prepared  like  the  preceding;  and  reaemblen  it  in  ittf 
ppopeiile-'i,  but  ennnot  bo  distilled  without  deoompoaitioii. 

y BTH JLiriTi!.  ( Kir^ehchitfer, }  A  fljntj  flaaile  -variety  of  granular  quartc  baring 
a  gr^y,  bUck,  or  greenish  colour. 

9BTCIC  AG  IB.  (La  my^  Ann,  Ch.  Phya.  \Z\  xxx?.  l29,)'An  add  contaiued* 
tug«»thiT  withphycit«,  in  ProtococcuM  mdaartt.  It  la  cstnet«d  by  alcohol,  and  separatca 
tlitrpfrom  by  alow  eraporatioa  in  bulky  stellate  g^npa  of  needle-shaped  ci^stala, 
cii'luurlttw,  somewhat  unctiiotia  to  the  touch,  tit&telesa,  inodorouH,  and  permanent  in  the 
Hir  Specific  gravity  s  0896.  It  meita  at  136^,  solidifying  to  a  nilky  cryKtailino 
majMi  on  cooling;  begins  to  boil  at  150^,  grudually  d^eomponng  and  exhaling  a  char^ 
ttcteristic  odour.  By  distillation  it  yields  oily  products,  insoluble  in  wmter^  very  soluble 
in  ulci:>hol.  The  acid  is  insoluble  in  water,  but  dissolves,  especially  when  aided  by 
heat,  in  aivuhof,  ctktr,  aeetam,  and  oili  both  fiit  and  volatile :  1  pt.  of  it  dissolves  in  1ft 
pta.  of  Itoilinjif  absolute  aleohoL     The  sloohoHc  aolutiuu  is  uetttraL 

Phycic  acid  gives  by  analysis  69  8 — 70'S  per  cenL  carlfoiif  1P7 — 12'0  hydrogen,  aud 
3*7 — 3'8  nitr^^n,  besides  oxygen  ;  no  formula  lias  been  proposed  for  it, 

Phycic  acid  dissolves  in  strong  suIphuHt?  aeid,  and  is  rcprecipitated  by  water.  Ntiric 
acid  attacks  it  slowly,  forming  a  ligbt  very  acrid  oil  and  a  efystallisable  acid.  It  is 
not  attacked  by  dry  chhrine  even  in  suoHhine.  Iodine  and  ph>tphmru»  act  upon  it  only 
at  hi^h  lomperatures.  It  is  decomposed  by  hvating  with  ftntaaaium^  yielding  hydro- 
cyanic acid,  together  with  other  products.  When  heated  with  soda«lime,  it  gives  off 
amuiouia. 

Amnionia  ha«  no  action  on  phycic  acid.  Foiiuk  nod  ss^  disiolve  it,  forming  salts 
which  cxTstAllise  in  needles,  are  tieivtrsl  to  te«t-jwpers,  and  dissolve  in  water  and 
ttft'jhol,  lorminff  solutions  which  froth  like  sonp-wuter.  Mo«t  of  the  other  salts  of 
phycic  acid  ar«  insoluble.     The  nltftr^ait  is  whit^%  and  blackcus  on  exposure  to  light. 

VHXeiTfi.     C*H'»OV     Syn.  with  EnrruauMANwrTB  (ii.  fi04). 

The  term  phycite  has  Utcly  been  extended  by  Car i  us  (Ann.  Ch.  Pharm,  cixxjv.  71) 

In  the  ff^ries  of  tetmtomic  alcohols  ^        ^^  ^   >0*,  homologous  with  natural  phycitjc. 

He  h^iB  obtmned,  by  an  artificiiil  proceas,  a  3-carbou  alcohol,  having  the  composition 

H*  {^**  ^'^^^  prepared  several  ot  its  derivatives ;  but  whether  this  alcohol  is  really 
huinoIogGtift  in  constitution  with  native  phycite^  cannot  be  determined  till  the  4-carbon 
computiud  C41'*0*  has  also  been  obtained  by  a  corresponding  process,  and  its  proper* 
tie«  Hud  ri^actions  compared  with  those  of  usitural  phycite  (see  Tbhtl^phtcitb). 

FSTCaCTAM  and  VWWCOWMTTWUXM,  These  names  are  applied  by 
Kiitzin^  to  a  blue  and  nd  colouring  mattvr,  appari-ntly  of  the  same  composition, 
extPiing  in  several  red  sea-weeds.     (Handw.  d.  Chem.  vi.  495.) 

PHTCaSJBUCATXX'.  A  red  colouring  matter,  obtained  by  Kiitdng  from 
Rp  ftp/tea  luif'Ufria.  It  in  extract  til  from  the  fresh  alga  by  maceration  in  cold  w«ter, 
and  separates  in  flncks  oq  evaporating  the  solution  and  adding  alcohol.  It  is  insoluble 
in  ether  and  in  oib«  The  colour  is  destroyed  by  exposure  to  sun-light»  so  that  old 
upecirot'tjs  of  the  alga  are  often  dt^stitute  of  coloonng  matter.     (Handw.  loc,  cit,) 

mTH&Xir  O^AirCB.  A  mim  nil  from  Deutsch-Pilsen  in  Hungary,  containing, 
acrnrtling  Uy  Pbittner,  eulpbur,  antimony,  tellurium,  lead,  and  gold^ 

YBY'&XtlTE.  A  mineral  from  Storling,  M^issachnsetts,  resembling  ot  treble 
(p,  *248),  jind  cofitiiining  3840  per  cent,  silica,  23"68  alumina,  17"62  ferric  oxide,  8Dfl 
iHJi^eHia,  6  80  pot;i«h,  and  4  80  water,  a  composition  which  may  be  represented  by  the 
formula  ( Me:"  K  )SiOMAl';Fe'>SiO*.H=0  (RamnuUhcrg^s  MinerakMemte,  p.  866), 

PBYXtZiOCHX.OR,    8yn,  with  Chioropuvil. 

FHYlt^OCYAJerar  »md  raYI.ltOXA.WXBXW.  These  names  are  applied  by 
Fr^my  to  a  blue  and  a  yellow  substance,  of  which  he  supposes  chlorophyll  to  be 
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composed.  He  separates  them  by  agitating  chlorophyll  with  a  mixture  of  ether  and 
hydrochloric  acid,  the  yellow  substance  then  dbsolnng  in  the  ether,  and  the  hlue  in 
the  hydrochloric  acid  (Fr^my,  Compt  rend.  L  405;  Jahresb.  1860, p.  633).  According 
to  H.  Ludwig,  also  (Arch.  Piiarm.  [2]  cvL  164;  Jahresb.  1861,  p.  738)^  when  chlo- 
Tophyll  (from  young  wheat -leaves)  is  boiled  with  strong  aloohohc  potash,  and  the 
solntion  is  neutralised  with  hydrochloric  acid,  a  yellow  precipitate  is  formed,  together 
with  a  splendid  blue  liquid,  which  leaves  phyllocyanin,  on  slow  evaporation,  as  a  dark 
blue  maMs.  Stokes,  on  the  other  hand,  concludes,  &om  the  fluoresoent  and  absorbent 
properties  of  chlorophyll,  that  it  does  not  contain  a  blue  substance,  and  that  Fr^my's 
phyllocyanin  is  a  product  of  the  decomposition  of  chlorophyll  by  acids.  (Ohem.  See.  J. 
xvii.  314.) 

9BT&&0&ETZir.  A  fossil  resin  found,  together  with  tekoretin,  in  the  fossil 
wood  of  Denmark.  It  melts  at  86^ — to  87^,  dissolves  easily  in  alcohol,  and  appears  to 
have  the  composition  CH**.  (Forchammer,  J.  pr.  Chem.  zx.  469.) 

PBYIiXiOXAirTBBXir.  A  yellow  substance,  produced,  according  to  Fr^mj 
iloc,  cit,\  by  the  action  of  bases  on  chlorophyll,  or  on  phyllocyanin.  It  is  reconverted 
into  phyllocyanin  by  the  action  of  acids. 


VBTXiXiOZABrTBXV.  The  Tellow  substance  pre-existing  in  chlorophyU.  The 
mode  of  separating  it  from  the  blue  constituent  by  the  action  of  ether  and  hydro- 
chloric acid,  or  alcoholic  potash  and  hvdrochloric  acid,  has  already  been  mentioned. 
It  may  also  be  obtained  by  adding  hydrate  of  aluminium  to  an  alcoholic  B(dutton  of 
chlorophyll  diluted  with  a  considerable  quantity  of  water.  The  whole  of  the  colouring 
matter  is  then  precipitated  as  a  yellowish-green  alumina-lake,  from  which  the  phyUo- 
zanthin  may  be  extracted  by  sulphide  of  carbon,  leaving  the  lake  of  a  more  bluish- 
green  colour.    (FrAmy.) 


C»*H»0».  ^Dessaignes  and  Chautard,  J.  Pharm.  [3]  xxi.  24  ) 
The  bitter  principle  of  the  winter  cherry  {Phyaalis  alkekengt)^  a  solanaceous  plant 
growing  in  the  south  of  Europe,  sometimes  used  as  a  substitute  for  quinine  in  the 
treatment  of  intermittent  fevers. 

It  is  prepared  by  briskly  agitating  the  aqueous  extract  of  the  leaves  with  chloroform, 
which  deposits  it  after  long  standing;  and  is  purified  by  dissolving  it  in  hot  alcohol, 
with  addition  of  a  little  charcoal,  precipitating  the  filtered  liquid  with  water,  and 
washing  the  precipitate  with  cold  water  on  a  filter. 

Physalin  is  a  light  perfectly  amorphous  powder,  having  a  yellowish  colour  and  a 
bitter  taste,  slight  at  first,  but  afterwards  strong  and  persistent  When  diy,  it  becomes 
strongly  electric  by  friction.  It  is  very  slightly  soluble  in  cold  water  and  in  ether, 
somewhat  more  in  boiling  water,  easily  in  chloroform  and  in  alcohol,  especially  the 
latter.  When  heated,  it  so^ns  at  about  180^,  and  decomposes  at  a  higher  temperature. 
It  is  but  slightly  soluble  in  acids,  moderately  soluble  in  ammonia,  but  the  alkali  is  all 
driven  off  on  evaporation.  The  alcoholic  solution  does  not  precipitate  ammoniacal 
nitrate  of  silver,  but  gives  a  white  precipitate  with  acetate  of  lead  and  ammonia. 

rarSAlLZTB  or  Pyrophysalite,  A  coarse  nearly  opaque  variety  of  topaz,  found 
in  yellowish-white  crystals,  which  intumesce  when  heated:  hence  its  name  (from 
^vffdytiy,  to  blow).  It  occurs  in  crystals  of  great  size  at  Fossum  in  Norway ;  at  Finbo, 
Sweden,  in  a  granite  quarry,  and  at  Braddbo,  in  a  boulder ;  one  crystal  from  the  last 
locality,  at  Stockholm,  weighs  eighty  pounds. 

PBT8BTOZAZC  ACXS.  C>*H**0<.— A  fatt^  acid  discovered  by  Hofstadter 
(Ann.  Ch.  Pharm.  xci.  177)  in  sperm  oil ;  isomeric  if  not  identical  with  hypogsic  add, 
obtained  from  the  oil  of  ArachU  kvpogaa  (iii  238). 

To  prepare  it^  the  soap  obtained  by  boiling  the  oil  with  potash-ley  is  dissolved  in 
boiling  alcohol ;  and  the  filtrate,  after  being  freed  from  alcohol  hj  distillation,  is 
diluted  with  water,  and  reprecipitated  by  ammoniacal  sugar-of-lead.  The  ine- 
cipitate,  washed  by  decantation  and  dried  in  the  air,  is  drenched  with  ether,  which 
dissolves  physetolcate  of  lead  and  undecomposed  spermaceti,  leaving  undissolved  the 
lead-salts  of  the  solid  fatty  acids.  The  solution  is  separated ;  part  of  the  ether  is 
distilled  off;  the  residue  decomposed  by  hydrochloric  acid ;  the  ethereal  solution  is 
mixed  with  ammonia  and  chloride  of  bajrium ;  the  precipitate  is  collected,  washed,  and 
dried  in  a  vacuum ;  and  the  ethal  and  spermaceti  are  removed  from  it  by  cold  ether. 
On  repeatedly  boiling  the  undissolved  physetoleate  of  barium  with  alcohol  of  93  per 
cent,  and  cooling  the  resulting  solutions  separately,  the  portion  taken  up  is  deposited 
as  a  white  powder,  which  must  be  collected  out  of  contact  with  the  air,  washeid  with 
alcohol,  and  immediately  dried  in  a  vacuum.  It  may  be  obtained  pure  by  recrystallis- 
in^  it  twice  more  in  the  same  way,  and  decomposed  by  boiling  with  aqueous  tartaric 
aad. 
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FlijnMloIctc  ftcid  cryBtatliset  in  stellate  ^up  of  colaiurlcas  noedlea  ;  it  is  inodorous, 
nu'lts  »t  ZO^,  and  solidifies  at  28°  (hTpogncaad  from  earth-oui  oil  melte  at  34^  or  3^^>i 
lu  iu  rtmctiutis  and  combtnadona  it  aaaetlj  reaembkfl  bjpogvic  acid^ 

Parraomv.  C»»H**0*.  (Gerding,  N.  Br.  Aicb.  Ixxxtii.  L)— A  neutral  toV 
atu^ucf  0(.N?urrii)g  in  Parmelia  ccratophtftla^  var.  phyaodeg  (aUo  (tailed  Parmfiia  physodesy 
To  ul>UitQ  it^  the  lichen  air-dried  andf  cut  in  pieces  is  macerattHl  nith  ethei  ror  aeToral 
daytf ;  the  ether  ia  eTupomt^  ;  and  the  residusl  whiti*  powder  ia  punned  by  washing 
it  with  idoobol,  and  repeated  crjetalHsAtlon  from  abflolute  uloohoL 

It  forms  a  white  fooaejj  coherent  mosft,  appearing  when  mngnifled  120  time«  to 
cunaiat  of  four-tjidcd  truncated  prismB.  It  melts  at  125°.  Dried  at  100'^  it  givea  by 
snslysis  (mean)  4975  per  cent*  carbon  and  4  63  hydrogen,  the  formula  retjuiring  60' 70 
carbon,  4-28  hydrogen,  and  45 '07  oxygen. 

Pbysodin  behavea  to  u}aUr  like  a  reain,  not  baing  wetted  thereby.  It  disaolves  in 
filctthoi  of  HO  per  cent »  bnt  is  innolnbb  in  absolute  alcohol,  in  ether,  and  in  acetic  add« 
It  ia  not  altered  by  liilute  acids.  It  dissolves  easily  in  warm  aqoeoos  ammonia^  form* 
ktig  a  yellow  6ohition  whiL'h  becomes  reddish  on  exposure  to  the  air.  In  carhomtU  of 
anttmmia  it  dihsulves  slightly  at  ordinary  temperatures,  easily  on  boiling;  in  potajik 
inatuuUy  with  yellow  colour.  Acids  precipitate  from  these  solutions  light  yellow  or 
rfildiMli  tlockH ;  the  potash-solution  yields  a  dingy-yellow  prpcipitate  wilh  ckioHde  t\f 
ftarium.  The  alcoholic  solution  in  not  precipitated  by  chloride  of  bafium,  but  yields 
wilh  acetate  of  le4td  a  pale  yellow  precipitate  soluble  in  potaah  ;  with  euprk  nUphilie 
a  palA  green ;  and  with  niiratt^  ofmltHru  brown-rt^l  precipitate. 

Addjotdum.  CtratQvhtfllin (0,  Hesse,  Ann. Cb. Pharm.cxix.  365 V— This substonee 
^occurs,  together  with  tiliysodin,  in  Parmeiia  ctrati^ph^lla,  rar,  jt\^todes.  To  prepare  it, 
about  3  lbi»  of  the  lichen,  after  being  washed  with  WHter»  ia  stirred  op  with  clear  liroe- 
wnter  ;  the  idJialine  Milution  i»  neutralised  with  hydrochloric  acid  ;  and  the  reeultiog 
yellowish*grey  floci!ulent  precipitate  is  washed  several  tirncs  with  cold  wat^r  to  remove 
the  excess  of  ucid,  then  collected,  dried  in  the  air,  and  freed  from  una^staliisahle 
mutt^^r  by  digeeiiou  with  bollini;  alcohol  of  7^  per  cent  There  then  remains  a  dark 
gfven,  Moift,  elastic  mass,  probtkbly  containing  physodin  and  nsnic  add,  to  remove  which, 
the  mass  is  boiled  with  btrong  sodu-ley.  A  dark  brown  liquid  is  thus  obtained,  which^ 
Oil  *H>oling»  deposits  e«'r.itophvlltn  immixt-d  with  either  of  the  substances  junt  mentioned* 
h  may  be  separated  from  thu  niofher-Uquor  by  filtration,  and  purified  by  recrystaUisa- 
lion  from  lioiijug  alcohol  with  the  aid  of  animal  charcoal.  When  the  lichen,  without 
previous  washing,  iei  stinvd  up  with  thin  milk  of  lime,  the  yellowish  filtrate  does  not 
yield  any  precipitate  with  hydrochloric  acid.  The  precipitate  formed  as  above  de* 
Bci'ibiHl  is  piirticularly  abundant  when  the  lichen  has  been  obtained  frum  birch-stenjs, 
and  tlie  nmccrution  has  not  been  contiuued  for  more  than  IS  hours. 

(.'emto|'h^l]i[i  forms  thin  whit**  prisms,  which  when  placed  upon  the tonguc»  produce,  at 
tir?tt,  n  whghrly  irritiiring  tastt,  noon  bt'coming  rather  strongly  perceptible  in  the  thK>at ; 
isub(*iH|U6ntly  u  persiNltnt  burning  sensation  la  experienced  on  the  tongue*  It  melts  at 
1 17°  to  a  colourless  Uqaid,  aud  solidifies  in  the  cryst-iilllne  form  between  136^  and  ISS^. 
It  begins  to  sublime  even  iit  the  melting  point,  and  at  a  somewhat  higher  temperature 
sublimes  very  easily  «nd  without  alteration,  in  Ihiu  colourless  laminie. 

Cerut^jphylliji  ap^^^ears  to  be  a  higher  homologue  of  orsellinate  of  ethyl,  C'*H'*0* ; 
its  melting  point  is  about  15^  higher  thuu  that  of  the  latter. 

Cerutopliyllin  is  much  more  sclable  in  hot  wairr  than  in  cold  ;  it  dissolves  re^idily 
in  afcoh^d,  tther,  potash- fry,  aqueotts  ammonia,  and  fimr'ftaitr.  The  alcoholic  solation, 
which  bus  a  neutral  reaction,  is  oolonrod  purple^ violet  by  a  small  quantity  of  ferrie 
rh/aride^  blood^red  by  solution  of  ckkridt  of  hint,  the  latter  colour  being  destroyed  by 
excess  of  the  reagent ;  no  precipitate  with  alcoholic  sugnr-oflead  ur  nitrate  of  silver- 
Prom  tile  ammoniacal  solution  hydrochloric  acid  throws  down  the  ceratophyUin  in  thin 
pnsnui.  Cemtophyllin  di^olves  in  dilute  nitric  add,  the  solution  acquiring  only  a 
slight  yellow  tint  when  heated.  Strong  sulithuric  acid  dissolves  it  without  aJteration 
at  ordiuRry  t^^mperalurps,  but  chars  it  when  heated. 

rarsoSTiaMOrs.  (X  Jobst  and  O.  Hes«e,  Ann.  Ch.  Pharm.  exxix.  11^ ; 
Jnhresb.  1864,  p.  454.)— An  alkaloid  obtained  from  the  Calabar  bciui,  the  seed  of 
PhyttHitiyma  ncfieno^um^  a  poisonous  leguminous  plant  growing  in  marshy  situations 
near  Attarpah  and  Old  Calabar  in  Upper  Guinea.  The  poifeonous  power  appears  to 
reside  on!y  in  the  cotyledons.  By  re|>eatedly  exhausting  ihe  Mhelled  beans  with  boiling 
alcohol  of  80  per  con!.,  and  evaporating  the  extract,  a  yellowish  residu<*  is  obtained, 
whieh  dissolves  in  water  with  acid  reaction,  and  separation  of  a  small  quantity  of  oil. 
Neutral  acetate  of  lead  added  to  this  solution  throws  down  an  acid  (not  j^reci  pi  table  by 
limo- wafer,  chloride  of  ralcium,  or  nitrate  of  nilver),  and  the  (lltrale  frtM^fl  from  had  by 
ff'Ulphydric  acid,  yields  on  evaporailion  a  red  re^due,  from  which  absolute  alcohol 
extracts  acetate  of  physostigmliie,  learing  gum  undt««>lved. 
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The  base  it«elf  is  most  easily  prepared  from  the  extract  by  satarating  its  tolntioii  in 
ft  small  quantity  of  cold  water  with  calcined  magnesia,  evaporating,  and  treating  the 
vtill  moist  residue  with  ether,  as  long  as  that  solvent  takes  np  any  of  the  base.  The 
ethereal  solution  is  agitated  with  a  few  drops  of  very  dilate  sulphuric  add;  the  lower 
dark  red  layer  of  liquid  is  again  shaken  up  with  magnesia ;  the  base  thus  aepazBted  is 
dissolved  up  by  ether ;  and  the  solution  is  left  to  evaporate. 

Physostigmme  thus  obtained  is  a  brownish -yellow  amorphous  mass,  sparingly 
soluble  in  water,  moderately  soluble  in  ether,  alcohol,  benzene,  ammonia,  and  soda. 
From  the  ethereal  solution  it  is  completely  precipitated  by  animal  chaivoaL  The 
aqueous  solution  has  a  slight  burning  taste,  a  aistinct  alkaline  reaction,  forms  a  kermes 
coloured  precipitate  with  iodide  of  hydrogen  and  potassium,  and  precipitates  ferrie 
hydrate  frum  a  solution  of  the  chloride. 

The  solutions  of  physostigmine  in  acids  have  a  dark  red  or  more  rarely  ft  daik  bine 
colour ;  they  are  more  or  less  decolorised  bv  sulphydric  acid,  and  leave  the  salts  in  the 
form  of  r«Bd  amorphous  masses,  easily  soluble  in  water  and  in  aloohoL  Ther  fonn  amor- 
phous precipitates  with  tannic  acid  and  with  platinie,  auric  and  mereurie  chtaridet.  The 
gold'Salt  decomposes  easily,  with  separation  of  the  metals. 

Physostigmine  is  the  active  principle  of  the  Calabar  bean.  The  solution  gnren  in 
small  doses  to  a  rabbit  |)roduces  paralysis  in  five  and  death  in  twenty  minutes^  without 
contraction  of  the  pupils.  When  dropt  into  the  eye,  however  (even  an  hour  after 
death),  it  produces  m  ten  minutes  considerable  contraction  of  the  pupiL  Aeoordingto 
Christison,  a  dose  of  0-8  gnn.  of  the  bean  produces  vertigo,  and  strong  paralysis  of  the 
voluorary  muscles  without  any  painful  symptoms ;  accoraing  to  Harley,  a  pieoe  of  the 
size  of  a  millet-seed  wiU  kill  a  cat  or  a  rabbit ;  according  to  Robertson,  the  been 
produces  transient  contraction  of  the  Sphincter  Iridin  and  Mtueulut  eiliarii,  and 
therefore  affords  an  excellent  means  of  counteracting  dilatation  of  the  pupiL  The 
alcoholic  extract  of  the  beans  is  the  most  convenient  for  medical  purposes. 


VBTTOCHBMCXSTK'r.  The  Chemistry  of  Plants.  The  most  comprehensive 
treatise  on  this  subject  is  that  of  Rochleder,  published  at  Leipag  in  1854,  and  given  in 
a  somewhat  abridged  form  in  the  eighth  volume  of  Omelin's  "  ^ndbuch  der  CSiemie,'* 
containing :  1.  The  proximate  principles  of  plants  arranged  according  to  orders  and 
genera. — 2.  The  nutrition  of  plants,  and  the  formation  and  metamorphoses  of  their 
several  constituents.  See  also  the  articles,  Ash  of  OaoAino  Bonns,  Maitubj^  and 
NuTRmoN  OF  Plants  in  this  Dictionary;  also  the  several  articles  describing  the 
chemical  constitution  of  individual  plants. 

yBTTOMOBZiZV  or  Ptani-yellow,  A  name  proposed  by  W.  Stein  for  rutin,  on 
account  of  its  wide  diffusion  in  the  vegetable  kingdom.    (See  Rutdt.) 

VXAjrura.  An  earthy  resin  occurring  at  Pianze  near  Neustadt  in  Camiola,  in 
brownish-black  masses  with  yellowish-brown  streak.  Hardness  -»  1-5.  Spedfis 
gravity  »  I '220.  It  melts  at  316^,  and  bums  with  an  aromatic  odour  and  much 
smoke,  leaving  5*96  per  cent.  ash.  It  dissolves  in  ether  and  in  caustic  potash,  freely 
also  in  absolute  alcohol  When  heated  in  a  glass  tube,  it  yields  a  yellowish  oOy 
distillate  having  an  acid  reaction.    (Haidinger,  Pogg.  Ann,  (lu.  275.) 


One  of  the  products  of  the  distillation  of  wood-tar.  It  is  an  oil  of 
specific  gravity  1*10,  unctuous  to  the  touch,  having  a  faint  odour  and  a  burning  bitter 
taste.  It  boils  at  about  270^,  and  unites  with  alkalis,  forming  czystallisaUe  com- 
pounds.    (Reichenbach.) 

VZCBUSZC  ACZB.    Syn.  with  Laubic  Acm  (iii.  473). 


Pichurim -beans,  Faba  Pichurim  tniTiorei  (from  Oeotea 
pichurp  minor^  Martins),  yield  by  distillation  with  water,  a  yellow  oil,  smelling  like 
bav  and  sassafras  oil,  and  having  a  sharp  burning  taste.  By  distillation  with  sulphuric 
acid  (which  prevents  the  beans  from  aggregating  into  a  pasty  mass,  and  increases  the 
yield  of  liquid),  Miiller  (J.  pr.  Chem.  Iviii.  463)  obtained  a  yeUowish-green  oil, 
having  the  peculiar  odour  of  the  beans,  slightly  soluble  in  aqueous  alcohol,  easily  solu- 
ble in  absolute  alcohol  and  in  ether.  By  repeated  fractional  distillation,  it  may  be  le* 
solved  into  a  number  of  oils  of  constant  boiling  point,  viz.  (1).  A  colourless  mobile  oil 
boiling  at  150^,  and  emitting,  when  rubbed  between  the  fingers,  a  very  pungent 
odour  like  that  of  the  leaves  of  Tntcrium  Marum. — (2).  A  transparent  colourless  oil 
boiling  between  165^  and  170°,  and  smelling  like  oranges  when  its  vapour  mixes  with 
the  air  in  small  quantity,  like  turpentine  in  larger  quantity.  Both  these  oils,  after 
drying  over  chloride  of  calcium  and  solid  potash,  consist  essentially  of  a  hydrocarbon 
C*H*,  partly  altered  by  oxidation. — (3).  A  yellowish-green  oil  boiling  between  285® 
and  240®,  smelling  like  the  beans,  more  viscid  than  the  preceding,  and  agreeing  neariy 
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id  composition  with  Ui«  emtpirieal  fortnalu  C^H^^.--<4).  In  Isf^  tjOAntitj,  an  oil 
boiling  U'tw^n  260°  mid  264°,  luid  iigzveing  nearW  in  oomposition  with  ih(^  farmulA 
U^ll*^>»  Thin  oil  htt»  m  ^ni  odour  and  deep  bine  oolotir  permanent  in  the  djirk, 
but  ciiauglng  to  greenish -jeUow  under  the  infliienc«  of  light  or  of  oxidising  agent j, 
appearing  then  to  be  conTurted  into  that  lost  described. 

Piehurim'CamphoK  According  to  Bonastrpi  pichnnm-oil  is  resolTfd  b^  cold 
alt^jhul  into  a  Btrong<»melling  ^laeoptene  and  a  nearlj  inodorous  camphor  or  stearoptene 
which  ««parftte8  in  white  shining  micaeeoas  iamina>.  According  to  Mailer,  the  dark 
blue  oil  above  mentioned  deposits  crrstsU  of  lauric  acid^  which  may  be  extracted  in 
birgcr  quantity  by  means  of  Boila,  Bonsstre's  camphor  perhaps  consisted  either  of 
this  acid  or  of  lAtir<;«t<'urin. 

rscKirmosTSA&zc  Acn>.    8yo.  with  Latmio  Aod. 

T%GMXKXM0t.TMm      Native  msgnesia^nm  found  near  Iqniqne  in  Peru  (se« 

Sulphates), 


yiGO^urm.  C'H'N.  OdoHne,  (Unrerdorben,  Pogg.  Ann.  nil  259,  480;  xi. 
69.— Anderioa,  N.  Ed.  PhiL  J,  xli.  146,  291  ;  Phil  Mag.  J.  [Sjxxxiii.  185.-  alao 
J,  pr.  Chcm.  46.  166  ;  Ed.  Phil  Trans,  xxi.  Pt.  1,  219;  Phil  Msg.  J.  [4]  \x.  214  ;  also 
EtL  Phil.  Trans,  xxi.  Pt.  4,  &7a.—C.  OrcTille  Williams,  Chem.  Soc  Qo.J.Tii.  97; 
Chenu  Gaz.  xil  283;  Ed.  Phil.  Trans,  xxi.  Pt.  2,  313;  Church  and  Owen,  Chem* 
NewH,  ii.  146. — Wertheim,  Ann.  Ch.  Pharm.  Ixx.  62;  Chem.  Gaz.  vii.  309.) 

In  1826,  Unrerdorben,  while  in Tfstigiitinj?  th«  foetid  oil  obtained  in  the  de»tmctiTe  dis- 
tillatiun  of  bones,  discorcrtHl  s^'Teml  volatile  alkidoid^.  Among  these  was  one  diitin** 
guiflbrd  by  its  overpowering  and  persistent  smcU  ;  to  this  Hubstsnec  he  gave  the  name 
of  odorinc.  The  etxpenments  of  Uuverdorben  howeviT,  allliotmh  conducted  with  re- 
niHrkahle  skill  and  perseTeiance,  did  not  in  any  way  eiitabliid]  the  cctmpotsition  of  the 
bodies  which  he  ieparatedi  and  as  no  bait  wss  obtaint^  by  him  ftfie  from  other  homo* 
logues  of  the  same  tfirieSi  wa  tihall  not,  except  in  special  eases,  quote  his  results.  Most 
of  the  facts  observed  by  him  mav  be  found  in  Gmelin's  Handbook,  xL  263  tt  §rq.  But 
in  1&46,  Dr.  Andenon  snoceeded  in  isokting  a  base  from  cool -naphtha,  whieh  he 
»4iowed  to  be  isomeric  with  aniline.  He  also  showed  its  relations  to  Unrcrdorben's 
(ulunniv  ttnd  gave  it  the  nsme  of  picolinc.  Subsequently  he  drteeted  the  same 
ulkuloid  in  bone-oil,  accompanied  by  numerous  homolognes,  including  pyridine,  the 
tir^t  member  of  the  series, 

ikt-urrenfm  and  Formatitm,^^!,  In  coal-nsphlha  (Anderson). — 2,  In  bone^il 
(A  n  d  (^  r s  o  n). — ^3,  In  the  tar  produced  by  didtilling  the  bituminous  shale  of  Dortetahiro 
( W  illiams). — 4.  It  is  probsbly  contained  in  the  l>asic  liquid  obtained  by  Stenhoui»e 
in  his  rpfMniFcht-^s  on  th(^  products  of  the  dt^&Lruetive  distillation  of  beans,  dec— ^6.  A  basa 
{•osseeBing  th(^  eame  ceuteFimiil  eompoMitiun  and  boiling  point  is  found  among  the  pro- 
ducts of  the  difitiJlation  of  cinehotime  (Williams). — 6,  In  the  distillate  from  peat 
(Church  and  Owen).  The  ^Lalement  by  Wertheim  that  picoline  is  yielded  by 
i>]|K'i'ino  when  difltilled  with  sodn-lime  is  erroueousv  The  buse  obtained  in  that  manner 
1*  pi|M'ndinf,  C*H"N.  The  question  of  the  identity  or  isomerism  of  the  tertiary  mona- 
minen  formed  during  di'strtictire  distillation  is  one  of  the  greatest  difficulty,  and  recent 
rrsearches  have  shown  not  only  tliat  the  chtnoline  and  teticoline  seri^^s  are  distinct, 
bat  also  that  the  pyridine  series,  as  found  in  the  distillate  from  duchonine,  also 
fonn  a  distinct  doss.    (See  LrTtoorK,  iii,  737.) 

Prtparation. — ^The  penaration  of  all  volatile  bases  (except  pyrrol)  from  the  oily  pro- 
ducts of  destructive  distillation,  is  conducted  in  nearly  the  same  manner.  The  oils 
are  first  to  be  shaken  up  with  sulphuric  acid  diluted  a-ith  about  twice  its  weight  of 
water.  This  treatment  with  acid  may  be  repeated  to  ensure  tbe  entire  removsl  qS  the 
last  portions  of  the  bases.  On  standing,  the  iicid  solution  settles  to  tbe  bottom  of  th« 
ve«ai-4  and  may  b©  removed  by  means  of  a  siphon  or  separator.  A  very  good  apparatus 
for  the  purpose  consists  of  a  carboy  from  which  tbe  bottom  has  been  removea.  It  is 
tu  be  inrerti'd  and  pkced  on  any  convenient  support  which  will  allow  of  v^sels  being 
placed  bentath.  A  sound  bung  to  which  a  stopcock  has  been  fitted  is  then  to  be 
cemented  to  the  neck  of  the  carlwy.  The  mixture  having  been  placed  in  the  separator 
the  ttcid  liquid  is  to  be  drawn  off  below.  The  next  step  is  to  boil  in  an  open  vessel  sa 
long  us  pyrrol  is  given  off.  This  may  be  ascertained  by  holding  a  slip  of  fir- wood, 
moiiiitened  with  strong  hydrochloric  add,  in  the  escaping  steam.  l»Vhen  the  wood  is 
no  longer  reddened  the  boiling  may  be  stopped.  If  it  be  desired  to  save  the  pyrrol  the 
tfporiition  must  be  conducted  in  »  still.  As  soon  as  the  pyrrol  1ms  been  expelled,  the 
liquid  is  to  be  strained  through  calico  to  remove  pitchy  and  rfsinona  matters.  An 
excess  of  caustic  soda  is  then  to  be  added,  and  the  whole  distilled  as  long  as  the  dis- 
tillate contains  bases.  This  may  be  ascertained  b^  seeing  whether  fumes  are  given 
off  on  the  approach  of  a  rod  dipped  in  hydrochloric  acid.     If  the  distillate  is  very 
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weak,  it  is  to  be  concentrated  by  a  second  distillation,  before  proceeding  to  tlie  next 
operation.  The  next  step  is  to  add  a  large  excess  of  solid  potasb  to  the  Hquid,  so  as  to 
render  the  bases  insoluble,  and  cause  them  to  rise  to  the  surface.  This  operation  must 
be  performed  with  care,  in  order  to  prevent  the  temperature  rising  sufScientlj  to  cause 
a  loss  of  the  more  volatile  constituents. 

The  basic  oil  which  rises  to  the  sur&ce  after  the  addition  of  the  solid  potash,  is  to  be 
separated  from  the  aqueous  liquid,  and  placed  in  bottles  of  moderate  size.  The  mix- 
ture of  bases  still  contains  a  large  quantity  of  water,  which  must  be  entirely  rempved 
before  proceeding  to  the  next  operation.  To  effect  this,  sticks  of  potash  are  to  be 
added  and  the  whole  allowed  to  stand  a  few  minutes.  The  water  wUl  soon  begin  to 
act  on  the  potash,  and  the  solution  of  hydrate  of  potassium  which  sinks  to  the  bottom 
of  the  bottles  is  to  be  removed  as  fast  as  it  is  formed.  The  most  convenient  mode  of 
doing  this  is  by  means  of  a  large  pipette  furnished  with  a  vulcanised  india-rubber 
ball  at  its  upper  extremity.  The  ball  is  to  be  pressed  flat  in  the  hand,  and  the  lower 
end  of  the  pipette  bein^  immersed  in  the  liquid  to  be  removed,  the  pressure  on  the  ball 
is  to  be  lessened;  the  hquid  will  then  enter  the  bulb  of  the  pipette  and  may,  after  re- 
moval, be  expelled  by  renewing  the  pressure.  After  proceeding  as  above  for  about 
half  an  hour,  it  wUl  generally  be  found  that  the  separation  of  the  water  will  begin  to 
take  place  very  slowly.  More  solid  potash  is  then  to  be  added  and  the  whole  left 
at  rest  for  some  hours ;  the  removal  of  the  aqueous  portion  is  then  to  be  repeated. 
It  will  require  a  day  or  two  of  digestion  to  effectually  remove  every  trace  of  moistnie. 
It  will  abo  be  found  that  the  more  volatile  and  soluble  in  water  the  bases  are,  the 
more  digestion  will  be  required.  It  must  not  be  forgotten  that  if  aniline  and  its 
homologues  are  present,  they  must  be  destroyed  by  lx>iliiig  with  nitric  acid  befine 
attempting  the  dehydration. 

It  is  absolutely  essential  to  remove  every  trace  of  moisture  before  proceeding  to 
fractional  distillation.  The  smallest  quantity  of  water  will  give  rise  to  the  greatest 
errors  if  it  be  attempted  to  separate  mixtures  by  takins  advantage  of  the  differences  in 
the  boiling  points  of  the  substances  present.  The  wh(9e  liquid  will  now  require  to  be 
subjected  to  a  complete  and  systematic  distillation.  This  process  is  exceedingly  tedious 
and  takes  a  vast  amount  of  time.  A  mixture  containing  six  or  eight  homologous  bases 
will  require  thirteen  or  fourteen  complete  fractionations,  involving  nearly  a  thousand 
distillations,  before  anything  approaching  to  complete  separation  wih  be  effbcted.  For 
full  details  of  the  methods  of  conducting  the  operation,  the  reader  is  referred  to  the 
original  memoirs  quoted  at  the  head  of  this  article. 

The  piooline  will  be  found  in  the  fractions  boiling  at  about  135^.  The  firactions  dis- 
tilling m  the  twelfth  or  thirteenth  rectifications  between  130°  and  140°  will  consist  of 
almost  pure  picoline. 

'  Properties. — ^Picoline  is  a  colourless  mobile  liquid  which  does  not  freeze  at  0°.  It 
has  an  intensely  powerful  and  characteristip  odour,  and  when  inhaled  through  the  nos- 
trils, produces  a  bitter  taste  in  the  mouth  and  back  of  throat.  It  fumes  strongly  on  the 
approach  of  a  rod  dipped  in  hydrochloric  acid.  It  blues  litmus  but  does  not  affect  the 
colour  of  a  solution  of  red  cabbage.  It  does  not  yield  any  coloured  reaction  when 
chloride  of  lime  is  added  to  its  aqueous  solution,  but  the  mixture  acquires  a  new  and 
peculiar  odour.  It  boils  steadily  at  about  135°  (Anderson).  Its  specific  gravity  at 
0°  is  0-9613.  The  density  of  its  vapour  was  found  by  experiment  to  be  3*290.  Theory 
requires  3*224.  The  refractive  indices  of  a  specimen  prepared  from  peat  by  Mr. 
Church,  and  having  a  specific  gravity  of  0*955,  were  found  by  Gladstone  and  Dale  to 
be  for  A,  1*4888;  D,  1*4980;  H,  1-5314,  the  temperature  at  the  time  being  22*6°. 
(PhiL  Trans.  1863,  p.  317.) 

Decompositions. — 1.  The  action  of  chlorine  on  picoline  varies  according  to  the 
manner  m  which  the  experiment  is  made.  When  a  current  of  the  gas  is  passed 
through  an  aqueous  solution,  absorption  takes  place,  the  liquid  becomes  brown,  and  a 
peculiar  pungent  odour  is  evolved.  From  the  solution  potash  precipitates  a  dark 
brown  resinous  matter.  But  if  excess  of  picoline  be  poured  into  a  bottle  of 
chlorine,  and  the  hquid  be  distributed  over  the  surface  of  the  bottle,  the  greater  portion 
is  converted  into  a  crystallised  mass,  which,  on  treatment  with  water,  leaves  an  amor- 

fhous  powder  of  dazzling  whiteness.  It  is  insoluble  in  water  but  soluble  in  alcohol 
toonsistsof  the  hydrochl orate  of  trichloropicoline,  C*H*C1'N".HC1  (Ander- 
son).— 2.  Bromine-water  tAAeA  to  solution  of  picolineyields  a  resinous  precipitate, 
insoluble  in  water,  but  soluble  in  alcohol  and  ether.  When  picoline  is  thrown  into  a 
vessel  filled  with  bromine-vapour,  the  reaction  which  ensues  is  analogous  to  that  with 
chlorine. — 3.  Iodine  in  presence  of  water  yields  hydriodate  of  picoline  mixed  with  a 
brown  impurity. — 4.  Nitric  acid  does  not  readily  decompose  picoline  even  when  boiled ; 
no  picric  add  is  formed  even  after  prolonged  ebullition.  Nitric  acid  in  the  cold  yields 
nitrate  of  picoline  (Anderson). — 6.  &5tM»i  cohobated  for  some  days  with  piooline 
converts  it  into  parapicoline,  a  new  and  remarkable  base  apparently  polymeric  with 
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pwuMim  tt«e1f.  Its  formuLi  b  CH'N.OH'N  -  Ci*H**NV  It  boib  Wtwecu  260^  And 
316^,  luid  is  mi  tiie  «aai«  iimt*  iiarttaily  deeompOMd,  witb  fgnuatiaa  of  pyrrol  and  car- 
bomite  of  utmnoaiom.  It  moet  be  difitilled  in  it  cuiTLUt  ut'  bydrog<^  at  »  temptii^ture 
bc'lu w  itii  boiliiig  pai  nt.     ( A  d  d  e  r  s  o  n* ) 

P100LIK1-SA1.TS. — Picoline  unites  with  acid«  forming  saltB,  mofft  of  which  are 
exceedingly  soluble,  bat  in  general  crysbtUiftablo  when  ciirefa]lyprcpiir<Ml.  On  mixing 
them  with  etrong  scida  considirable  heat  is  evolved.  All  picoline-salts  are  rendily 
decompoMd  by  fixed  idkaiis,  with  sepimttion  of  the  baM.  Thej  cloielj  teasmbte  the 
•altaofpjridinet, 

Hydrochlorate, — Hydrochloric  acid  and  picoline  mixed  in  the  proportion  of  one 
eqaivaJent  of  each  and  careMly  evaporated  on  thi?  water- bath,  yield  priiimario  erj'fftais, 
which  BubLime  when  gently  heatfd.     The  sublimed  salt  is  di^iquescent.   (Andersou,) 

Chhrocuprate  of  Pici>l*ne, — J^rge  rhombohedral  ciystalii  obtained  by  evaporating 
etniric  chloride  with  hydroehlorato  of  pi  col  in  e, 

ChixfromrrettrtiU,  C*H^N.Hg"CP. — I*icoline  added  to  a  strong  solutioD  of  corrosirA 
sublimate  yields  a  ctirdy  precipitate.  From  dilute  sulutions  it  may  be  obtainod  in 
needles.  The  salt  mast  be  air-dried  us  it  evolves  piooline  when  heated.   (Anderson.) 

Chloroauratf, — Ddicate  yellow  needles  diaaoJving  in  2Q  pts.  of  boiling  water, 
(ti  nverdorben.) 

VhlortrpiaiiHtiU,  2(C«H'N.HCl).R*'Ci*.— This  salt  varies  in  appeaiance  witb  the  mode 
of  preparation.  A  concentrat^'d  solution  of  tetrachloride  of  platinam  added  to  a 
strong  fnoluiion  of  hydrochlorate  of  picoline^  yields  orangery ejiow  needles  retailing 
about  4  pla.  of  boiling  water  for  solution.     (An  derson.) 

The  platinum-salt  is  tilowly  decomposed  by  boiling  with  water,  and  yields,  alter  eight 
or  ten  days,  an  insoluble  substance  resembling  flowem  of  sulphur,  and  having  the 
formula  C'^H'*Pt"N*.4  HCL  It  is  the  salt  of  a  pbtinnm-bttse  analDgous  to  plutinumino  * 
it  is,  therefore,  the  dihydrochlorato  of  platinopicoline.  If  the  ebuilition  of 
the  original  platinum-salt  with  water  be  arrested  at  a  certain  point,  which  is  only 
ascertainable  by  experiment,  a  double  fialt  crystallises  out  containing  I  at.  dihydrochlo- 
rate  of  platinopicoline  united  to  I  at,  chloioplatinate  of  picoline.     (Anderson.) 

Sulphate  0/ PicoltHt. — A  neutral  sulphate  of  picoline  has  nol  yet  been  obtained, 
owing  to  the  tendency  of  the  base  to  escape.  When  an  excess  is  added  to  the  add,  and 
the  mixture  is  evaporated  on  the  waLer^bath^  the  base  continues  tofiy  off  ontil  an  ucid 
sialt  is  formed,  which  on  cooling  soldifies  to  a  mass  of  colourless  dehquescent  crystals, 
(Anderson.) 

Oxatatt  of  PiffAlin^. — When  excess  of  picoline  is  added  to  solution  of  oxalts 
acid,  and  the  mixture  is  evupjrated  over  lime,  the  whole  eventually  ifolidilies  to  a  dense 
crystaUJiie  mass,  very  soluble  in  water  und  alcohol,  Htated  to  100^  it  melts  giving 
off  picoJine  and  yielding  an  add  salt.    (An de rso n.) 

8ub*titu(iaa-derit^tives  of  Hcotim. 

Hydriodat0  of  Etkyl-picolinf,  C"H' N.HI  -  eB«(C»H*)N.HL— Picoline  is 
to  be  mixed  with  excess  of  iodide  of  ethyl,  and  ttealed  in  glass  tubes;.  On  heating  to 
100^  in  a  water-bath,  combination  begins  to  take  place  almost  immediately,  heat  is 
evolved,  the  liquid  separates  into  two  layers,  and  in  a  few  minutes  the  reaction  is  com- 
pleted. On  cooling,  the  upper  stratum  solidifies  to  a  crystalline  mass,  and  crystals 
ubo  form  in  the  lower  layer  which  contiists  prindpally  of  the  excess  of  iodide  of  ethyL 
The  solid  and  liquid  portions  are  to  be  thrown  on  s  filter,  and  the  crystals  washed  wUh 
a  mixture  of  alcohol  and  ether;  after  draining,  the  salt  ts  to  be  dissolved  in  us  small  a 
quanlily  as  possible  of  a  boiling  mixture  of  alcohol  and  ether.  As  the  liquid  cools  the 
new  sabstance  is  deposited  in  beaut  itul  silvery  plates.  It  is  very  soluble  in  water  and 
alcohol,  but  ]e««  soluble  in  etber     (Anderson.) 

Ethyl-picifline.—Vfhen  the  hydriodate  is  dissolred  m  water  and  moist  oxide  of 
silver  is  agitated  witb  it,  iodide  of  silver  is  precipitated  and  the  base  remains  in  solu- 
tion. Heat  must  be  avoided  as  the  base  is  readily  decomposed^  If  the  operation  be 
caationsly  performed,  a  colourless  solution  results  ;  it  has  a  faint  but  peculiar  odour,  and 
is  highly  alJcaline.  It  restores  the  blut'  of  reddened  litmus,  turns  turmeric  brown,  has 
a  powerfully  caustic  taste^  and  feels  sonpy  between  the  fingers.  It  reacts  with  metallic 
salts  generally  like  potaili  or  soda.  On  boiling,  the  solution  becomes  red,  and  ethyl- 
ami  ne  is  evolved,     (Anderson.) 

FtaUnum-salt  of  Ethyl picotme,  2(C»H"N.HCl).PtCl*.— Omngc-icd  tabular  crystals 
of  considerable  size  and  great  beauty.     (Anderson.) 

Gotd-mlt,  C'H'»N.HCLAuCl«.—Golden-yelJow  flattened  prisms. 
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ride  or  bromide  of  this  base  is  obtained  by  treating  piooline  with  chloride  op  bromida 
ofethylene:«.y.,^^^^^^     +     C«H«a«       -       (C»H*r(C%»)*NKJl«. 
(Chnreh  and  Owen) ;  see  also  Davidson  (Chem.  Soa  Qa.  J.  xiv.  166> 
Qmttitution  ofPicoUne. 

Piooline  is  a  terdaiy  monamine,  formed  on  the  type  of  one  i^om  of  ammotiin, 
Bnt  it  differs  from  the  tertiary  monamines  prodnoed  by  the  adaon  of  the  iodides 
of  the  alcohol-radicles  on  ammonia,  inasmuch  as,  instead  of  having  the  three  atoma 
of  hydrogen  in  the  type  i«placed  by  three  atoms  of  a  radicle,  they  appear  to  be  re- 
placed by  one  triatomic  radicle.    It  is  therefore  usual  to  write  its  formula  (CH^)"!^. 

Nothing  certain  is  known  of  the  nature  of  any  of  the  triatomic  radicles  contained  in 
the  tertiary  monamines  produced  by  destructive  distillation.  C  O-  W. 

PZCO&xra.  A  black  chromiferous  spinel,  occurring  as  an  aooeasory  eonstitiient 
in  Lherzolite  (iiL  685).  It  has  a  density  of  4  08,  and  contains,  according  to  Damoor^s 
analysis  (Jahresb.  1862,  p.  724^  66*0  per  cent,  alumina,  8*8  chromic  oxide,  10*3  mag- 
nesia, 24-0  ferrous  oxide,  and  2*0  siliceous  residue  (»  101*2). 

FIOBAmc  AOXD.  0*H*N*0*.— An  acid  produced  by  the  action  of  reducing 
agents  on  picric  add  (see  Nitbofhxkamio  Aana,  p.  406). 

VIORAMMOVZUM.   C*H'*N*  -  ^  ]^^  (^*   Lautemann,  Ann.Ch.Fhann. 

exxv.  I.) — A  tn-ammonium,  the  iodide  of  which  is  produced  by  the  action  of  iodino 
and  phosphor U8  on  aqueous  picric  add,  that  is,  of  hydriodic  add  on  picric  add: 

C^N0«)»0  +  23HI  -  CH'^NI*  +  7HK)  +  lOP. 
A  saturated  solution  of  picric  acid,  treated  with  iodine  and  phoi^thonis  (best  witii  100 
pts.  iodine  to  about  20  pts.  phosphorus!  becomes  heated  to  the  boiling  point,  and  on 
subsequently  distilling  m  the  excess  of  hydriodic  add  in  an  atmosphere  of  carbonic 
anhydride,  the  remaining  liquid  solidifies,  at  a  certain  degree  of  concentration,  to  a  mass 
of  long  yellowish  needles  of  the  tri-iodide,  which  may  be  obtained  neariy  colourless  by 
wailing  with  alcohol  containing  ether,  solution  in  absolute  alcohol,  and  evaporation  in 
a  vacuum  over  oil  of  vitrioL 

Iodide  of  picrammonium  is  deliquescent  and  becomes  resinous  on  exposure  to  Ught ; 
crystallises  iiom  aqueoua  hvdriodic  add,  but  not  £rom  water ;  firom  tiie  alcoholic  so- 
lution it  is  predpitated  in  the  reunous  state  by  ether.  The  aqneous  solution  reduces 
plaUnie  chloride;  forms  a  steel-blue  predpitate  with  a  stronff  solution  a£/errie  chloride; 
and  imparts  to  a  dilute  solution  a  deep  blue  colour,  which  changes  to  violet  after  a 
while,  and  then  disappears,  a  flooculent  predpitate  separating  at  the  same  time. 
Nitrate  of  silver  added  to  the  solution  of  the  iodide  t^ws  <£>wn  silver-iodide  and 
metallic  silver,  the  supernatant  liquid  turning  blue.  The  iodide  evaporated  with  nitric 
acid,  gives  off  a  small  quantity  of  pis,  and  yields  brown  crystals  forming  a  blue  solution 
in  water.  With  potash-lw  it  gives  off  ammonia,  and  deposits  brown  flocks.  The 
dilute  solution  of  the  iodide,  mixed  wi^  a  little  ammonia,  becomes  blue;  the  concen- 
trated solution  acquires  a  transient  dark-green  colour. 

Picramine,  or  hydrate  of  picrammonium,  cannot  be  isolated  on  account  of  its  ready 
oxidability. 

(S'O*)*     ) 
Mid  Stdphate  of  Picrammonium,  {C^n'^N*y'R(SO*)*    -     (C«fl»«N»r?-0\    is   ob- 

H       J 
tained  by  mixing  the  solution  of  the  iodide  in  absolute  alcohol  witb  dilute  snlphurie 
acid,  in  greyish-white  flocks,  which  crystallise  with  partial  decomposition  from  water. 
The  sulphuric  acid  is  completely  precipitated  from  this  salt  by  chloride  of  barium. 

8ulphato^odideofPieramm(mium,(Cm'*}!f')'"i^^^*y,2U^  «  rC«H^'«rlT^*^* 
is  obtained  in  lights  amber-yellow,  octahedral  orstals,  when  the  aqueous  solution  of 
the  iodide,  mixed  with  dilute  sulphuric  acid,  is  left  to  evaporate.  It  is  easily  soluble 
in  water,  nearly  insoluble  in  alcohol  and  ether,  and  difiicult  to  crystallise  frtnn  water. 

Jfiid    Phoephato-iodide    of    Picrammonium,      ^^^^^^TO^T  I  2BH} 

(PC)-  Jq, 
(C^H^'N")"')-  J  .2H»0,  separates  in  the  oystalline  state  on  mixing  the  aqueona  iodide 

a.         J 
with  orthophosphoric  add.    It  dissolves  eadly  in  water,  with  difficulty  in  alcohol  and 
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Hh«r  Ptioflifboric  acid  addi^d  lo  the  idcuhotte  M»lution  throws  dawn  an  insolulilc  Milt 
frtMj  from  iodiae,  the  iolatton  q(  wlucli  io  hydroctiiorie  aeid  dc{>ositB  needle*  liaring  it 
fttttitiy  lustre. 

PZC&AArrXi,     The  lame  i|>pUBd  by  BatselioA  to  itilbene  or  hjdiide  of  hiilhyl 

PZCSAtVAXCZim.  A  mill  em]  O(*«nrnog  in  g«odM  in  the  giibbfo  of  Tuscany » 
u\»o  in  ihf  f^iiatitLc  potfte  of  a  met&Uiferous  dyke.  It  forms  trapt^sohiKiroas  »nd  ctilx*- 
tmpezohedroDfl,  with  distinct  cubic  clenTage,  Hardn«Mw  =-  6.  Spfidflc  ginfity  — 
2*267.  Colotir,  fl#^h-rf»d  to  colophon ite-rcd.  Lu^tw*,  ritjeous.  Contains,  ai?eotdtiig 
to  B«chi  (SiU«  Am.  J.  [2]  xir.  62),  5911  per  cent.  »ilica,  2208  altunina,  10  12  mag- 
tkm*^  0*45  aodji^  0'02  potash,  and  7'67  water  (»  9945),  agreeing  with  the  formula 

J[j5l^,f  iSiO'.H'O.  which  ia  that  of  analcime  (i.  210)  haying  the  greater  part  of  the 

•odium  replaced  by  miLgne«ium.  The  mineral  haa  moit  probably  been  formed  from 
armliMm^'  by  ih*^  action  ^f  wiit<^r  contHimng  magnma.     (Dana,  ii.  318.) 

FZCmAVZSZC  A.CZ]>«  The  name  applied  by  Cahours  to  picric  acid  obtained  by 
thi:«  action  of  polat^h  on  trinitraoiaol,  which  he  anppoaedlo  be  an  isomeric  modiflcfition; 
but  it  liaa  bince  been  shown  to  be  idenhe-nl  with  pterifi  acid  obtained  fhjm  other 
sourci^  (p.  402). 

VZC&XC  ACZ]>.  C«H*(NO')'0.— Already  described  a«  trinitrophenio  add  (pp, 
400-405). 

WKCMLXK,  A  bitter  aubwtance,  of  doubtful  eon«titution*  obtained  by  Rwdtg  (mm 
fox'glore  {Diffitalh  pttffftirta).  It  it*  dej*eribed  a»  a y fallow- lm)wn,  *om«?timeii  orysinUtne 
aobatance,  soluble  in  waU^r^  ak-odol,  add  I'thur,  and  pn^npirat^  from  th«  aqneoun 
solution  by  mereune  chloride,  ferrocyanidi'  of  potAssinm,  and  acfitate  of  lead,  not  by 
cufbonat^:'  of  potatiBium,  or  eulphuto  of  copper  (Handw.  d.  Chnn-  fi.  503). 

FZCKOCrrAJrxo  JkCtSi,     Syn,  with  Isopiuifurjc  Acid  (ill  433). 

FZCROKKTTSKXir.  C''iF*0^ — A  body  produced,  together  vith  orHeUinic  ether, 
by  the  tu^tiou  of  Ixjiting  water  on  erythrin,  in  eoouection  with  which  it  hasbbtiu  already 
described  (il.  503). 

fi-Picroeiyikrtn,  C'"H*0».— Lam  parr  er  (Ann.  ClLPharm.  cxxiiv.  243),  by  treating 
Bovth  American  varietien  of  Itoeetiia  fuciforwiJi  with  milk  of  lime,  as  in  St«  nhouse'a 
poeess  for  the  preparation  of  eiythrin.  ha»  obtained  a  body  which  he  calls  ^-trythrin^ 
naring  the  composition  C**H**0**  ;  differing  from  that  of  er\"thrin  by  CH*  (whence  it 
might  be  calkd  mrthi/i-ffyikrinX  ie*emhling  erjlhrin  in  roost  respt'ctj*,  but  meriting  at 
llo^ — 1 10^,  with  riolent  evolution  of  carbonic  anhydride,  whereas  erythrin  nji-ltjs,  ac- 
cording to  Hesse,  at  137^,  and  does  not  give  off  carbonic  anhydride  till  heated  above 
200". 

0-erytliriii,  boiled  with  mater,  yields  orsellinic  acid  and^*piCToerytbrin.  The  reaction^ 
and  tluit  by  which  ordinary  picroerythrin  is  produced  from  erythnn,  are  repreaented  bj 
the  equations : 


Eryibrln. 
C"H»*0'« 


H^O 


cm*o*    + 

Oftettlulc  MiiJ. 
Ori«1lliil«  M^id. 


Pkro«rj  thrto. 

j9-(iicroerflhriji. 


3-erythriD,  boiled  with  stiong  alcohol,  is  reeolTed  into  oraellinic  ether  and  ^-picro* 
ery  thrin ; 

C»'H"0««     +     C*H«0         -         C?'H^{C*H*)0*     >     C'«H**0-     +     H^, 

^-erythrln.  Akuhol.  OrMllliiic  ^-plcra^ 

rtt>*r.  «rylhHn. 

On  disliiliag  off  the  alcohol,  a  syrupy  residue  is  left  which  solidifies  on  cooUng, 
Th«^  solution  of  this  mass  in  boiling  water  yields  on  cooling  srilrery  Umimu  of  orsellinie 
ether,  and  the  mother-liquor  evaporated  to  a  syrup,  deposita  iS-picroery thrin  in  tftellate 
groups  of  nt-^dlea. 

Beta-picroery thrin  has  a  slight  add  reaction,  and  gi res  a  red  ookmr  with  chloride  of 
Kme.  it  IB  xery  soluble  in  water  and  in  alcohol,  sparingly  in  ether.  It  dixsolTes  aljto 
in  ammonia,  and  the  solution  forms  with  basic  acetate  of  lead  a  white  precipitate^ 
and  with  nitmte  of  silver  a  reddish  precipitate,  which  deposits  metallic  silver  when 
wiirmcd.     When  boiled  with  baiyta-water,  it  yields  carbonate  of  barium  and  j8-omn. 

FXC&OF£irZT&  A  mineral  consisting  of  a  silicate  combined  with  fluor  Hp«r 
and  water,  occurring  at  Lupikko,  near  Pitkaranta,  in  Finland.  It  is  white,  with  a  tinpo 
of  green  or  blue,  sin gle-ro free! ing»  with  an  unctuou»  to  dull  lustre  r  hardness  >  2  to  3  ; 
spf' rifle  pravitf   *»    274.     It  melts  bcfiire  the  blowpipe  with  iiitumeaoonee  lind  spirting. 
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diawlf^Bg  wpbtaly  in  adda,  and  girea  oC  vith  aa^ilivie  ao^  a  Inga  qanati^  «f 
flnoride  of  ailiom.    Anaijaea,  a  bj  A.  and  J.  Oalindo,  i  bj  Arppt,  pcm 
SO*  F  Ca"0     Mf' O     Fc^O    Mb^O    1I>0 

a.  20-90     1116     2272     2879     1-54     078     8-97         -         M-86 

b.  3216      .     .       19-86     2519     350     *      •     9-08 

Thn«  aaaljBca  lead  to  the  formiila  (4M"O.3SiO0.2Ca"F*.3H^.    (Arppcv  Jahraab. 
1862,  p.  752.) 

VXCBOO&TCimr.  Dwieamann. — ^A  anbatanee  contained,  togedier  widi 
and  other  mattera,  in  bittersweet  or  StipUes  Ihde^nuuw,  the  ateaa  of 
J>micamara.  It  ia  obtained  free  Upod  aolanine  bj  exhaaetiqg  the  aqneona  cxtnct  of 
the  atema  with  alo(diol,  distilling  off  the  aleohol,  diMohing  the  rtaidne  in  water,  pre- 
cipitating the  solution  with  baaie  acetate  of  lead,  decomposing  the  lead-pRcspttate  with 
amphjdrie  add,  and  eraporating  the  filtrate  to  diyness.  On  treating  tiie  residBe  with 
aeetic  ether,  and  leaving  the  ether  to  eyaporate,  picro^jdon  ia  obtained  in  aaaall  atel- 
Ute  crystals,  which  may  be  freed  from  raother-liqoar  b j  pnaeiuc  between  paper. 

Picrogljcion  haa  a  sweet  and  bitter  taate,  melta  Tery  eaaOy,  and  ia  dceoaapoaed,  with 
eaiboniaatioD,  at  a  higher  tempexatme.  It  ia  ray  aolnble  in  water,  alcohol,  and  aeedc 
ether;  insoluble  in  common  ether.  It  ia  not  predpitated  from  ita  aohitioaa  cither  by 
metallic  salts  or  by  tincture  of  galla. 

yicmoxaCH  ■■  l W.  A  aobatanee  contained,  aeecxding  to  Alaia  (Ana.  Ch. 
Pharm.  i.  61)  in  Variolana  amara.  It  is  extracted  by  alcohol,  cryatalHaed  bj  eTi^x>- 
rating  the  solution  to  a  syrup,  and  purified  by  washing  with  a  weak  solution  of  potaasie 
carbonate,  and  reoyatallising  from  aleohoL 

It  forms  truncated  rhombic  octahedrona,  colourless,  permanent  in  the  air,  inodoitma, 
Teiy  bitter,  and  baring  a  specific  mwitj  «  1*176.  It  melta  at  100^,  and  earbooiaea 
at  a  higher  tempefature,  giring  off  rapouiB  fr«<e  fit>m  ammonia.  It  is  inaolable  in 
cold  water,  slightly  sohiUe  in  boiling  water,  rery  soluble  in  alcohol,  ether,  Tolatik  oils, 
aad  sulphide  5[  carbon,  aad  with  aid  of  heat  in  fixed  oila.  The  alcohoKc  aohrtioa  haa 
an  add  reaction. 

Picrolidlienin  ia  decompoeed  by  nitne,  hydrochloric,  and  phosphoric  acid.  With 
caustic  potoMk  it  fSmna  a  red  aolntion,  from  whidi  adda  precipitate  a  brown-red  bitter 
aubatance.  VThen  left  in  contact  with  aataioiiui  in  a  doae  veaael,  it  fiiat  becomea 
riscoua  and  reainoua,  and  ultimately  disaolrea,  forming  a  liquid  which  ia  eolomkas  at 
first,  then  tuma  reddiah,  finally  aaffiron-yeUow,  and  deposits  after  a  while,  ahiningyeOow 
tufts  of  fiattened  taatelMS  needlea  easily  soluble  in  alcohol  and  in  caustic  ■l^*^*  They 
eflloTPSoein  dry  air,  give  off  ammonia  when  heated,  and  meh  at  40^  to  a  g^utinooa  maaa, 
baring  a  deep  cheny-red  colour,  and  beharing  with  solrenta  Hke  the  cryatala  The 
same  red  body  ia  formed  whoi  the  ammoniacal  solution  of  perolicfaenin  ia  left  to 
eraporate  in  the  air.  Ita  formation  seems  to  show  that  pion^dienin  ia  a  aoaree  of 
omn,  and  probably  identical  with  one  of  the  eolooring  aoda  of  the  heheoa  (lecaziorie 
aeid,&c.). 

VICXOUTB.  A  fibrous  dark-green  rariety  of  serpentine,  somewhat  w<if,inhling 
aabeetoa;  found  in  Sfleaia,  and  at  Philipetadt  in  WermeUnd,  Sweden. 

FICmOMBBXTB.  Potaaaio-magnedc  sulphate,  K<Xg'(S0*)'.6H*0,  etyatalliaed 
from  the  solutions  of  saline  crusts,  from  the  fhmarolea  of  Veaariaii  laraa  of  the 
eruption  of  1855.    (Scacchi.) 

CTB.  See  Phabmacouts  (p.  387). 
(from  vucp^f,  bitter,  and  ^AAor,  a  leaf).'  A  massire  foliated, 
fibrous,  magneaio-ferrona  silicate,  from  Sala  in  Sweden.  It  has  a  deep  grneniah-grey 
colour;  ha^neas  =  2-5;  specific  grnrity  ^  2-75.  Before  the  blowpipe  it  tarns 
blade  and  then  white^  without  mdting ;  when  moistened  with  cobalt-eolution  and 
ignited,  it  tuma  pale  red.  Contains  49*80  per  cent,  silica,  30  10  magneaia,  6*86  fenoua 
oxide,  with  tzace  d  manganous  oxide,  0*78  lime,  1*11  alumina,  and  9*83  waUr 
(-  98-48X  adience  the  formula  3(|Mg^.|Fe'')SiO'.2HK).  It  is  perikapa  an  altered 
augite.    (Sranberg^  P<o8g*  ^^^^^-  ^  G^^) 

VlCRBOffMnni  (fromvicp^,  and  ^^  odour).  A  hydrated  silieate  of  magnesiom, 

oeeamag^  with  magnetic  iron  ore,  near  Preanits,  in  Bobunia,  in  tzimetric  eryiiala,  ex- 

Ubitiiig  the  combination  oqP  .  oePeo  .  oqPco  .j^eo.    Ang^  ooP :  oqP  -»   126<' 52' 

«»^co  :  o»P«  153<'  26^;    odPx  :  Poo  -  121<>  6*;  l^oo  :  Poo  (orer  oqPoo  )  »»  62<>  11' 

a^jaeent  ■>  117^  49^.    Clearage  panllel  to  00:^00  perfect;  naralld  to  opFoo,  kaa  ao, 

fMMM  paraUel  to  Poo.    It  occurs  also  fine-columnar  and  granular.     Hardneas  « 

•^    fibedfic grari^  »  2*59—2-68.    Loatre  on  dearage-faee  pearly;  ebewfaere 

■a.    Coloiir  greenish-white,  alao  dark  green  and  grey.    Streak  white.'   Subtraaa- 

(tiiopiliaa.    Enita  a  bitter  azgiUaeeoiis  odoor  aiien  moistaicd.    Whenhcaledit 
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f[iv«t  nff  wiit^r  cooUuiiing  amtnonU;  behoves  before  the  bfoirpipe  likn  picroplijll 
^Iit4iii0  64 '89  per  cent,  iilica,  34'36  maguwiia,  07^  alumina,  1*40  ferric  oxide,  0'i2 
manfaDons  oxide,  and  730  water  (-i  9915),  whence  the  formula  22SIg''SiOMPO,  th« 
tnagDMitim  Wtng  partly  n'pkcod  bj  iron.     (MagDQS,  IV)gg.  Ann.  ri  6Z,) 

VSCX&OXBOltffiOiriTS.  A  white  radiate  mineral*  from  the  gmhbro  of  Tuscany, 
oontaioing,  according  to  Bee  hi  (StlL  Am.  J.  [3]  xiv.  63),  40*Ji6  per  oent*  silica,  31*2^ 
atumiua,  1099  lime,  626  magneeia,  0  28  alkali,  and  10  79  water*  It  is  pmbably  a 
thom»uiiite  hariog  the  soda  rcpLaoed  bj  magnesiii.    (Sea  TBOHfloiOTB.) 

FZCB4>TOXXO  ACID.  The  name  gifeo  hj  Pelletier  and  Conerbe  to  picrotoxini 
becaujM*  it  iinit^^  with  mctallie  Ckxidea. 

FZCrmOTOXXir.  C'W*0».  (BonlUj,  Ann.  Chim.  xxx,  209.— Casaseca, 
Ann. Cb.  Phjsw  [2}  xii.  307. — C.  Oppermaon,  Mag,  Pharm.  xxrr.  233.— Pell e tier 
and  Coucrbe,  Ann.  Ch.  Phyi.  [2]  liT.  18L— Liebig,  Ann.  Cb.  Pharm.  x.  203.— 
Rcgnnult.  Ann.  Ch.  Phys.  [2]  IxviiL  160.— L.  Barth,  J.  pr.  Cbem.  ici.  165;  Ball, 
8oc.  Chim.  l8iJi»  li.  388.) — The  poisonous  principle  of  the  seeds  of  Cocculus  indicus 
{Mmispfrmum  C'tccuiuMY  To  prepare  it,  the  palrerised  seed  is  twice  exhausted  with 
boiling  alcohol ;  the  alconol  distilled  off ;  the  ref^idual  fat  boiled  out  with  a  hu^ge  quantity 
of  water ;  and  the  brown  aqneouH  extract  mixed  with  a  small  auantily  of  neutml  lead- 
ac<?tAte  to  pemoTe  colouring  matter.  Tlio  filtrate,  freed  from  lead  by  sulphydnc  acid» 
is  then  eraporatedf  and  the  picrotoxin  which  separatee  is  repeatedly  cryBtallised  from 
water  till  it  becomes  coloarlesa.*     (Barth.) 

Picpotoxin  usually  crystallises  foMn  pure  eolations  in  stellate  groups  of  needles ; 
from  coloured  liquidfi  in  interlaced  spongy  threads,  which  after  a  while  change  into 
more  solid  needles,  more  rarely  into  luminie  (probably  containing  water  of  crystAllisa- 
tion).  It  is  permanent  in  the  air,  inodorons,  has  an  intense^  bitter  taste,  and  is 
oentrai  to  vegetabte  colours.  It  decomposes  without  fusion  when  stronsly  heated.  It 
diasolrea  in  150  pts.  of  cold,  and  25  pts.  of  boiling  water ;  in  3  pts.  of  boiling  alcohol 
of  spectlle  mrity  0*600;  also  in  ether  and  in  warm  fixed  oils.  Its  alcoholic  solution 
turns  the  plane  of  polarisation  to  the  left;  \u]  =  —28^  (Bouchardat  and  Boudet); 
—  —  S8**(Pfannaler)  for  a  column  I  metre  in  length.  It  is  very  poisonous,  pro- 
ducing Tcrtigo,  cocrulaions,  and  death. 
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Oppermann^  whose  analyws  differ  coUHidembly  from  all  the  reet,  proposed  the 
formnJa  C*H'0\  requiring  61 '2  carbou  and  6  1  hydrogeu ;  hut  all  the  other  analjaea 
agree  veiy  nearly  with  the  fonnulu  C'*H'*0*  Bairth's  aniilysej  also  gire  60*2  per  cent. 
as  the  maximum  percentage  of  carbon. 

Picrotoxin  unites  with  alkalis,  baryta,  lime,  and  oxide  of  lead,  forming  nnciystallia- 
able  compounds  which  are  difficult  to  purify.  On  boiling  it  for  some  hours  with  dilute 
Bulphuric  acid,  saturating  with  carbcmatr  a}  barium,  and  eyaporatiug  the  ftltmte,  there 
remains  a  syrup  which  dissolves  fn  alcohol  and  drit*  up  to  a  gummy  mass  having  the 
oomposition  C«*H*Bu"0'»  or  C«*H'*Ba''0»*.6H^0.  By  boiling  for  30  hours  with  dilute 
sulphuric  acid  and  proceedinp  as  above,  a  barium -com  pound  is  formed  containing 
C*»«H**Ba''0"  or  C»*H*Ba*0'».4H*0.  The  organic  substance  sepArated  from  this  com- 
pound dijifvolyes  easily  in  water  aud  alcohol,  and  dries  up  to  a  light  yellow  gummy  masa, 
which  when  dried  at  130^,  has  the  composition  C=*H«0»»  or  C"H'"0*  =  (?*H'<0*.H»0» 

Picrotoxin  in  many  of  its  reactions  exhibits  the  characters  of  a  aaccharine  substance. 
It  reduces  eupric  oxide  from  alkaline  solutions,  and  when  boiled  with  dOute  acids, 
takes  up  water,  fbrming  a  substance  which  also  reduces  enprtc  oxide.  The  reducing 
power  of  picrotoxin  is,  however,  about  five  times  less  than  that  of  glucose.  With 
nitric  actd,  it  yields  oxalic  acid,  and  when  distilled  with  aoda-Ume^  it  gives  off  a  small 
quantity  of  liquid  haviiig  the  odour  of  metaoetono. 

Picrotoxin  dissolves  in  strong  tulphuric  acid,  forming  a  anfiron-colonred  solution. 
With  9}flphuTic  acid  and  pottunc  dichromate  it  assumca  a  red-brown,  and  on  ht-ating 
a  dark  bro wn  colour.    (Schmidt.) 

Bromopicrotoxinf  C'*H'*BpO*,  is  formed,  with  evolution  of  hydrobromic  acid,  by 

•  Odrinir  the  recrjr»ta11iMt(on  cf  fifcrotoxin,  thrt*  uip*rMlr^  «  itnjill  qu«ntHy  of  nnolhrt  »uU»Uim^ 
(Pftlintpa  Boull<ir'f  m<nt*|iermic  Kr<d  iU,  S79)>  Aftiirinvlr  «oItibl^  in  wati^.  aliobo),  mmt  H.U»^r.  bttl  r*t>Af 
soiublif  ka  dHut«'  todtr  r  >itH>tiAti'.  aim!  »4*niiral<  d  Ihemtroni  tij  mCUit  id  mkroicopic  ne<^lci.  Ill  AiiAljriks 
le^a*  to  Iht^  rofiiiuU  l^W  O^ 
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the  action  of  bromine  on  picrotozin.  It  separates  slowly  from  alcoholic  solution  in  toft 
ciystiilline  groups,  but  on  adding  water  to  the  solution,  it  is  obtained  as  an  amorphona 
flocculent  precipitate,  which  dries  up  to  a  strongly  electric  powder. 

Nitropicrotoxin,  C**H"(NO')0*,  is  formed  by  dissolving  picrotoxin  in  a  mixture 
of  strong  nitric  and  sulphuric  arid,  and  is  precipitated  by  water  as  a  iloocnlent  maas 
wliich  crystallises  from  dilute  alcohol  in  small  needles.  It  is  not  explosive,  but  de- 
composes when  heated  to  100^,  or  when  the  solution  is  boiled. 

DKTiiCTioN  OP  PiCROTOxnr. — ^The  intensely  bitter  taste  of  picrotoxin  has  led  to  the 
use  of  cocculus  grains  as  a  substitute  for  hops  in  beer ;  and  as  it  is  a  very  poiaonons  sab- 
BtHiice,  its  detection  in  beer  and  other  organic  liquids  becomes  a  matter  of  importance. 
For  this  purpose,  T.  J.  Herapath  absorbs  the  picrotoxin  by  means  of  animal  charcoal, 
then  dissolves  it  out  by  alcohol,  and  leaves  it  to  crystallise  from  the  alcoholic  solntion 
(see  Bbbr,  i.  637).  According  to  W.  Schmidt  however  (J.  pr.  Chera.  Ixxxvii.  344  ; 
Jaliresb.  1862,  p.  629),  this  method  cannot  be  depended  upon  for  the  detection  of  small 
quantities  of  picrotoxin,  on  account  of  the  very  slight  absorbability  of  that  substance  by 
charcoal ;  the  charcoal  indeed  appears  to  be  usefA  rather  for  removing  the  coloaring 
matter,  resin,  and  extractive  matter  of  the  liquid,  than  for  taking  up  the  picrotoxin.  The 
prooess  recommended  by  Schmidt  for  the  detection  of  picrotoxin  in  watery  liquids 
such  as  beer,  is  as  follows :  The  liquid  is  evaporated  over  the  water-bath  to  a  syrup ; 
the  residue  is  dissolved  in  a  su£Scient  quantity  of  water  to  form  a  mobile  liquid ;  this 
solution  is  agitated  with  6  or  6  grms.  of  animal  charcoal,  and  filtered  after  several 
hours;  and  the  filtrate  is  completely  precipitated  with  basic  acetate  of  lead.  The 
wine-yellow  liquid  separated  fi%>m  the  precipitate  is  then  repeatedly  shaken  up  with 
5  to  10  per  cent  of  amy  lie  alcohol,  and  the  oily  layer,  which  contains  the  greater  part 
of  the  picrotoxin,  is  decanted  after  standing  for  24  hours.  The  portion  of  picrotoxin 
still  remaining  in  the  watenr  liquid  may  be  separated  by  a  repetition  of  this  treatment 
The  united  extracts  are  then  left  to  evaporate  in  a  moderately  warm  place;  the 
yellowish  residue  is  dissolved  in  weak  spirit ;  the  liquid  evaporated  to  dryness ;  the 
residue  boiled  with  water  mixed  with  a  small  quantity  of  sulphuric  acid ;  and  the 
liquid  is  decolorised  with  animal  charcoal,  filtered,  and  evaporated  till  it  acquires  a 
distinctly  bitter  taste.  It  is  then  repeatedly  shaken  with  ether,  and  the  ethereal 
extract,  after  addition  of  a  little  alcohol,  is  left  to  evaporate.  By  repeatedly  dissolv- 
ing the  residue  in  weak  spirit,  and  leaving  the  solution  to  evaporate,  the  picrotoxin  may 
be  obtained  in  tufts  of  fine  silky  crvstab.  The  charcoal  used  for  decoloration  and 
the  lead- precipitates  retain  traces  of  picrotoxin,  which  may  be  dissolved  out  by  hot 
alcohol.  When  picrotoxin  is  to  be  searched  for  in  an  alcoholic  liquid,  it  is  sufficient 
to  evaporate,  exhaust  the  residue  with  boiling  water,  decolorise  the  liquid  with 
animal  charcoal,  concentrate  the  solution,  and  treat  it  with  ether,  &c.,  as  above. 
J.  W.  Lan^ley  (SilL  Am.  J.  [2]  xxxiv.  109)  acidulates  the  suspected  liquid,  snd 
agitates  it  with  ether  which  takes  up  the  picrotoxin,  which  may  then  be  crystallised 
by  evaporation  on  a  watch-glass.  According  to  Schmidt,  on  the  other  hand,  picrotoxin 
does  not  aystaUise  from  ether  or  from  amyUc  alcohol. 

The  picrotoxin  having  been  separated  as  above,  is  easily  recognised  by  the  great 
&cility  with  which  it  ciy^allisesfrom  alcohol,  and  ttie  )>eculiar  characters  of  the  crystals 
(i.  637);  also  hj  its  strong  bitter  taste^  its  reaction  with  sulphuric  add  and  potassic 
chromate,  and  its  power  of  reducing  cupric  oxide  in  alkaline  solution. 

VZO&TXi  or  Cripin,  A  substance  formed,  together  with  others,  by  submitting  to  dry 
distillation  the  crude  product  of  the  action  of  sulphydrate  of  ammonium  on  bitter- 
almond  oil.  On  treatug  the  distillate  with  ether,  picxyl  dissolves  together  with 
stilbene,  and  separates  after  the  latter,  in  colourless,  inodorous,  monoclinic  octahedrons, 
insoluble  in  water,  very  soluble  in  ether,  much  less  soluble  in  alcohol.  It  is  attad^ed 
by  chlorine,  bromine,  and  nitric  acid,  yielding  peculiar  products.    (Laurent) 

The  name  pi  cry  1  is  also  used  as  synonymous  with  trinitrophenyl,  C'H'(NO')', 
the  radicle  of  picric  acid,  &o.  Chloride  of  Pictyl  C«H«(N0«)«C1  is  obtained  by  the 
action  of  pentachloride  of  phosphorus  on  picric  acid  (p.  403).  It  is  a  yellow  sob'd 
having  an  agreeable  odour,  soluble  in  aloonol  and  ether,  not  volatile  witnout  decom- 
position. Water  decomposes  it,  yielding  hydrochloric  and  piano  adds ;  ammonia  ood- 
Terts  it  into  picramide. 

ytUTlTM,    Syn.  with  Sphxnb. 

VZDBZVOTawXTB*  A  mineral  constituting  the  principal  part  of  a  meteorite 
which  fell  on  November  30,  1850,  near  Shalka  in  Bangoorah  (East  In^es),  and  was 
fir^t  described  by  Piddington  (Journ.  of  the  Asiatic  Soc.  of  Bengal,  1862,  zz.  299). 
The  mineral  consists,  according  to  Haidinger  (Wien.  Akad.  Ber.  xli.261 ;  Jahresb.  1860, 
p.  848),  of  dark  ash-grey,  coarse-grained  particles  of  rhombic  or  monoclinic  structure. 


PIMARIC  ACID. 


(HS 


jitcd  into  vpHrncul  nunsae*  sevi'ml  itichei  in  diamM^r,  which  are  enclosed  in  a 

•nmnrhftt  li|;ht(>r,  pumiee-like  mineral  baring  a  mofft  ftoe^gtmined  stracmre.  Tha  durk 
gr^  erysliillinA  pfirt teles  (pirldingtunite)  are  coropojied  of  &7'<t6  p<>r  cent,  silica,  20*66 
rMTOun  ozid«,  l*5S  lime,  12041  miigncitia,  with  trace  of  altimitia  ( »  9S-S4).  Thn 
i>k.**b-g;rey  masa  encloftps  also  enuill  black  grantilea  of  chrom<Y-iron.  The  cnist  of  the 
nioti-oritp  is  v^ry  tbin,  of  blackiah-brown  colour,  witb  rerj  little  Inrttrc. 

FZOOTIIXS.     An  incnistatioD  occurring  on  ibe granite  cliffn  of  Cornwall, oonaiatiag 
of  aluuiUia  cumbiued  wiih  an  organic  Hubatunce  called  mudcsi^its  acid  (liL  1060). 

FXBXXTB.    A  doubtful  mineral  apecius  between  talc  and  mica,  found  at  Fablnn  in 

Sweden. 


FnHAmiO  ACZXI.  C»H**0*.  (Laurent,  Ann.  Ch.  Fhjii.  [2]  IsExii.  3g4;  [d] 
SLxii.  469. — Sierert,  Zeitaehrift  fvir  die geaammten NatnrwiMcnacliafien, xir.  311.)— An 
acid  resin  occorring  in  tbe  turpentine  of  Fin  us  maritima,  wbii^  hardens  on  exposure 
to  the  air,  fortning  the  subetatice  called  galipot;  also  in  the  colophony  of  Bordeaux 
(i*  1087).  To  prepare  it,  tbe  galipot  of  comroerce,  after  being  freed  from  admixed  tnr- 
pentinp.  is  pulverised  and  siirn^  up  with  a  mixture  of  1  pt.  ether  and  6  pta.  alcohol, 
which  ill  f toured  ofT  after  a  short  time.  The  undisaolT^  portion  treated  twice  more 
in  tb<i  same  waj,  and  then  dissotred  in  l^oiling  alcohol,  yields,  after  sevetral  days* 
standing,  crystjilJine  cmaia,  vhicb  must  b<*  promptly  talt*^n  out  and  pnrified  by  recr^s- 
tallisation  frofn  boiling  alcohol  (Laurent).  It  may  also  be  obtained  by  washing 
Bordeaux  colophony  with  cold  alcohol,  dissolring  ih«  residue  in  boiling  alcohol,  ana 
leaving  the  solution  to  ciprstaliise. 

Pimaric  acid  forms  white,  warty,  crysL-ilIinp  cmrts,  consisting  of  microscopic  recta n- 
frnlar  or  sometimes  tix-sided  prt§m9  (Laur  en  t ) ;  fine  thin  lamins,  the  nrimary  fomi 
of  which  is  a  quadratic  prism  often  truniiated  on  the  edges,  or  acnminatea  (Si  e  v  er  t). 
It  melta  at  about  126^,  and  solidifies  only  at  68**,  to  a  limpid,  sometimea  crystallogra' 
nular  mas* ;  tbe  acid  dried  in  a  Tuconm  loses  under  these  drcnmstaoces  0*4  per  cent, 
water  (Laurent).  It  sinters  together  between  120^  and  1S6^,  and  melts  completely 
at  168*^  to  a  clear  liquid  from  which  the  unaltered  add  aublimea  at  120®.  In  a  capil- 
lary tnbe,  both  the  ctyHtdlised  and  the  already  ibsed  add  melt  at  153*^  (Sieyert). 
Specific  gmvity  *>  I  1047  at  18^.  It  is  laroititatory,  but  in  a  U'««  degree  tbun  sylTie 
acid.  It  giTc«  by  analysis  78'IS  per  cent,  carbon  and  974  hydrogen  (Laurent); 
7902  carbon  and  9-87  hydrogen  ^SievertX  the  formula  C'^H'HD*  requiring  794 7 
carbon,  9 '9 4  hydrogen  and  1049  oxygen.  According  to  these  results  pimaric  acid  is 
isomeric  with  tiylTic,  and  probably  also  with  abiotic  acid, 

Pimaric  add  Is  insoluble  in  ftuiUTt  bat  disaolres  in  10  pta.  alookol  at  18^  and  in  ita 
own  weifjrht  of  boiling  alcohol  (Laurent]  ;  in  13  |>t8.  alcohol  of  92  per  cent,  in  2  pta. 
nt  the  boiling  heat  (Hierert).  Fused  pimartc  acid  diasolTes  quickly  when  triturated 
with  on  equal  weight  of  cold  alcohol,  but  the  solution  solidifies  almost  immediately 
from  separation  of  crybtAls. 

AnutrphwuM  Pimaric  Add. — Crvst;illised  pi  marie  add  becomes  amorphous  by  keeping. 
It  Uien  dis^lres  in  its  own  weight  of  alcohol,  the  solution  not  s^jtidifying  in  the  crys- 
talline form,  but  depositing,  when  mixed  with  water,  a  soft  mniu  having  the  tame 
oompoaition  as  cryBtJiIliKed  pimaric  add.  Pimaric  acid  in  the  fuK*Hl  state  or  dissolved 
in  sloohol  does  not  undergo  thi«  transformation  (Laurent).  Laurent  sahMqaenUy 
rtffftfded  amorphous  pimane  ucid  as  identical  with  piuic  acid. 

Tbe  pi  ma  rat  es  of  the  alk^i'mitals  are  f»'3lutl<d.  The  aleoholic  solution  of  the  add 
does  not  precipitate  the  alcoholic  solutions  of  the  chlorides  of  strmitium^  calftum  and 
moff^tnum^  except  on  addition  of  ainnaofiiaf  which  produces  a  copious  precipitate  in 
tbe  ealdc  solution,  less  abundant  in  the  others.  The  lucoholic  add  mixed  at  the  boiling 
liijtit  wilh  the  alcoholic  HoluHon*  of  pi umhic^  cuprie,  or  argentic  acetate  forms  amorphous 
precipitators  afttr  somt]  time*  The  lead-stdt  dried  in  a  vjicuum  contains  26"6  per  cent* 
[cad -oxide,  agreeing  approximately  with  the  formula  C^H^^Pb^O*,  which  requires  27 '55 
per  cent 

Piiuaric  acid  distilled  in  a  vacuum  in  quantities  not  exceeding  10  grms.  yields  first 
traces  of  water,  then  pyromaric  acid  solidifying  for  the  most  part  in  the  neck 
<if  the  r<^tort,  and  ultimately  leaves  only  a  trace  of  charcoiiL  lAiger  qunnttes  of  iho 
aetd  distill e<i  in  vessels  containing  air  yieM  chiefly  p  i  m  a  r  o  n  e.  Pimaric  acid  gradual  ly 
added  to  strong  sulphuric  acid  forms  a  brown-red  solution,  which  if  poured  int^  water 
afters  24  buure  deposits  reddieh-grey  fiocks. 

By  boiling  with  nitric  oi^rid,  pimaric  acid  is  gradual  ly  converted  into  nitromaricor 
a  io  m  a  r  i  c  a  c  i  d,  C*H'*f  NO*)H>*,  which  collects  on  the  surface  of  tho  liquid  as  a  yellow 
friable  resinous  mass  which  may  be  purified  by  repeated  boiling  with  water,  or  l»yB<iil«- 
lion  in  add  and  precipitation  with  water  This  add  decomposes  when  meft<Hi,  halving 
a  bulky  eh&rcoal,  but  dues  not  glow  or  defiagmto  even  when  quickly  heated.    It  buriia 
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like  a  renin,  and  yields  by  dry  distillation  a  very  small  quantity  of  oil.  It  is  insoluble 
in  water,  soluble  in  oil  of  vitriol,  alcohol  and  ether ;  the  alcoholic  solution  zvddens 
litmus.  It  forms  reddish -yellow  salts,  those  of  the  alkali-fnetaU  beins  soluble,  the 
barium-salt  insoluble.  The  alcoholic  solution  of  the  acid  forms  yellowish  precipitates 
with  neutral  acetate  of  lead  and  nitrate  of  silver. 

yXMASOWB.  C'H'H). — When  a  considerable  quantity  of  pimaric  acid  is  dis- 
tilled in  a  vessel  containing  air,  and  the  viscid  distilkte,  consisting  of  pimmrone 
mixed  with  pyromaric  acid,  is  saponified  with  potash,  the  pimarone  is  taken  up  into 
the  soap  formed  by  the  pjrromaric  acid ;  and  on  agitating  the  pulverised  soap  with 
ether,  the  pimarone  disHolves,  together  with  a  small  quantity  of  potasMium-salts,  which 
may  be  removed  by  water.  The  residual  pimarone,  after  being  washed  with  dilute 
potash -ley  and  with  water,  and  dried  in  a  vacuum,  is  yellowish,  has  the  ooosisteaoe  of 
a  fixed  oil,  and  dissolves  in  alcohol  and  ether.  It  hardens  almost  completely  on  expo- 
sure to  the  air. 

VZMB&ZC  JLCID.    (rH«0*  =  ^^'^i^')'|0«.     (Laurent,Ann.Ch.Phys.[2l 

Ixvi.  163 Bromeis,  Ann.  Ch.  Phmrm.  xxxv.  104. — Gerhardt^  Rev.  scient  xix.  12. 

— a&ce,  Ann.  Oh.  Pharm.  li  221. — ^Arppe,  ibid.  cxv.  143 ;  cxxiv.  98. — GoLxii.  468.) 
Tiiis  acid  was  discovered  by  Laurent  in  the  mother-liquors  resulting  from  the  action  of 
nitric  acid  on  oleic  acid,  and  is  likewise  produced  by  the  action  of  nitric  acid  on  wax, 
Hjiermiicetic  and  other  fatty  bodies.  Sacc  obtained  it  by  the  action  of  nitric  acid  on 
linseed  oil. 

Laurent  prepares  it  by  boiling  200  or  300  prms.  of  oleic  acid  for  twelve  hours  with  lui 
equal  weight  of  nitric  acid,  oohobating  the  distillate  from  time  to  time.  The  nitric  acid 
is  then  decanted,  the  undissolved  portion  again  treated  with  a  quantity  of  nitric  acid 
equal  to  the  former,  and  the  ebullition  continued  for  another  twelve  hours  This 
operation  is  repeated  six  or  seven  times  till  only  about  a  fifth  of  the  oleic  acid  rcomains 
undissolved.  The  decanted  portions  of  nitric  acid  are  then  united  and  evapoirated 
down  to  one-fourth.  The  residue  left  to  itself  for  twelve  hours  deposits  granules  of 
suberic  acid,  which  are  to  be  pressed,  moistened  with  cold  water,  again  submitted 
to  pressure,  and  the  expressed  liquids  evaporated,  the  vessel  being  coolad  from  time  to 
time,  and  the  suberic  acid  which  separates  removed.  This  acid  may  be  recognised  by 
forming  granules  which  are  soft  after  bein^  pressed  with  a  glass  rod.  Gradually, 
however,  pimelic  acid  begins  to  separate  in  hard  sandy  grains,  mixed  at  first  with 
suberic  acid,  which  is  easily  removed  by  levijpition  with  water.  Bv  a  new  evaporation 
more  pimelic  acid  is  obtained,  bat  it  crystallises  very  slowly,  the  deposition  not  being 
complete  for  several  days.  The  evaporation  must  not  be  pushed  too  far,  because  the 
mother-liquor  contains  other  adds  of  still  greater  solubility.  The  pimelic  acid  may 
be  freed  from  adhering  suberic  add  by  means  of  alcohol,  which  easily  dissolvea  tfaie 
Litter,  and  finally  purified  by  ciystallisation  from  boiling  water. 

Pimelic  add  forms  grains  of  about  the  size  of  pins'  heads,  appearing  under  a  magni- 
fying glass  as  groups  of  crystals,  the  form  of  which  cannot  be  made  out.  It  is  inodo- 
rous, but  has  an  acid  taste.  It  melts  at  about  114^ (Laurent);  at  134^  (Bromeis): 
distils  at  a  high  temperature.  1  pt  of  the  add  dissolves  in  36  pts.  water  at  18^ ;  it  is 
very  soluble  in  boiling  water,  also  in  warm  alcohol  and  ether ;  it  dissolves  also  iu 
hot  strong  sulphuric  acid.  When  heated  with  hydrate  of  potassium  it  gives  oflT  hydro- 
gen without  blackening.  The  residue  contains  oxalic  add,  and  when  treated  with 
mineral  acids  gives  off  a  volatile  acid  resembling  valerianic  add  (Gerhardt) : 
C'I1»«0«   +   2HK)     -     C»H«0«  +   C*H»H)«  4-   2H«. 

Pimelic  acid  is  dibasic,  but  only  the  neutral  salts,  CH'M'O*  and  C*mrO\  uv 
known.  ~ The  ammonium-^t  ^ves  off  ammonia  when  boiled,  and  gradually  on  expo- 
sure. The  acid  neutralised  with  ammonia  does  not  predpitate  the  salts  of  barium, 
strontium,  calcium,  ma^esium,  manganese  or  dnc  with  lead-salts  it  forms  a  white 
predpitate,  apparently  insoluble  in  water  and  in  alcohol ;  with  ferric  salts,  a  light-red 
predpitate ;  with  mercuric  chloride,  a  white  predpitate. — ^The  copper-salt,  C^**Cq''0*, 
18  a  blue  precipitate,  insoluble  in  water  and  m  alo^hoL — The  silver-salt,  C^A^O\  is 
likewise  obtained  by  predpitation. 


VmCBXiZO  BTSaxS.  PimelaU  of  methyl,  C«H>«(CH*/0«,  is  prepared  like  the 
ethyl-compound  and  decomposes  in  like  manner  when  boUed. 

Pimefate  of  Ethyf,  C"H«^«  -  (rH»*(C»H»)«0\  is  obtained  hj  the  repeated  action 
of  hydrochloric  acid  on  an  alcoholic  solution  of  pimelic  add.  The  portion  which  is 
volatile  below  lOO*'  is  distilled  ofl^  the  residue  neutralised  with  carbonate  of  sodium, 
and  the  dark  red  oil  thereby  separated,  which  increases  in  onantity  on  farther 
addition  of  water,  is  dehydrated  with  chloride  of  caldum.  The  liquid  thus  obuined 
has  a  fruity  odour,  and  gives  by  analysis  61*44  per  cent  C  aad  976  H  (cale.  61*11  C 
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and  t'^ii  H),  It  b«giD#  to  boU  &t  lSf^°,  but  the  boiling  point  gradudly  ri^es,  chnrcotd 
B«pAmt«K  mad  a  liquid  PMM*  ot^^i*  which  efferTeM?««  vith  carbon&te  of  eodium,  and 
appeim  to  be  ttkyl-pimHie  odd,  C'H"(C<H*)0*.  It  gare  bjr  aiiHljrsii  67  03  per  cent, 
C  and  910  H  (calc  67*44  per  cenL  C  and  8'50  H),  (Marsh,  Arm,  Ch.  FharnL  ciT. 
126.) 

PiirutaU  of  Amyt,  C*'H»0*  -  C*H'^C»H")'0*.— Propawd  HJte  the  pmeding  com- 
pjimd.  Dark-n;d,  somewhat  oily  liquid  having  a  penetjstio^  but  not  unpleaaant  odour. 
Boilii  between  170^  and  200°,  Inaolublein  wat«r«  lolublc  in  alcohol  and  ether  (aiiai 
67-64  C  and  10  90  H ;  calc.  68-00  0  and  10'67  H).    (Ma rah.  Ice,  cit) 


VZUKSl^Sxa.  A  name  applied  to  seTcral  gtvatt  nidceliferoiui  Bilicaies : — a.  Qrten 
chryHopriise  oarth,  a«!ompAnying  chr^toprase  in  Silaaia  (Klaprotb,  Bdtrdae,  iu  184). 
— /*.  ii loeki^t  a  Alieitf^  a  massive  gT«en  minOTai  from  Sileaiaf  meagre  to  thetoocfa,  of 
apoeitic  gravity  1*468.  G'viv%  off  water  when  hraLted;  is  infiiaible  belbfe  the  blcywpipe; 
rields  metallic  nickel  bj  redactioD  with  aodte  carbonate  (C.  Schmidt,  Pogg-  Ann. 
Ixi,  388). — c.  A  iimilar  mineral,  but  greasy  to  the  touch,  and  of  specific  gravity  2'71— 
2  76,  Behaves  before  the  blowpipe  Uke  talc,  and  gives  the  feactjons  of  nickel  De- 
oompoaed  by  adds  lK>th  before  and  aAor  ignition  (Baer,  J.  pr*  Chem.  Ir.  49) ; 
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The  first  of  these  minerals,  if  the  iron  be  eupposf'd  to  ci:ist  as  ferrous  oxide  and  tlie 
alumina   be  reckoned  with  the  acid,  may  perhapa  bo  repreaented  by  the  formula 

(Ni"0  ;  Fo^O  ;  Mg''0),2Si0l7H»O.    The  tecood  baa  the  composition  ||^!^('.^0*- 

H*0.  The  third  may  be  represented  by  the  feffmuk  «J(Mg'0  ;  Ni"0)»SiO*],2(2R*0*. 
3SiO').l8H*0.  This  minenil  contains  ofganie  leraauis,  containing  0-44  per  cent 
carbon  (acooiding  to  Bayer]«  It  loses  8*8  per  cent,  vater  at  U0<^^  and  21-37  per  cent,  at 
a  reti  b^iit, 

9ZVtMKTO,  OI&  or«  A  volatile  oil  obtained  from  the  £roit  of  Myrtut  PinunUt, 
t>ie  pods  of  which  yii^ld  10  per  cent  and  the  aeeds  5  per  cent  oil  (6ooaBtre»  J. 
Pbarm.  xi.  187X  'I'be  cmdis  oil  is  viaoona^  has  a  pale  yellow  or  light  brown  colour, 
and  strong  refracting  power ;  spectfle  grmri^  «  1*03  at  8^.  It  resembles  o\X  of  clovtrs 
in  taste  and  smell,  and  reacts  like  that  oil  with  sit(pAiim  aeid^  nitric  acid,  and  iodifu  ; 
dissolves  completely  in  aicoKol  and  tthtr. 

By  treatment  with  strong  poUuk4ey,  it  is  resolved  into  eugenic  add,  C'*H'*0* 
(ii.  604),  and  a  hydnzicarbon  polymeric  with  oil  of  turpenttnef  probably  C'*H***  This 
hydroeiiirboo  is  a  colourless  nilher  risdd  oil,  smelling  somewhat  like  oil  of  turpentine, 
and  exhibiting  feeble  IfEvo-rotatory  power.  Specific  gmvity  0'98  at  18*^.  Boiling-point 
2  65.     (C.  Oeser,  Ann.  Ch.  Phitrm.  cxxxL  277  ;  Bull.  Soc;  Chim.  1866, 1  434.) 

ntSFXirSLLA,  aZXi  or.  The  volatile  oil  obtained  by  distilling  the  root  of 
Pimpinelia  tari/raga  with  water,  has  a  golden-yellow  colour,  a  viscid  oonststenoe,  a 
bitter,  irritating  taste,  and  is  resinised  by  strong  adds.  The  oil  obtained  in  IOlo 
manner  from  Pimpinrlta  nigra,  a  variety  of  P.  $axy'mffa,  is  light-bine  and  viscid  (BleVt 
TrommsdorfT,  N.  J*  xii.  [2]  29).     Oil  of  anise  (i.  297)  ia  obtained  from  PimpineUa 

rnrACO&IW.  C*H»*0.  (Fittig,  Ann,  Ch,  Pharm.  cxiv.  64,)— An  oily  body  pro- 
dLict^d  by  the  drhyd ration  of  pinacone^  either  by  distilling  the  crystallised  hydnte  of 
pinacom?  with  sulphuric  or  hydrochloric  acid,  or  by  subjecting  fused  pinacone  to  the 
adjou  of  dry  chlorine  gas.  It  i»  colourless,  ha«  an  odour  of  peppermint,  a  specific 
gruvity  of  0  7999  at  16*^.  and  boils  at  105°  It  is  insoluble  in  itater,  but  mixes  in  all 
proportions  with  alcohol  and  tiher.  It  does  not  unite  with  acid  sulphites  of  aDcali- 
metal.  With  strong  nitric  arid  it  yields  red-brown  oily  nitro-compounds.  When 
Milfjectfd  to  the  action  of  dry  chlorine  in  diffused  daylight,  it  is  cod  verted  into 
dichloropinacolin,  C*n**ClK),  which  is  a  heavy  visdd  oil,  §olidifyiu2 sfler a  while 
iij  cclourlesa,  needl©^hap»>d  crystals.  It  acts  on  the  nose  and  eyes  like  dichloracetone 
(i.  30),  melts  at  61**,  boils  at  178*^,  is  nearly  insoluble  in  cold  water,  and  sparingly 
snluble  in  hot  wnttJT*  from  which  however  it  CTystallises.  Its  solution  in  ether  or  in 
absolute  alcohol  is  predpitaled  by  water. 

FHf  A.COWS.  CH'^0*.   (Fittig,  Ann,  Ch.  Pharm.  ex.  28  ;  Jahreeb.  1869,  p.  342. 

^-Stadeler,  Ann.  Ch.  Pharm.  cxi.  277;  Jaliresb.  1859,  p.  346w— Friedel,  Ann.  Ch. 
Pharm.  cxsuv.  324  ;  Jahresb.  1862.  p.  4(H.— ^Linnemanni  Ann.  Ch.  Pharm.  SuppL 


648  PINACONE. 

ill  374)  —This  body,  isomeric  with  hexylene-glycol,  (C*H'*)*H*0',  is  produced  by  the 
actioii  of  sodium,  or  better  of  sodium-amalgam,  on  aqueous  acetone : 
2C>H«0     +     H«       -       C*fl»*0«. 

On  distilling  the  resulting  alkaline  liquid,  which  also  contains  isutntylic  alcohol,  hjdrate 
of  pinacone,  C*H**0'.6H*0,  is  found  in  thekst  portion  of  the  distiilktis  and  crystalliws 
on  cooling  the  liquid  to  a  low  temperature.  This  hydrate  is  resolved  bj  further  dis- 
tillation into  water  and  pinacone,  which  are  easily  'separated  by  (actional  distillalion, 


and  Ax>m  the  first  fraction,  pissing  over  between  170^  and  180-^,  the  pinacone  may  be 
obtained  pure  by  repeated  slow  distillation.     (Linnemann.^ 

Pinacone  exists  in  two  modifications,  one  liquid,  the  other  solid.   Liquidpinaeone 


is  a  colourless  syrup  which  has  a  specific  gravity  of  0*96  at  16°,  does  not  solidiiy  at 
0^  boils  at  176^—177°  under  a  pressure  of  0738  met ;  is  soluble  in  water,  but  soon 
separates  from  the  solution  as  a  crystallised  hydrate  melting  at  46 '5  ^  If  protected 
from  moisturti,  it  changes  gradually  but  spontaneously  into  the  solid  modification. 

Solid  pinacone,  when  freed  from  the  last  traces  of  the  liquid  modification  by 
pressm^  between  paper,  and  purified  by  distillation,  is  a  snow-white,  fin^y  crystalline 
mass,  which  gradually  softens  and  melts  between  35°  and  38°,  and  boils  at  171° — 172° 
under  a  pressure  of  0*739  met,  givinpr  off  a  colourless,  inodorous,  thiddsh  liauid  which 
KX>n  solidifies.  It  dissolves  readily  in  cold  alcohol  and  ether,  spanngly  in  cold  sulphide 
of  carbon f  and  crystallises  from  boiling  sulphide  of  carbon  in  small  needles.  By  spon- 
taneous  eyaporation  of  an  alcoholic  or  ethereal  solution,  it  is  obtained  as  a  radio-crys- 
talline mass  made  up  of  small  needles.  It  is  sparingly  soluble  in  cold  waUr,  eamly 
in  hot  water,  but  quickly  separates  from  the  solution  as  hydrated  pinacone,  meltiiig 
at  46*5°.    (Linnemann.) 

Pinacone  in  either  modification  is  easily  reconverted  into  acetone  by  the  action  of 
acid  chromate  of  potassium  and  sulphuric  acid,    (Linnemann.) 

Hydrated  pinacone,  C^"0«.6H«0  (re^ardfd  by  Fittig  and  by  StSdeler  as 
C"H'K).7H«0).  Obtained  by  the  direct  combination  of  pinacone  with  water,  or  in 
lai^er  quantity  by  the  action  of  sodium-amalgam  on  aqueous  acetone  (trid.  suo.). 
It  18  a  light  transparent  substance  usually  crystallising  in  thin  four-sided  tablets 
(hence  the  name,  from  v£ra{,  a  table),  but  sometimes,  according  to  Stiideler,  in  long 
prismatic  crystals.  When  pure  it  is  perfectly  inodorous.  When  kept  in  do  e  Tessels 
It  volatilises,  and  sublimes  from  one  part  of  the  vessel  to  another,  even  at  ordinary 
temperatures.  It  is  sparingly  soluble  in  cold  ivalrr  and  tthrr^  easily  soloblein  alcohol, 
and  may  be  recrystalused  fr>om  hot  water.  It  melts  at  46*6°  to  a  colourless  liquid 
which  solidifies  on  cooling.  It  is  resolved  by  dry  distillation  into  pinacone  and  water, 
but  volatilises  undecompo^ed  with  aqueous  vapour  (Linnemann).  By  distills tion  with 
sulphuric  or  hydrochloric  acid,  or  by  ezpoKure  in  the  melted  state  to  the  action  of  dxy 
chlorine,  it  is  converted  into  pinacolin.    ^St&deler.) 

Fittig  appears  to  have  obtained  two  other  hydrates  of  pinacone,  via.  0^"0*.2H*0 
and  C^^O«.H'0. 

BenmopinaooBe.  CH^*  (Linnemann,  Ann.  Ch.  Phann.  czxziii.  26).  This 
compound,  related  to  benzone  (phenyl-benzoyl,  p.  478)  in  the  same  manner  as  pinacone 
to  acetone,  is  produced  by  the  action  of  sine  and  dilute  sulphuric  acid  on  benzone : 

2C»«H»«0  4.  H«  -  C"H«0«. 
To  prepare  it,  1  pt.  of  an  alcoholic  solution  of  benzene  saturated  at  16°,  is  added  to 
6  pts.  of  a  mixture  of  1  pt  oil  of  vitriol,  1  pt.  water  and  4  pts.  alcohol,  and  as  much 
granulated  zinc  is  added  as  can  be  just  covered  by  the  liquid.  On  leaving  the  mixture 
to  itself  for  a  few  days,  the  benzopinacone  is  gradually  deposited  as  a  crust  on  the  zinc, 
and  that  which  still  remains  dissolved  may  be  separated  either  by  distilling  off  the 
alcohol  or  by  precipitating  with  water.  The  portion  attached  to  the  ainc  is  easily 
loosened  by  treating  the  zinc  with  dilute  sulphuric  acid,  and  the  whole  may  then  be 
separated  by  levigation,  and  purified  by  repeated  crystallisation  from  boiling  alcohol. 

^nzopinacone  cnrstallises  m  microscopic,  transparent,  well-defined  prisms,  sparingly 
soluble  in  boiling  alcohol,  easily  in  ether,  chloroform  and  sulphide  of  carbon.  It  melts 
between  170°  and  180°,  without  solidifying  again.  By  fusion  and  distillation  it  is 
converted  into  an  isomeric  modification. 

Benzopinacone  is  intermediate  in  composition  between  benzone  and  benzhydrol 
(p.  47S),  and  is  converted  into  the  former  by  oxidation  with  dilute  chromic  acid  : 

C"H"0«     +     O       -       2C"H»»0     +     H«0; 

and  into  the  latter  by  the  action  of  sodium^malffam  on  its  alcoholic  solution : 

C««H«0«     +     H«       -       2C'*H»«0. 

Benzopinacone  boiled  with  excess  of  chloride  of  benzoyl,  gives  off  hydrochloric  acid. 
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und  IP  ocmrertcd,  bj  almtnietioti  of  1  at  waleTt  into  a  subntiioce  bartng  the  compo«trion 
C**H**0,  iind  reLit«d  to  bensopinacotie  in  the  aame  maoxipr  m  piancolin  (p.  047)  to 
pmwcne.  By  trr«iitig  the  proaurt  with  tttioog'  aqtieouB  poUiflli,  exbnuNting  the  rpjridu&l 
p«>wdGr  with  cthr*r,  and  rp«T»t4Uif<ing  from  boiling  ben2«'n<».  tb*'  <rompound  C*H*0  is 
ttbtAinM  lu  ft  while  indi*tint'tly  crjatiiUioc  powdor»  aoluble  in  boiJing  alrohol,  rther  nnd 
b«^nx«no,  and  melting  at  182°.  It  diffcri  ^m  benishjdrelic  ether  (p>  478)  hj  oalj  2nr, 
hydrogen ;  nererthelen  it  is  not  conr«rt€d  into  thut  body  by  tre&tnient  with  eodiuni- 
amalgRm. 

liobrntopinacone. — BensopiBaooQe  ii  conTert«d  by  fasion  or  distillation  into  a 
liqtiid  which  hns  the  same  compomtion,  bat  doe«  not  solidify  even  at  —15*'.  Thia 
mcKitticBlion  o(  benaopiaacone  is  a  «ympy,  strongly  refractmg  liquid,  which  Itoits  with* 
out  dt^com position  at  297  d^  under  a  pressure  of  0733  met.,  and  hits  a  spi^ciflc  granty  of 
1  10  at  19'^,  By  transmitting  a  cone  of  light  thrungh  it  in  a  dHrkened  8pA^*«s  a  blue 
fluoiwacence  isprodn^Ted.  It  dissolves  easily  tn  cold  alcohol^  ether  and  b«iisetie.  With 
chlonde  of  bftnsogrl,  it  giT«*  off  hydrochloric  acid,  but  forms  a  fluid,  not  a  solid  product. 

SoUd  hobengopinaeone, — When  the  liquid  modification  just  described  is  left  to 
itself  fior  some  montha,  it  tolidifi^w  gnduaUy  but  completely^  forming  u  substam'c  which 
dissolves  easily  in  oold  alcohol,  ether  and  beosene,  and  meltt  nt  31^,  wher^'As  tlio 
tnclting^poiot  of  ordinary  bencopinaoone  is  between  170^  and  180'\  It  is  conrerte*! 
with  e3Ltr»L>rdiDary  fiicility  into  the  fiutd  modiflration,  remKining  in  the  liqnid  forni 
when  iti«  st>lutions  are  left  to  evaponite,  and  undergoing  complete  liquefjielion  wbeu  an 
Mt tempt  is  made  to  pnlrerise  it. 

Both  the  liqnid  and  the  solid  inodiflcation  of  isobencopinaconpf  when  treated  with 
soJium-amttlgAm,  are  conrerted,  like  benxopitiaeone  itself,  into  benshydroL 

FUiCaitSCK*  An  alloy  of  copper  and  sine,  usnally  containing  about  9  pta. 
cui»[R'r  lu  I  j»f.  zinc.     (See  Cupfrh,  Aixots  of,  ii.  49*) 

ynra^OZXi  or  Fir-oil.  Thesf  names  are  applied  to  certain  oils  ri*»eml»ling  orl  of 
turpi  ntine,  ohtiiinwi  in  VHriotjh  wjiys  fn^m  pine  and  fir-trees.  An  oil  of  this  kind  in 
extracted  in  th**  Bla^'k  Forest  from  the  seetls  of  Finut  piera  and  PtnttM  nhteji,  It  is 
limpid,  of  poldrn'jellow  (x>lour,  verv  mobile,  dries  mpidlyj  and  does  not  solidify  till 
rtxiliHl  to  jtbtiut  —30^.  It  is  used  in  the  pri^peration  of  colouns  nnd  varnishes 
(Oerhardt's  Traiti^  ii.  901).  A  similur  oil*  formerly  used  in  mrdicine,  im  prepiir<^ 
b,v  distilling  the  young  branches  and  needles  of  the  dwarf  pine  {jHniis  l*umliio)  with 
wrtter.  It  is  molnle.  has  a  faint  yellowish  colour  and  sgreeaible  baleiamic  odour ;  a 
fe|jecific  gravity  of  0  893  at  17^  ;  and  Ixjils  at  162**.  By  rt'ctifirntiun  with  water  and 
di  hydration  over  chloride  of  calcium,  it  is  obtained  cHjIonrhf*?.  llydmtf  of  potassium 
immersed  in  it  become*  covered  with  a  brown  r*  sinons  (mbnt>iDee.  By  repeated  trfnt- 
mpnt  with  pntjtsMiitm  and  rectifirtition  in  a  str»im  of  carbonic  anhydride,  it  yiiMs  a 
hydrot^irl>oti,  C'*H'*,  lew*  fragmnt  thai  the  original  oil,  having  a  specific  gravity  of 
OHJn  nt  17",  Ijoiling  at  161*^.  Thia  hydrocarbon  is  larvo-rotatory,  a  fctmtum  26  cm. 
thick  turning  the  phme  of  polarisation  iS^  to  the  left.  It  absorbs  hydrfwhloric  and 
ga»«.  forming  a  yellow  liquid  compound  C'*H".1IC1,  of  specitlc  gmvity  0-982  at  17*^,  and 
smelling  ^.^mewhiit  like  oil  of  thyme.    (M ikolasohp  Jnhresb.  18G0,  p,  478,) 

The  following  are  the  qnantitiraof  oil  fitracted  by  sulphide  of  carbon  from  I  he  seeds 
of  variouN  Fpecies  of  IHnus  (dried  at  100^).  The  shelled  seeds  of  Pinus  fy/tws/rw  yield 
from  20  3  to  234  per  cent,  oil ;  of  P.  Picto,  7*8  :  unshelled  seeds  of  P.  Crmhra,  2»-2 ; 
shelled  seeds  of  the  samo,  86'6;  nushelh^d  fieeds  of  P.  Strobus,  298  ;  of  P.  Af/irs,  20^6  ; 
of  P.  Larir,  17  8  ;  of  P.  Pumilio,  \T&\  of  P.  canadmtU,  Hi— 12 '9;  uf  P.mariUm^, 
2'i'd— 25*0.  All  the  seeds  examined  weni  seyerol  years  old.  (Wagner^  DingL  pol. 
J  dx.  4^6;  Jahresb.  18ft0,  p.  71*0 

FZirs-9XSIVS.  a.  Rtsins  of  Turpeniinti, — Turpentine,  the  rettioous  juice  which 
exudof*  si^otitauiously,  or  from  incisiuiiA  in  the  stems  of  firn,  pinci?,  and  other  coniferous 
trees,  is  a  mixture  of  a  Tolntilo  oil  (C"H'*)  with  a  reain  called  colophony,  C*H**0* 
(i.  1087)t  prolmbly  fornjed  by  oxidation  of  the  Tolatik'  oil: 

*2C"H'»  +  0»  ^  C*H""0*  +  HK). 
This  resin  is  chiefly  a  mixture  of  two  isomerie  acids,  namely,  sylvic  acid,  which  is 
crystalline^,  and  pinic  acid,  which  is  amorphous.  The  turpentine  which  exudes  during 
the  winter  months  from  incisions  made  towards  the  end  of  trntamu.  solidifies  ronnd  the 
edges  of  ihp  incisions  io  opaque  yellowish -white  crusts,  calW  gallipot,  consisting  of 
a  mixture  of  essential  oil  of  tnrjicntine  with  another  crystalUne  reeinous  scid,  called 
pi  marie  acid  (p.  044),  likewise  having  the  compoeition  C*H*H>*.    (See  these  sevcnil 

acids  ;    ulsO  TuHPBHTIMa.) 

0,  Re9ifi$  of  Pintm  Ajfltitjttn'f.^ — The  needles  of  the  Scotch  fir  contain  seT*»ral 
resinous  maitcra,  which  have  been  examined  by  Kawalier  (Wien,  Akad.  Ber.  xi.  3it 
xtii.  325). 
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L  Kinowus  acid,  CH'*0*  [?].— To  obtain  this  add,  the  needles  are  cnt  up  and 
boiled  with  alcohol  of  40°  ;  the  alcoholic  decoction  ib  distilled  in  the  water-bath,  the 
greater  part  of  the  volatile  oil  then  passing  over  with  the  alo^ol ;  and  the  distilhite  is 
mixed  with  water.  It  is  thereby  se^iarated  into  a  dark  green  resinous  mass  eontaining 
ceropic  acid  ^L  836),  kinorous  acid,  a  small  quantitj  of  volatile  oil,  and  a  turbid 
watery  liquid  m  which  pinipicrin,  sugar,  tmces  of  citric  add,  oxypinitannic  add,  and 

Einitannic  add  remain  dissolved.  The  needles  exhausted  with  alcohol  still  contain  a 
ttle  pinipicrin  and  jelly.  The  resinous  mass  ui  dissolved  in  alcohol  of  40^ ;  an  alco- 
holic solution  of  nf>utral  acetate  of  lead  is  added,  which  throws  down  impure  ceropate 
of  lead ;  sulphydric  add  gas  is  passed  into  the  filtrate  ;  and  the  precipitated  mixture 
of  chlorophyll  and  sulphide  of  lead  is  separated  by  filtration.  The  now  yellow  filtnit<> 
deposits,  after  the  alcohol  has  been  distilled  off)  a  semi-fluid  resin,  whidi  dissoIrcM  in 
very  dilute  potash-ley,  to  a  lig^t  brown  liquid,  from  which  the  resins  may  be  predpi- 
tated,  in  combination  with  lime,  by  chloride  of  caldum.  These  resins  are  filtered  off 
and  washed  with  water,  and  the  filtrate  and  wash-water  are  predpitated  with  a  slight 
excess  of  hydrochloric  add,  whereby  faintly  yellow  fiocks  of  kinovons  add  are  precipi- 
tated, to  be  purified  by  redissolving  them  in  dilute  potash,  treating  the  solution  witli 
animal  charcoal,  and  precipitating  the  filtrate  with  hydrochloric  acid. 

KinoToos  acid  is  a  white,  or  slightly  yellow  brittle  mass,  yielding  a  strcmgly  electric 
powder.  Its  solution  in  lime-water  yiAlds,  with  nitrate  of  sQver,  a  predpitate  having, 
according  to  Eawalier,  the  composition  2C**H**0'.5AgH)jaH). 

2.  Resin^  C'*H**0*. — ^The  compound  of  resin  and  lime,  predpitated  by  chloride  of 
caldum  In  the  preparation  of  kinovous  add,  dissolves  almost  completdy  in  ether ;  and 
if  the  solution  be  evaporated,  the  reddue  dieted  in  alcohol  of  40^,  the  solution  a^ain 
evi^rated,  and  the  residue  treated  with  dilute  hydrochloric  add,  chloride  of  calcium 
dissolves,  and  a  brownish-yellow  resin  is  left,  having  the  oompodtion  just  mentioned. 
^Vhen  distilled  with  hydrate  of  caldum,  it  jrields  two  oils  containing  respectively 
(y*H1H),  and  C^H'*0,  both  of  which,  when  twice  distilled  over  pho^horio  anhydride, 
are  converted  into  an  oily  hydrocarbon,  C'*H'*.  The  resin  diopt  in  the  fused  state 
upon  soda-lime  heated  to  220^,  splits  up  into  oily  products  comparatively  rich  and 
comparatively  poor  in  oxygen  (Kawalier).    See  Chnelin's  Handbook,  xv.  33. 


'  or  Malabar  tallow.  A  fat  obtained  by  boiling  the  firuit  of 
Valeria  indica,  a  tiliaceous  tree  indigenous  in  Malabar.  It  is  a  whitish-yellow,  waxy 
mass,  having  a  fiiint  agreeable  odour,  a  density  of  09625,  melting  at  37*6^,  slightly 
soluble  in  odd  alcohol  According  to  Marcet  and  Babington,  it  contains  77 'Op^  cent, 
carbon,  12*3  hydrogen  and  10*7  oxygen.    (Gmelin*s  Handbook,  xvi.  400.) 

VZVCmxa.  A  mineral  from  Wolkenstdn  in  Saxony,  resembling  chloropal 
(i.  921),  but  having  a  sreasy  feel  and  specific  gravity  2*3 — 2*35.  Contains,  according 
toEersten  (Schw.  J.  IvL  9),  36*90  silica,  1*80  alumina,  29*50  ferric  oxide,  6*10 
ferrous  oxide,  0*4  manganous  oxide,  0*45  magnesia  and  25*11  water,  which  may  be 

represented  approximately  by  the  formula  (2Fe''O.3SiO*).4({?«O'.2Si0*).30H*O. 

Chramenite  fh>m  Mengenberg  in  the  Siebengebirge,  has  nearly  the  same  composition, 
viz.  38*39  per  cent.  SiO«,  6*87  A1«0»,  25*46  Fe«0«,  0*56  CaO,  0*67  MnO,  0*75  MgO 
and  23*36  water.     (Bergemann.) 

PZVZC  JlCID.  C*H"0*.  A7norj>hou8  resin  of  colophony.  Alpha-resin  of  turpen- 
tine. ^B  e  r z  e  1  i  u  8. ) — This  add,  iiiomeric  with  sylvic  and  with  pimaric  add,  constitutes 
the  pnndpal  portion  of  colophony  and  appears  to  be  identical  with  amorphous  pimaric 
acid  (p.  644).  To  extract  it  from  colophony,  that  substance  is  treated  with  cold  alcohol 
of  72^,  which  dissolves  it  in  preference  to  the  crystallisable  sylvic  add.  The  liquid 
precipitated  by  an  alcoholic  solution  of  cupric  acetate,  yields  a  salt  whence  the  pinic 
add  may  be  separated  by  means  of  any  mineral  add. 

Pinic  add  is  an  amorphous  resin,  exactiv  like  colophony,  insoluble  in  water,  but  soluble 
in  alcohol,  ether,  and  oils,  both  fixed  and  volatile.  It  melts  when  heated,  and  decom- 
poses at  a  higher  temperature.  With  the  aid  of  heat  it  decomposes  carbonates,  and 
separates  the  fatty  acids  from  the  alcoholic  solutions  of  thdr  soaps.  (Unverdorben, 
Pogg.  Ann.  xi.  27.) 

PZVZCOSSBTZV.  C**H»0»r?].  (Kawalier,  Wien.  Akad.  Ber.  xi.  359.)— A 
substance  occurring  in  the  bark  of  Uie  Scotch  fir  {Pintis  sylvestris).  The  bark  of  the 
upper  parts  of  the  stem,  after  being  freed  from  the  outer  rind,  is  cut  in  pieces,  and 
boiled  with  alcohol  of  40  per  cent ;  the  ceropic  acid  which  separates  firom  the  decoction 
on  cooling  is  separated  by  filtration  ;  the  greater  part  of  the  alcohol  is  evaporated  ;  the 
residual  liquid  is  mixed  with  water ;  and  the  turbid  solution  is  treated  with  neutral 
acetate  of  lead,  whereby  pinieortannic  acid  and  pinicorrotin  are  predpitated,  while  cor- 
tepinitannic  acid  (ii  85)  and  sugar  remain  in  solution.    The  washed  lead-predpitate, 
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digMl«d  with  yery  diluU  fu^Hc  acid,  seoMfaiet  ldIo  puiicorfiuiitk  add  (in/ra),  vhidi 
diflSotTM  (and  may  be  obtained  b j prscipfitfttiiig  villi  bttsie  ACsCAto  of  lejid»  deoompo»mg 
the  {mnnpitafe  with  sulphydric  neid,  uid  ervupofsting  the  filtmts  out  of  eonUct  with 
mirX  and  a  dark-coloured  gtutiuaus  restdoe,  aoluble  in  atjwng  alcohol  On  trestixig  the 
■olnliaQ  with  eulp^hydric  add*  and  evaponting  the  lUtered  liquid,  pinioorretin  remains 
behiDd,  and  ntaj  b#  tmrified  by  aolatioii  in  alcohoL 

Piiiicon«itni  ia  a  buu:k-brown  elnCiitoiiii  nuiaa,  yerj  tli|$btly  aoluble  in  ammoiiiA.  The 
ammoiiiaeal  aolntion  yielda,  wi3i  cUoiide  of  boriam,  red-bitiwn  flodca  containing 
4Ba''0.SC"H"0». 

WStfXOOWtTAsnrTC  ACtn,  C"^"0"[?].  (E&walier,  Wten.  AlLiid.  Ber,  xi 
360*) — An  ncid  (^iH^uiring  in  the>  bark  of  Pinus  ti^h^esirit,  and  obtainod,  aa  aboTe,  in 
the  preparutioii  of  ptDiLHjrrf'tii].  It  is  also  produced  when  the  solution  of  cortepinitannie 
acid  (ti.  86)  ia  eraponited  in  contact  with  air.  It  ia  a  red-brown  powder,  converted  bj 
boiling  with  water  containing  hydrochloric  acid,  into  a  bright  red  powder  containing 
3C*'H*0'*  H*0.     It!  aqneoQi  aolution  coloure  ferric  chloride  gre«n. 


C»H*K)'».  (Kawalier,  Wien.  Akad.  Ber.  3d,  350,  xili,  515,)— A 
biticir  BubifUince  oocnrring  in  the  needles,  inner  back  and  outer  bark  of  the  Scotch  fir 
{Pinut  sjfltfeMiris),  and  in  the  green  parts  of  7%uja  ocddmtaiiM. 

Pnparoiion.. — ^The  comminuted  needlaa  of  the  Scotch  fir  (or  branchea  of  Th^ja^  are 
eKhansted  with  alcohol  of  -lO^ ;  the  alcohol  ia  diatiHed  off  from  the  decoction  ;  and  tha 
raaidne  i»  n)i]c«xi  with  wut<*rf  which  aeparatea  a  green  maaa  ot  reain  ^aenring  for  the  pre- 
paration of  kioovous  acid,  p.  649),  while  the  Bup^rnatant  turbid  liquid  retaini  in  eolution 
pinipierin,  nugar,  lrao(i«  of  citric  acid,  Oixypinitannic  acid,  and  pinitunnic  ncid  This 
liquid  i«  mixed  with  a  few  dropa  of  neutral  ac€iato  of  kad,  which  renders  it  filtruble  ; 
Hi*y  filtotc  is  mixed  with  excesa  of  that  reagent,  which  throws  down  oxjpiuitjinuato  of 
lead;  then,  after  another  lilrmfioa,  pinitannate  of  lead  is  precipitated  bj  the  baiic 
aoelate;  thie  ia  alao  aeparated  by  filtration  after  the  liquid  has  ixtoled ;  and  tb^  fUtxivte 
ia  aaturated  with  aulphydric  acid.  The  liquid,  fre«d  from  eulphida  of  lead  and  erapo- 
lated  in  a  atfeam  of  carbonic  acid,  leavee  a  rtwidue  of  the  conttatence  of  an  cxtra4*l, 
trrna  whiAi  anhydiooB  ether-alcohol  extracts  the  pinipierin  and  learee  the  engar.  A 
•mall  quantity  of  foreign  matter  ia  prt'cipttated  from  the  aolution  by  bade  acetate 
of  iaad ;  the  filtrate  ia  treated  with  aulphyaric  acid ;  the  sulphide  of  l^id  \a  removed, 
11  nd  the  liquid  eraponited.  By  repeatedly  diaaolriog  the  residue  led  after  the  ethi^r- 
nJcohol  faae  be>en  diatiUed  off,  in  fraah  quautitt««  of  nnhydrous  alcohol  containing  ether, 
us  long  aa  any  inaoluble  matter  ia  left>  and  evaporating  the  solntion,  pinipicnu  is  at 
length  obtained,  atill,  bowerer,  contaminated  with  acetic  add,  which  adberee  to  it  ob- 
atinatdj,  but  may  be  remored  by  agitation  with  a  little  pure  ether  (which,  how<fiVpr,  at 
the  same  time,  remonni  a  little  pinipierin).  The  neadlea,  after  exhauation  with  alcohol, 
atill  reUin  a  little  pinipierin,  which  may  be  obtained  fro>m  the  aqueoua  de^'oction  in  the 
«uiine  manner  av  from  the  alcoholic. 

Ffopertift, — Pinipierin  ia  a  bright  yellow  powder,  which  aoftena  at  &5^,  beootnea 
viscid  tit  HO^,  tjnnspareut  and  mobile  at  100^,  and  aoHdifiee  on  cooling  to  a  browniah- 
y<»Uow,  brittle,  friuble  maaa.  It  ia  hygroscopic,  and  baa  a  strong  bitter  taate.  It  ia 
very  soluble  in  wtUeft  diasolTee  alao  in  alcohol ^  ether-alcohol,  and  ojfueoita  ether,  but  not 
in  pure  ether. 

Finipicrin  iwells  up  alrongly  when  heated  on  platinum-foil,  and  leaTea  a  difficultly 
eombuatible  charcoal.  The  aqUK»ua  solutionf  when  heated,  instantly  gives  off  the 
odonr  of  oricinol  (ii.  499),  and  is  completely  resoWed  into  this  substance  and  glucoae: 

C"HwO»»     +     2HK)         -         2OH"0*     +     C**H'»0. 

In  t^onlact  with  tmulsin^  it  emits  an  odour  of  rolatile  oil,  but  the  action  soon  ( 
(Kawalier.  Wibn.  Akad.  Ber.  xil  5m) 


ro  ACni,  C'^H»*0»[^?1.  (Kawalier.  Wian.  Akad.  Ber.  xi.  357; 
xxix,  Jy.)  -TLis  uoid  occurs,  together  with  th^jin  and  thnjigenin,  in  the  green  parts 
of  the  common  Arb(>r  vita  (  Thuja  oceidmialutjf  and  ia  precipitated,  partly  from  the 
iiqueonfc  extract,  together  with  thi^in,  by  neutral  acetate  of  lead,  partly,  together  with 
tiiujigenin,  on  subsequent  addition  of  basic  lead-acetate,-  remaining  in  aolution  when 
tiivbt^  precipitattis  are  deoompoaed  by  sulphydric  acid,  and  th(^  thujin  and  thiy^igenin 
huv«)  cryKtallised  out.  The  mother-liquors  are  then  evaporated  to  dryness ;  tho  ptnttannio 
ucid  extmcted  by  anhydrous  ether-alcohol ;  the  filtrate  quickly  evaporatwl  to  dryneoa 
over  thvi  water-bath  ;  and  the  remaining  acid  dried  in  a  yacuum  oyer  oil  of  vitriol. 

Piuitannic  acid  occurs  also,  together  with  oxvpinit;inDic  rtcid  (p.  31B)  and  pinipierin. 
in  tilt*  neeclN's  tjf  old  Scotch  fir-tre<*«.  and  i«  obtHintnl  ua  a  leail-nj^lt  in  the  preparation 
ctf  pinipierin  {t*id,  sMp.\  by  prectpifution  with  hiisic  .nri-^atf  of  lej*d,  after  the  ojtvpini- 
ti»unic  acid  luiii  been  precipitated  by  the  ncutiiil  aertatc.     The  washed  precipitate  is 
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decomposed  by  gulphydric  add,  and  the  liquid  is  heat«d  with  the  milphida  of  lead,  then 
fiiterea,  and  evaporated  to  dryness  in  a  stream  of  carbonic  anhydride. 

Pinitannic  acia  is  a  yellow-red,  or  if  prepared  from  Thi\ia,  a  brownish-yellow  powder, 
having  a  slishtly  bitter  astringent  taste,  becoming  soft  and  ^ntinoas  at  100^.  It  dis- 
solves readify  in  toater,  akokol^  and  ether;  does  not  precipitate  solution  of  ^datin. 
The  aqueous  solution  colours /«rrtc  chloride  dark  brown-red,  forms  yellow  precipitates 
with  neutral  and  basic  acetate  rf  lead,  and  precipitates  evmric  gtUphate  and  ntver-miraie, 
the  latter  on  addition  of  ammonia.  When  boiled  with  a  small  quantity  of  stannic 
chloride,  it  imparts  a  pi>rmanent  yellow  dye  to  woollen  stoffs  mordanted  with  alum  or 
tin-salt. 


OH*^0'».  (Berthelot,  Ann.  Ch.  Phys.  [8]  jdvi.  7«;  CSiim.  org.  ii. 
213. — Johnson,  Sill  Am.  J.  [2J  xxii.  6;  Gm.  zv.  2X2^-^  saccharine  sabstance 
contained  in  the  sap  of  the  Pinus  Lambertiana  of  California.  It  is  deposited  from  the 
aqueous  extract  of  the  crude  hardened  juice,  in  hard  white  radio-crystalline^  nodules 
of  specific  gravity  1-52 ;  as  sweet  as  sugar-candy,  very  soluble  in  water,  nearly  insoluble 
in  absolute  alcohol.  It  is  dextro-rotatory,  not  fermentable  and  does  not  reduce  solution 
of  potassio-citpric  tartrate^  even  after  treatment  with  sulphuric  arid.  It  is  decomposed 
by  hot  nitric  acid,  with  formation  of  nitro-oompounds  and  a  small  quantity  of  oxalic 
acid.  With  an  ammoniacal  solution  of  lead-acetate,  it  forms  a  precipitate  containing 
C*H>*0*.2Pb''0.  With  acids  it  forms  ethers  analogous  to  the  maniiitanides  and 
duldtanides:  thus  with  6f9t«orV;  aaW  it  forms  dibensopinite,  C*H*0'  —  C*H"0* 
+  2C'H«0«  -  2H*0,and  tetrabenropiniteC^H«0»»-  C<H"0»  +  4CrH«0« - 
2H'0;  and  analogous  compounds  with  stearic  acid.  All  these  compounds  are  neutraL 
With  tartaric  add,  it  forms  pinitartaric  acid,C*H"0»  -  C^»H)»  +  6C«H«0«  - 

6HH),  which  yields  calcium-salt  containing  C*H*Ca'0*».6HK). 

FZMXTB  is  also  the  name  of  a  mineral  formed  from  dichioite  (ii  320)  by  the 
action  of  alkaline  waters.  It  occurs  in  six-  or  twelve-sided  prisms,  with  cleavage 
often  indi8tinct,  sometimes  ba^al ;  colour  grey  to  greyish-green  or  brown.  Hardness 
*-  2*5.  Like  other  minerals  formed  by  decomposition  of  dichro'ite,  it  is  not  perfectly 
definite  in  composition,  but  exhibits  various  stages  of  transition  between  didiroi'te  and 
mica. 

Analyses :  a.  From  near  Schneebei^  in  Saxony :  blue-green  mass  covered  with  a 
micaceous  crust  (which  was  removed  as  completely  as  possible  previously  to  the 
analvsis)  (Rammelsberg.  Mineralchemie,  p.  835). — b.  From  Penig  in  Saxony, 
similar  to  the  preceding,  but  with  a  red  crust  rich  in  ferric  oxide  (Rammelsberg). 
c.  From  Stolpen  in  Saxony:  so  called  prismatic  mica;  red  (Massalin,  Trommad. 
N.  J.  iv.  2,  824). — d.  From  Ssxony;  specific  gravity  «  276  (Marignae,  BibL  univ. 
1847,  iv.  157).—^.  From  Auvergne;  a.  C.  Gmelin  (Kastn.  Arch.  i.  226);  fi.  From 
St.  Pardoux  (Rammelsberg);  y.  Specific  gravity  «  274  (Marignae).—/".  From 
Mont  Breven  in  the  valley  of  Cbamounix ;  specific  gravity  «  2*84  (Marignae). — 
y.  From  Diana,  New  York:  green  six-sided  prisms  of  specific  gravity  276;  deoom- 
pOttible  by  acids  (Brush,  J.  pr.  Chem.  Ixxv.  468). 


Silica       .... 
AlumtiM  .... 
F«^rfc  oxide    , 
MagnMia 

Lime  •  .  .  . 
Potash  .... 
Soda  .... 
Water     .... 

99*4S      I02-U      1(XH)      100-00      100-39      100-OS      100*00      lOODO      Mir44 

VUIATOIjK  This  name  is  applied  to  certain  minerals  more  or  less  lesemldmg 
pinite  in  composition  and  phyricat  characters. — a.  Greyish-green  or  greenish-white 
nodules  of  crystallo-granular  structure,  specific  gravity  27888,  and  hardness  about  2  6, 
occurring  in  the  felsite-tufa  of  the  Zeisigwald  near  Chemnitz  (A.  Knop,  Jahresb.  1869, 
p.  794).— A.  Pseudomorphs  afl<T  felspar  occurring  in  decomposed  porphyry,  from  the 
Klitxschmiihle  near  Oberwiesa  (after  separation  of  the  felspar-sand  by  levigation) 
(Knop). — e.  A  fine-splintery  decomposition-product  of  oligodase  (hardnees  «  2*6), 
imbedded  in  the  porphyritic  granite  of  Sasbachwalden  in  the  northern  part  of  the 
JSluk  Forest  (F.  Sandberger,  Jahresb.  1861,  p.  1008). — d.  A  mineral  forming  the 
Siibstance  of  vesetable  petrifactions  in  the  phyllite  of  Petit-Caeur  in  the  Tanuitaise, 
Skcvipr  (Terreil,  Jahresb.  1861.  p.  1008). — e.  A  light  green  or  white  snbstaoos  of  the 

'ftenee  of  kaolin,  oocurrine:  in  clefts  of  a  slate  imbedded  in  the  spirifei  ^ 

Of  Bow  in  Nassau  (£.  Herget,  Jahreeb.  1862,  p.  822): 
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A  Toliiino  oil  pnxluccd  bj  th«  dinullation  of  American  pinA^reftin,  atiJ 
U!i<Hi  us  an  illiiniiniitihg  oialeriAL 

9SW8*     The  StoTJ©  Pine  {Pinut  Pkta)  growing  in  the  aonth  of  Europe,  jietfifl 

!nf|,'*!  ublun^  oleaginofti  leedt  (e'AUi»d  pi^wms  by  tho  French)  which  are  mm  ju  fowl ; 
their  nutrihTe  power  in  the  drr  state  is  about  eqijiil  to  that  of  walnnts;  biit  in  tho 
fr*«h  state  they  aru  more  nutritive  than  firesh  walunta.  According  to  Pay  en  (Bull. 
Hue.  Chins.  1806,  i.  235),  they  contain  571  per  cent  wat«*r,  4*2'60  fat  oil,  39  46  nitro- 
grnoug  QiMtter  (nitrogen  6*44),  O'oO  crllutofle,  and  traces  of  etarch^  and  4*14  inorganic 
tnnttrr.     The  s«^ds  exhiiosted  of  oil  yield  U  87  per  cwnt.  nitrogen  and  904  nah. 

The  ash  of  P*nu»  3f«^4»«  and  P.  Piimiiio,  and  the  imh  oo  which  they  grow,  ha¥i»  been 
analysed  by  H.  S.  Jobson  (Ann,  Ch.  Pharm.  x<-r.  226  ;  Jahresb.  ISS6,  p.  700);  tha 
latvt  also  by  Wittntein  (Jahreek  1862,  p.  611);  the  ush  of  /V-wm  ^jlt^mtrii  by 
lleyer  and  Vonhansen  (Ann.  Ch.  Phann.  Uxxii.  180;  Jahresb.  1862,  p.  798). 

fCeapocting  the  oils  obtained  from  Turioxia  kinds  of  pine,  aae  page  648.  For  the 
Tariiiiut  reains  and  other  subataneea  obtained  from  the  barlr  and  needltia  of  Pinvjt 
niffv  iifrii,  see  Kawalier  (Wien.  Akad.  Ber.  ri-  344  ;  Ann.  Ch,  Pharm,  kzzTiti,  360  ; 
Jabpritb  1863,  p.  670;  Gwlin'*  Handbook,  xv.  33,  487;  xri  26>;  alao  the  artidwi 
raiioptc  Acin,  CoKTSPixiTAinnc  Acid*  EmoixoL,  Kmoiroua  Agio,  OxmanrAKwio 
Ann,  FHLOBAptoKifR,  Pnni'itisTirB.  PTiri(X>iiBiiTiif,  PixicoRTAimic  Actn.  Pimificjun^ 
riNiTASNic  Acid.  TAjnraoonTiPmic  Aoin,  and  Taxhopic  Acrn,  in  this  Dictionary^ 

FIOTXC  ACZn,    Syn.  with  Mktamaroaiuc  Acid  (iii.  976). 

PZOf  OtfS  ACO>.     Syii.  with  Htdboma&oabitic  Actn  (m,  206), 

9XWWM,  Black  popper  {Piper  nigrum)  yields  a  volatile  oil,  baring  the  compoaitton 
of  tiirpentine-oil,  and  bailing  at  167-6°,  Specific  graTity  of  the  oil  -  0  864  ;  of  the 
TapotLf  »  4*73.  TheoLlal>«orb«a  large  quantity  of  hydrochJorir' add,  without  form iug 
a  cmtalline  compound.     (Sonbeiran  and  Capitaine,  J.  Pharm.  1840,  p,  66.) 

llio  root  of  Piper  mtil^BUeum,  or  Kawa,  naa  been  already  described  under  tJin 
Itttler  ntime  (iii.  446). 

FZF8RKC    ACXXk.      0''H»-OV      (Yon   Babo  and  Keller,   Disieriatum  vtm 

a  Kritrr,  Freiberg,  1866,  p.  16.— ^treckcr,  Ann.  Ch.  Phana.  cv.  317;  cxviii. 
280,— G»  C.  Foster,  Chem.  Soe.  Qu,  J.  xr,  17.— Om.  xt.  7)— An  acid  produced^ 
together  with  piperidine,  by  boiling  pipt-rine  with  potash  : 

C"H^*NO»   +   H*0     ^     C"H'K)«  -1^   C*H"N, 

Ptpi9rio«.  .  FJperic  Ptpcn- 

^reparatioti. — I  part  of  pipenne  is  boiled  with  3  pta,  of  potflsaiom-hydrate  and  16 
to  20  pts.  absolute  alcohol,  the  liqnid  which  distils  over  being  continnallj  poiin?d 
back  and  the  proceas  continued  for  twelve  hoan»,  or  till  a  sample  of  the  mixture  t^en 
out  of  the  retort  lano  longer  precipitated  by  water  (V.  Babo  and  Keller);  or  better, 
equal  wetghta  of  pip^rine  and  potaasinm -hydrate,  with  as  much  st.rong  alcohol  us 
is  required  to  disaolvc  both,  are  healed  for  four  or  five  hou»  to  100^  in  a  closed 
Tesael  (Foster).  The  crystalline  plates  of  potaaaic  piperate  which  are  thereby  pro- 
duced to  abund«iuce,  are  ^panited  from  the  brown  mother^liouor,  purifled  by  repcat«Kl 
cr^'stallbation  from  a  small  qnantity  of  boiling  water,  with  help  of  animal  charcoal ; 
then  dissolved  in  water  and  deoompoaed  by  dilute  hydn^chloric  acid ;  and  the  scid, 
which  separates  as  a  j^Uy,  is  oollected,  waahed,  and  puriHed  by  repeated  crystallisation 
from  al«K>bol.  AnoUier  metho<l  iii  to  neutralise  the  iiquwus  solution  of  the  impure 
puLasaium-Mult  with  acetic  acid,  mix  it  with  a  small  quantity  of  solution  of  acetate  of 
lead,  separute  th«^  lead  diasolTed  in  the  filtered  liquid  by  sulphydric  acid,  filter  again, 
and  evHf lomt r  to  the  cry stdlisi  ng  poi nt.    f  V,  B  a  b  o  and  Keller.) 

PropiiriiiM. — riperte  acid  forma  yellowisn  capillary  needles ;  in  the  moist  state,  a 
BUilpbur-yellow  jelly  which  shrinks  on  drying.     Melts  at  150*^,  sublimea  at  about  200**, 

aAiy  unaltered,  frnutting  an  odour  of  coumann,  and  learing  a  brown  fused  residun. 

ti reaction  ia  aeansely  acid  (V.  Bubo  and  Keller).      It  ts  nearly  insoluble  in  water; 

dissolrea  in  270  pta.  of  cold  absolute  alcohol,  easily  in  the  same  liquid  at  the  boiling 

heat ;  sparingly  in  ef  Act,  acarcely  at  all  in  ttuiphide  of  car  htm  or  rock-oil;  somewhat  more 

easily  in  bmxtne. 

Ikcompotitions. — ^L  Piperic  acid  bumi  when  heated  in  ooiitacl  with  the  air,  emitting 


!; 
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an  odour  of  anise,  and  leaving  a  difficultly  combustible  charcoal. — 2.  Naacent  hjfdroam 
(»dium-amalgam)  converts  it  into  hydro-piperic  add  (p.  664)  (Foster). — 8.  Oil  qf 
ffitriol  colours  it  blood-red,  and  then  chars  it— 4.  When  treated  with  iodine,  bromine, 
or  ekiorine,  it  forms  substitution-products.— 5.  Concentrated  hydriodio  acid  acts  upon 
it,  even  below  100^  producing  carbonic  acid,  and  a  black,  uncnrstallisable,  humus-Uke 
substance  (Foster).— 6.  In  contact  with  pentacUoride  of  phosphorus,  it  acquires  a 
vermillion-red  colour,  and  deliquesces  after  a  few  days,  forming  oxychloride  of  phos- 
phorus, and  yielding  vermillion-coloured  crystals.  If  the  ci^stals  obtained  by  the 
action  of  pentachloride  of  phosphorus  on  piperic  acid  be  mixed  with  piperidme,  a 
substance  w  formed  which  is  insoluble  in  water  and  potash-ley,  but  soluble  in  strong 
hydrochloric  add,  alcohol,  and  ether. — 7.  Nitric  acid,  even  when  dilute^  converts 
piperic  add  into  an  orange-ooloured  nitro-compound,  which,  when  heated  with  potassium- 
hydzate,  gives  off  an  odour  of  coumarin  ( V.  B  a  b  o  and  K  e  1 1  e  r). — 8.  Piperic  add  added 
to  fused  potassium-hydrate  containing  a  little  water  in  excess,  is  at  first  dissolved ;  the 
mixture  then  turns  brown,  and  gives  off  hydrogen,  and  a  mass  is  formed  containing 
piotocatechnate  [?  hvpogallate,  p.  464],  acetate,  oxalate,  and  carbonate  of  potawium, 
with  a  comparatively  small  quantity  of  a  humus-like  body,  probably  a  product  of 
the  decomposition  of  the  protocatechuate.    The  reaction  i^  probably 

C»«H»«0*  +   8HH)    =    C»H«0*  +  Cm*0*  +  C«H«0«  +  C0«  +   7H«.   (Strecker.) 

Piperic  Protocate-  Acedc  Oxalic 

Kid.  chute  add.  add.  acid. 

Piper  at  es. — Piperic  add  is  monobasic,  the  general  formula  of  its  salts  being 
C»«H^O*orC»«H»M"0«. 

Piperate  of  ammonium,  C"H»(NH«)0<,  forms  colourless  satiny  scales  resembling 
cholesterin.  It  gives  off  ammonia  slowly  in  moist  air  at  ordinary  temperatures,  more 
quickly  between  100°  and  160®,  and  decomposes  between  180°  and  200°,  emitting  an 
odour  of  anise  ^V.  Babo  and  Keller).— P/perote  of  potassium,  C'*R*KO*,  obtained 
as  already  descnbed,  or  by  dissolving  the  acid  in  potash-ley,  forms  yellowish- white, 
silky  laminae,  probably  belonging  to  the  trimetric  system.  When  heated  it  glows 
and  emits  an  odour  of  anise,  and  when  subjected  to  dnr  distillation,  yields  a  small 
quantity  of  tar  containing  phenol,  and  leaves  a  mixture  of  charcoal  and  carbonate  of 
potassium.  It  dissolves  sparinffly  in  cold,  easily  in  boiling  water,  sparin^y  in  aloohoU 
and  is  nearly  insoluble  in  ether  (  V.  B  a  b  o  and  E  e  1 1  e  r). — ^The  sodium-salt  is  predpitated 
on  dissolving  the  add  in  hot  soda-ley,  and  cooling,  as  a  white  crystalline  powder 
sparingly  soluble  in  cold,  easily  in  hot  water,  and  predpitated  from  the  aqueous 
solution  by  aloohoL 

The  barium-salt,  C**H**Ba''0*,  is  obtained  by  nredpitation,  as  a  loosely  coherent 
mass  of  microscopic  needles,  dissolving  with  parafll  decomposition  in  about  6,000  ^ts. 
of  cold  water,  more  soluble  in  hot  water.  It  is  completely  decomposed  by  passing 
carbonic  add  through  its  aqueous  solution.     (Foster.) 

The  calcium-salt  forms  slender  needles,  somewhat  more  soluble  than  the  barium-salL 
— The  strontium-salt  is  a  white  precipitate.     ( V.  B  a  b  o  and  Keller.) 

The  cadmium-salt  is  a  white  powder;  the  cobalt-salt  is  rose-coloured;  the  nickel- 
salt  is  light  green  and  insoluble ;  the  cupric-salt  is  precipitated  in  slender  sky-blue 
needles  on  mixing  the  potassium-salt  with  cupric  sulphate,  more  abundanUy  on  addi- 
tion of  ammonia. — The  ferrous  salt  is  yellowish-white,  insoluble,  easily  oxidisable. — 
The  lead-salt  is  a  yellowish  predpitate,  which  dissolves  slightly  when  heated,  and 
separates  as  a  white  crystallme  powder  on  cooling. — The  magnesium-salt  separates 
after  a  few  days  in  slender  needles,  from  moderately  dilute  solutions  of  piperate  ol 
potassium  and  chloride  of  magnesium. — The  manganous-salt  forms  small,  yellowish, 
silky  laminse. — The  mereuric-^alt  is  a  yellowish-white  predpitate,  from  which  potash 
separates  mercuric  oxide. — The  mercurous-salt  is  a  white  precipitate  reduced  by  am- 
monia.— The  sUver-saU,  C"H*AgO\  is  obtained  as  a  colourless,  scarcely  crystalline 
powder  by  predpitatinff  nitrate  of  silver  with  piperate  of  potassium.  It  is  insoluble  in 
water  and  in  alcohol ;  does  not  lose  weight  at  100°. — The  ^'nc-jo/^  is  a  yellowish- white 
curdy  predpitate.     (V.  Babo  and  Keller.) 

BydropipeHoaoia,C'^H<*0«  (G.  C.  Foster,  Chem.  Soc.  Qu.  J.  xv.  19 ;  Gm.  xv. 
11). — This  acid,  which  contains  2  at  hydrogen  more  than  piperic  add,  is  produced  by 
the  action  of  sodium-amalgam  on  the  latter.  When  an  aqueous  solution  of  potassic 
piperate  is  treated  with  sodium-amalgam  at  a  pintle  heat  for  some  hours,  the  addition 
of  hydrochloric  add  predpitat^s  hydropipenc  acid  in  oily  drops,  which  gradually 
solidify  on  standing.  It  may  be  purified  by  crystallisation  from  a  large  quantity  of 
boiling  water,  or  by  solution  in  alcohol  and  treatment  with  animal  charcoal. 

^dropiperic  acid  is  colourless ;  tasteless  at  first,  after  a  time  somewhat  burning, 
deposited  from  boiling  water,  it  forms  long,  exceedingly  thin,  silky  needles ;  by 
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spoilt oneoui  eTaponiioo  of  its  ethereal  soluiion,  it  nui;  be  obUined  in  tolerably  Urge, 
hud  orj stills,  apparentlj  roonocJiDic,  and  mmtly  hemitropic  It  melts  at  63*^  ur  64^  ; 
•oltdifim  at  abcmt  66^ ;  not  ToUtile  without  dAcompoaition*  It  is  very  slightly  soluble 
in  cold  waUr^  somGvhAt  more  so  in  hot  water;  the  hot  saturated  eolation  rtACla 
strongly  acid  ;  and  on  cooling  deposits  the  acid  in  oily  drops,  as  long  ns  its  temperature 
is  al^fd  the  maltiDg  poiot  of  the  lattcnr;  the  r«t  sepaj^t«s  in  long,  thin  crystala 
{tnti,*up,y  The  add  OiasolToa  is  nH  proportions  in  akoknl^  and  is  rery  soluble  in 
fthtr, 

Wbeo  keaUd  ftomewhat  above  its  mdting  point,  it  gives  off  whit«  fumes,  which, 
wh(«a  dilatad  with  much  air,  smell  likt*  oil  of  anise,  and  biare  a  small^  easily  com- 
btij}t4bl«%  carboDAceoufl  add. — Strong  h^driodi^  acid  decompoAes  it,  below  100^,  into 
carbonic  add,  and  a  black  humtts-uke  body,  soluble  with  black  colour  in  alLilij.— 
Fumimg  niific  acid  colours  it  blood-red ;  ordinary  nitric  thid  diluted  with  its  own 
bilk  Of  water,  acta  violently  upon  it  if  gently  heated,  giring  a  solution  from  which 
wat«r  prwapitates  a  semifiuid  nitro-acid.—^ Oif  qf  vitriiA  colours  it  blood-nMi^Fus«d 
with  excoes  of  hj/draUd  alkaii^  it  evolves  much  gas,  and  the  brown  fuaed  mass  exhibita 
the  reactions  of  h^pogallic  add  C'H*0^,  obtained  by  the  action  of  hvdriodic  add  on 
bemipinic  acid  (iii.  142,  239) ;  see  alao  DBCOirposiTtoNs  op  Pipmiuc  Acid  (p.  654).— 
With  cAt^mde  of  aeetyl  at  150*^,  it  yields  hydrochloric  add  and  a  neutrul  oil,  insoluble 
in  water  and  dilute  alkalisi 

Hydropiperates,C'«H«'M0*andC«H'''M"O*,Theai»»/wwi»TO.*a/^.C'*H»XNH»)OV 
crystalliaes  from  hot  watcT  in  small  shioii^  scales  ;  it  b  eti«ily  soluble  in  hot  tMtttr, 
consideimbW  less  soluble  in  cold.  A  atiooff  aqaeoun  wjlution  can  dissoko  mor«  htfdro- 
fHiierie  acid,  forming  a  solution  from  whicti  water  pr<>cipit4itc!s  the  excess  of  acid,  and 
which  gives,  if  aaturated,  an  almost  solid  mass  of  hydriiptperate  of  ammonium,  on 
addition  of  strong  aqueous  ammonia. — An  acid  pota^fium'salt^  C**H°KO*  *» 
C"H^'KO^C"H**0^  is  obtained  by  boiling  a  solution  of  hydropiperic  add  in  nearlY 
absolute  alcohol  with  dry  carbonaite  of  potaaaium.  It  crystalliaes  on  cooling  in  hemi- 
spherical masses  of  radiating  needles. 

The  barium-folt,  C'*H*Ba"'0',  crystallises  firom  boiling  water  in  small  bunches  of 
needla-sbaped  crystals. 

The  ca^mtmsalt^  C7*H"Ca''0*,  is  prepared  by  boiling  the  add  with  milk  of  lime, 
filtering  hot,  and  separating  the  excess  of  lime  by  carbonic  add ;  or  by  precipitating  a 
rather  strong  solution  of  the  ammonium'Salt  with  chloride  of  ealcitun.  When  purified 
by  cryiitalliiation  from  a  mixture  of  2  pta  water  and  1  pt.  alcohol,  it  forms  small 
nt'«4le-iihaped  oystals,  slightly  soluble  in  cold  water,  more  soluble  in  hot  water,  but 
paHially  decomnoaad  by  it.     The  crystals  contain  water,  which  they  lose  at  100^. 

The  tiitfer^'Mttt  C'*H"AgO*,  is  a  crystalline  predpiute,  almost  iuiwluWa  in  cold 
waler,  msily  altered  by  exposure  to  light,  or  by  solution  in  hot  water. 

The  hydropiperates  of  the  other  metals  are  mostly  predpitatee  insoluble  in  cold 
water. 

Hydro^iptrate  o/Eihyl,  C'^HP^O*  -  C"H'»(CrH*)0<,  is  obtained  by  heating  a 
solution  of  hjdropiperie  add  in  absolute  alcohol  saturated  with  hydrochloric  add  for 
4  or  6  hours  to  130^  in  a  sealed  tube,  and  purified  by  solation  in  eth^r  and  treatment 
with  animal  choiooaL  It  is  a  brownish*yobow,  neu^  liquid ;  heavier  than,  and  inso* 
luble  in,  water;  not  altered  by  dilute  aqueons  potaah  or  ammonia,  but  decomposed  by 
giuieous  ammonia,  probably  with  formation  of  kydropipframide,     (Poster.) 

C>H"N   ^  (*^*^''^"|n.    (Wortheim,  Ann.  Ch.Pharm,lxxv. 

68.— Anderson,  ibid,  liXT.  82  ;  Ixxxiv.  345, — C  ah  ours,  Ann.  Ch.  Phys,  [3]xxxviii. 
76,__Von  Babo  and  Keller,  J.  pr.  Chem.  Ixiii.  53.— Gm.  x.  446;  xv.  13.) — A 
volatile  base  produced  by  the  action  of  alkalis  on  piperine.  The  production  of  a  vola- 
tile baB««  by  heating  piperiae  with  soda-lime  was  nrst  noticed  by  Werthetm  and  Boch> 
b^tlrr,  who  at  fiist  mistook  it  for  aniline,  afteiwrnrds  for  picoline.  Anderson  and  CahoHfS 
obuitied  the  same  base  independently  of  each  other,  ana  recognised  its  separate  identity. 
Uh  L4iemical  relations  have  be^n  inveetigated  chiefly  by  Cahoun. 

Prt^aration. — I.  When  1  pt.  of  piperine  is  distilled  with  2^  to  3  pte.  of  potash-lime 
in  a  retort  connected  with  a  cooled  receiver,  a  distillate  is  obtained,  consisting  of  wnter, 
two  distini't  voktile  bases,  and  a  neutral  substance  having  an  agreeable  arDmftt4e 
odour.  When  this  onde  liquid  if»  tre^itcd  with  fragments  of  caustic  potash,  a  light  oily 
substance  sepamtea,  baring  a  strong  ammooiacal  odour,  and  diasolviiig  in  water  in  h11 
prupoHions.  This  oil,  when  di.stilled,  passes  over  almost  wholly  between  105^  and  108^, 
but  towsrds  the  end  of  ihe  distillation,  the  thermomet^^r  rises  quickly  to  210°,  and  thora 
remains  statiotinry.  The  more  volatile  prrjduct,  which  forms  more  than  ^  of  the  crude 
liquid,  distils  over  entirely  at  lOG^  when  rectified:  this  liquid  is  piperidine(Cahouri»). 
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2.  FSperine  treated  with  nitric  acid  evolyea  red  fbmea,  and  forma  a  atilMtaiiee  liaring 
an  odour  of  bitter  almond  oil,  and  a  brown  resin,  which  diasolree  with  blood*i«d  ookmr, 
in  potash,  and  when  bofled  with  that  substance,  yields  pipendine  in  the  form  of  a 
volatile  liquid  (Anderson). — 3.  Pip^ne  is  decomposed,  as  directed  at  paee  653,  by 
boiling  with  alcoholic  potash,  into  pipendine  ard  piperate  of  potassium ;  and  toe  mother- 
liquor  separated  from  the  ciystab  of  that  salt  is  distilled  into  a  receirer  eontainiog 
hydrochloric  acid,  wherebjr  hydrochlorate  of  piperidine  is  obtained. 

Properties. — Piperidine  is  a  colourless,  very  limpid  liquid,  having  a  strong  ammoni- 
acal  odour,  but  r^*alling  also  that  of  pepper,  and  a  very  caustic  taste  (Anderson). 
Blues  reddened  litmus  stronely.  Boils  at  106^.  Vapour-density  »  2*958  (C  a  hours); 
calc.  (2  vol.)  »  2*946.  It  dissolve  in  all  proportions  in  water,  forming  a  strongly 
alkaline  liquid  which  reacts  with  saline  solutions  like  ammonia,  excepting  that  it  does 
not  redissolve  the  oxides  of  sine  and  copper.  Piperidine  dissolves  also  in  alcohol;  it 
coagulates  white  of  ega  after  a  quarter  of  an  hour. 

Sitrotu  acid  acts  violently  on  piperidine,  forming  a  heavy  aromatic  liquid.  Vaponf 
of  cyanic  acid  passed  into  piperidine  forms  piperylene-earbamide  (pipend-nrea) : 
G*H>>N  -I-  CNHO  »  C*H"NK).  CyanaU  of  methyl  and  cyanate  of  etfyi  form 
similar  compounds,  with  1  at.  H  replaced  bv  1  at  methyl  or  ethyl  (see  Cabbamxdb,  i. 
757). — 3.  With  iodide  of  methyl^  chloride  of  lenroyl,  &c.,  it  forms  subatitadon-pitMiiieta 
containing  1  at  of  an  aloohoUc  or  acid  radicle  in  place  of  1  at  hydrogen  (p.  657). 

Salts  of  Piperidine, — ^Piperidine  saturates  the  strongest  adds,  and  forms  crys- 
talline salts  wiUi  sulphuric,  hydriodic,  hydrobromic,  hydrocUorie,  nitrie  and  ooulie 
acids.     (Ca  hours.) 

The  htfdrochlorate  forms  long  colourless  needles,  easily  soluble  in  water  and  alcohol, 
volatilising  at  a  moderate  heat  and  not  altered  by  exposure  to  the  air.  The  solution 
forms  with  trichloride  of  gold  small  needles  of  a  fine  yellow  colour,  and  with  tetrachlo- 
ride ofplatinumt  long  orange-coloured  needles,  2(C*H"N.HCl)J*t*'Cl*,  very  soluble  in 
water,  less  soluble  in  alcohol  (C  ah  ours).  With  diehloride  of  platinum  piperidine 
forms  the  compound  (C*H"N)*Pt''Cl*,  the  solution  of  which  in  a  Luge  quantity  of 
boiling  water  deposits  the  piperidine-compound  analogous  to  Magnus*s  green  ammonio- 
chloride  of  platinum.    (S*^  PuLTurux-BASBs. ) 

Hydriodate  of  Piperidine,  C*H"K.HI,  crystallises  in  Ions  needles  resembling  the 
hydrochlorate.— The  nitrate,  C*H"N.HNO»,  forms  small  needle-shaped  crystala.— The 
oxalate  furms  delicate  needles. 

Piperate  of  Piperidine,  C*H"N.C"H*K)*,  is  obtained  bjr  dissolving  piperic  add  in 
aqueous  piperidine,  as  a  crystalline  pulp,  and  on  dilution,  m  colouriess  laminse  having 
a  silky  lustre.  In  contact  with  the  air  or  with  oil  of  vitriol,  it  turns  yellow  from  loss 
of  piperidine.  It  meltb  at  100°  without  further  alteration,  and  when  strongly  heated 
gives  off  piperidine  and  decomposes.  When  heated  for  some  time  to  150^,  it  becomes 
partially  iiisoluble  in  water,  but  if  then  dissolved  in  an  alkali,  it  yields  unaltered  pipenc 
add  when  decomposed  by  adds.  With  pentachloride  of  phosphorus,  it  behaves  like 
piperic  add.    (Babo  and  Keller.) 

The  sulphate,  (C»H"N)«H«SO\  obtained  by  saturating  the  base  with  solphune  add, 
is  Grystallisable,  deliquescent,  and  very  soluble  in  water.  A  solution  of  1  at.  of  this 
salt,  boiled  with  2  at  cyanate  of  potassium,  yields  piperylene-carbamide  and  sulphate  of 
potassium: 

[(C»H'«)'TC^*BPSO*   +    2[^''|n]    =  2  r  1^1    *^   K«80«. 

Compound  of  Piperidine  with  Carbonic  Bisulphide,  (  C*H>  *N)*CS',  or  Piperyl-nUphoear- 

(0»HiT)K 
bamate  of  PiperyUne-ummonium,    (CS)"    Vg.  —This  compound  is  obtained  by  caieAilly 

dropping  sulphide  of  carbon  into  piperidine,  and  crystallising  the  pzodnct  from  aleokoL 
It  ciystallises  in  slender  needles  belonging  to  the  monodinic  system. 

Substitutum-derivaHves  of  Piperidine. 
a.  Contaim'ng  Alcohol-radides. 

Piperidine  exhibits  the  characters  of  a  secondaiy  monamine,  inasmndli  as,  when 
heatM  with  the  iodide  of  a  monatomic  alcohol-radicle,  it  yields  the  hydriodate  of  a 
volatile  ammonia-base,  which  when  separated  by  potash,  and  heated  with  a  monatomic 
alcoholic  iodide,  unites  directly  with  it,  forming  an  iodide  of  an  ammoninm-base.     Its 


formuhi  is  therefore  probably  (^^'*)'  |  n. 
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hy  dmpping  pip*rtdioe  into  an  ^qu«l  rolumr  of  cooli*d  iodide  of  mrlhjl : 
(Cff^yKN   ^   CHU     -     (C'H'»)'(CH«)N   +   HI. 

The  «qiifoti«  solution  of  thi«  mIi  t7e«it«d  with  pot4ii»li  yxMs  the  Imuo  ui  »  triui9purf»nt 
oil  of  iiromiitic  uid  uonioiUAaU  odour«  »olabl»  lo  wilier^  boiling  nt  118^,  tLud  haTing  » 
Tapour-dnttsity  of  3*544  ;  odc;  -  3'4ai.— The  k^/drorhhraU,  C*H*»NJIC1,  fornui  fin* 
colourlMt  needlM.— The  eM^mnlaUmU,  2(C*Hi«N.Ha).PtCl\  U  obtmned  by  ipontib- 
ocoQi  erapomtion  of  ita  aleohoue  aolutioD«  iometiiii(«  in  ]ie>edie«f  sometimea  in  onmge* 
cotottred  plates.    (Cahotira,) 

lodid9  Qf  Dimetk^fl-pifrr^Une-ammonium,  C'H»«NI  -  (CH'«nCH»)*NI. 
— MalhjUpiperidine  and  iodiao  of  methyl  heated  together  for  some  daje  to  100^  in  m 
sealed  tube,  unite  and  furm  thia  compoand,  which  aepazatea  from  alcoboJ  in  fine  ctyatala, 
»nd  when  hented,  either  alone  or  with  solid  polasn,  paftly  TolAtiliiee  undeoompoaed, 
and  i»  partly  reeolved  into  methylic  iodide  and  melhyUpiperidiDe.    (Cahouva.) 

Stli7l*pip«Hdliie.  C'H»*N  -  C*Ht»(C"H»)N  «  (C*H'*/(C«H*)N.— The  hydri- 
odatf,  prepared  like  iheeorresponding  methyl-eompouDd,  yields  the  base  by  difitillatiort 
with  potaah^  aa  a  eolourlesa  molulB  oil,  Irs*  Jiroraatie  than  merhjl-piperidine;  lighter 
than  water^  in  whieh  it  ia  leaa  aoluble  than  methyl-pipfiridine,  efii^ily  Holcble  in  alcohol 
and  ether.     Boila  at  12fi^     Vapour-d^^naity.  oba,  »  3  9H6  ;  cule.  «  3*917. 

The  hfdrochlomtf,  C'n'*N.HCl  forma  beaottful  highly  kstroua  needlea.— The 
ek/4*ro^ttinatr,  2(C'}P*N.HCl).Pt€l*,  CfjataOiaes  from  warm  aqueona  aloohol  in  rery 
beaatiful  oninge-oolonfed  ctyatak. 

Iodide  of  Bifthyl-piperylfne-ammonium,  CH»NI  -  (0*H"nC«H»)*NT. 
— Obt«tn(Hi  likft  thr*  rom^^jKinding  mc'thyl-c<»mp>m3d,  om  a  viscid  maaa,  which  diasotvee 
in  all  pmportionft  in  watrr,  but  doen  not  cryitallisev  In  contjict  with  oxide  of  ailver*  it 
yielda  iodide  of  stiver,  and  a  bitter  tilkaline  Bolntion  which  yiolda  b)  evaporation^  deli- 
qweRcnnt  crv^tiils  of  hydrtttf  of  dp  tkyl-piwryUnf-amt/wnium^  refiolvable  by  bejit  into 
ethyl-ptpendine  and  a  eumbustible  pm.  This  hydrate  dtaaolvea  in  bydroehlorie  aeid, 
and  the  aolution  when  eTapomfed  yields  deliqueeeenfc  crystals  of  the  hydrochhratf. — 
The  chloroplatinatr^  2C"H^NClJ*tCl\  is  precipitated  on  mixing  the  hydrochlorate  wilK 
aqneona  tetrachloride  of  platinum,  or  crystAlliw^  on  cooling  ftom  a  mixiore  of  the 
boiling  dUnte  nolntiona,  in  snuiU  orunge-colotired  cryatala  reaembling  cfaloroplatin&tfi  of 
potoasf  1  um .     (Cahonra.) 

Amrl-^lp«Hdliie«  C**H"N  -  (C»H'«)"(C*H")N.— Ptepftred  like  the  preceding 
eooipoundi.  Colonrleee  oil,  boiling  at  186*^^  and  smelling  Iikf^  ammonia  and  fni^el-oil. 
Vapour-density,  obs.  •  5477  ;  oilc  **  ♦'i'37S.  It  is  lesa  soluble  in  water  than  methyl- 
or  etbvbpiperidine ;  forms  crystaLli«able  salts  with  most  acida.  The  Aydriodair, 
C"*H**N.llI,  erystAltisea  in  broad,  white,  shining  lamina*.  The  eh/oroptatiftafr, 
2(C'*II*»N.HCl)*PtCl\  crystallisea  from  warm  moderately  dilute  alcohol  in  very  hard 
prisms  of  a  fine  orange  colour.     (Cahoura.) 

$.  Containing  Acid-radicli>a. 

Seii»Qplperid««  C^'H^^NO  »  C*U»^C^n*0)N.— By  ln?atirig  piperidine  with 
clilfiride  of  benzoyl,  a  hf^vy  oil  is  obtainc-d  whiL>h,  when  tixaled  with  acidulated  water, 
yields  hydrochlorate  of  piperidine,  while  bnitKopiperide  retiiaina  undiH^olred,  and 
qiiiekly  solid tfiea.  When  piiftfied,  by  reeryataliiaation  from  alcohol,  it  forms  beaatiful 
colourleav  priimt. 

CttmrUplptiride.  D*H="NO  -  Cf*H'W*H'*0)X.  obinin^Hl  like  the  preceding, 
by  the  uc'tion  of  chh/ride  of  eumyl  on  pipendine,  forms  beautiful  tabular  cryatala. 

91^m^TnTWm*vmM^^    See  CjkABAMinxa  (i.  757). 

WJE^WMXMm.  C'^ll'-NO*.  (Oorsted.Scbw,  J.  xxix.  fiO.^Pelletier,  Ann-Ch* 
Pliya.  [2]  xri.  344  ;  li  199.— Merck,  Trommsd,  N.J.  xx.  I,  34.— Wackenroder.  Br. 
Arch,  xixvii.  347,— Buflos,  Schw,  J.  Ixi.  22.— Varrentrapp  and  Will  Ann.  Ch. 
Pharm.  xxxix.  283.— Th.  Wertheim,  «Ai</.  Ixx.  68.— Oerhanlt.  Compt,  Chim.  1849» 
p.  875  ;  Ann.  Ch.  Phys.  [3]  Til  253.— Anderaon,  Ann.  Ch.  Pbarm.  Ixit.  82;  Lxxxiv. 
345. — CahoQPs,  Ann.  Ch.  Phys.  [3]  xxxviii.  76. — 8  ten  house,  Ann.  Ch,  Pharm.xcv. 
106.— Von  Babo  and  Keller,  J.  pr,  Chem.  Ixxii.  53.— St  reck  er,  Ann.  Ch.  Pharra. 
C7.  317.— Gm.  XT.  19.— Gerh.  it.  98.) 

This  idkaloid,  diaooveied  by  Oented  in  1819,  exists  in  long  and  black  pepper  {Piper 
piiyihkm  and  P.  longum%  also,  ftooording  to  Stenhoase,  in  the  hi  nek  pepper  of  WMtem 
Africa,  Cubtba  Cltmi,  which  does  not  contain  cubebin.  According  to  Landarer 
(ViiTteljahrschr.  pr,  Pharm.  xi.  72),  it  exi^ta  also  in  the  berriea  of  Schinus  moUit,  a 
trf*e  belonging  to  the  torebuithaeeoua  order. 
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Preparation. — White  pq>per  is  exhausted  with  alcohol  of  specific  gravity  0833 ;  the 
tincture  is  distilled  to  an  extract ;  and  this  extract  is  mixed  with  potash-ley,  which 
dis'^lvi^s  the  resin  and  leaves  a  green  powder.  The  latter  is  washed  with  water,  dis- 
solved in  alcohol  of  specific  gravity  0  833  and  crystallised.  By  repeated  crystallisation 
the  piperine  is  obtained  colourless  (Poutet,  J.  Chim.  med.  L  631  ;  B^rzel.  Lehrb. 
8  Aufl.  vii.  577). — Stenhonse  dissolves  the  extract  of  cubebs,  prepared  with  wood-spirit, 
in  alcohol,  and  mixes  it  with  strong  potash-ley,  whereupon  a  brown  oil  separates,  iHiieh 
yields  crystals  on  standing.  The  mother-liquor,  if  again  mixed  with  aloohol,  yields 
another  portion  of  oil,  which  likewise  deposits  crystals  on  standing.  These  crystals  are 
purified  by  pressure  and  recrystallisation. 

Winckler  (Mag.  Pharm.  xviii.  153)  distils  the  alcohol  firom  the  alcoholic  tincture 
of  long  pepper ;  dissolves  the  residue  in  the  required  quantity  of  hot  aloohol ;  precipitates 
the  solution  with  basic  acetate  of  lead ;  mixes  the  filtrate  while  warm  with  as  much  sul- 
phuric acid  as  is  necessary  to  precipitate  the  lead ;  filters  while  warm ;  distils  the 
aL'ohol  from  the  filtrate  ;  exhausts  the  residue  with  water ;  and  dissolves  the  nndisaolved 
portion  in  hot  alcohol,  whereupon  piperine  crystallises  on  cooline. 

Impure  piperine  may  be  punfied  by  washing  with  absolute  aloohol,  or  better  with 
weak  potasn-ley.     (Henry  and  Plisson.) 

Properties. — ^Piperine  crystallises  in  colourless  monocAnic  prisms,  exhibiting  the 
combination  ooP .  oP,  sometimes  with  [  ooPoo  ].  Ratio  ofa:b  «»  1*468  :  1.  Angle  of  in- 
clined axes  6,  c  -  70*42'.  Angle  ooP:  odP  (orthod.)  -  84O80';oP:  ooP  -  76O60r 
(Kopp).  It  melts  at  about  100°  (Pellet ier),  at  100°  or  above  (WackenroderX 
to  a  pale  yellow  limpid  oil,  which  solidifies  on  cooling  to  a  pale  yellow  tran^)areDt» 
strongly  refracting  resin.  The  specific  gravity  of  fi^ed  piperine  is  1*1931  at  18^. 
(Wackeuroder.) 

Piperine  is  insoluble  in  cold,  very  slightly  soluble  in  boiling  water;  soluble  in 
alcohol  especially  when  warm,  less  soluble  in  ether.  The  alcoholic  solution  has  a 
very  hot  taste  like  that  of  pepper.  It  dissolves  also  in  volatile  oihi  and  in  acetic  acid, 
but  not  in  alkalis.    The  solutions  have  no  action  on  polarised  light. 

Calrulation.  Lieblg .    Pelletler.  Regnau^t.   Oerhardt.    Laurent.  Stenhnuse. 

ar  904  71-A8  69*78  »-47  7119  7I*M  71*66  71'7» 

H>*  19  6-67  6*69  6  HO  678  6*68  6«6  666 

N  14  491  4*09  451  4^  4-81  .    .  4*76 

OS  48  16-84  19*44  19-32  I7t,9  16-99  .    .  Ifi'M 


Ci7Hi«NO>     285         100*00  100*00  100^00         100-00  100^  lOOiM 

Will  and  Varrentrapp  found  4*66  per  cent  nitrogen.    Regnault  (Ann.  Ch.  Phya. 

[2]  Ixviii.  158)fir8tgave  the  correct  formula,  which  was  corroborated  by  Laurent  (t^i^. 
3  J  xix.  363),  and  finally  settled  by  Strecker's  investigation.  Older  formulae :  C**IfU**(J^ 
(Pelletier);  e*Mf«0«(Liebig,  Ann. Ch. Pharm.  vi.  36);  C«iV»^?»0'«(Gerhardt); 
C*N*II»0'^  (Wertheim);  (P*N*H'»0^^  (v.  Babo  and  Keller).  Compare  also  O. 
Henry  and  Plisson  (J.  Pharm.  xvii.  449). 

Dccompositiane. — 1.  Piperine  blackens  by  dry  distillation,  and  yields  a  brown  empy- 
rei^natic  oil,  from  which  carbonate  of  ammonium  crystallises  (Gnielin). — 2.  Heated 
in  a  platinum  epoon,  it  melts  like  wax,  takes  fire  at  a  stronger  heat^  and  leaves  an 
easily  combustible  charcoal  (Merck). — 3.  Piperine  suspended  in  acidulated  water 
and  exposed  to  the  action  of  the  electric  current^  is  violently  attacked,  as  also  by  hot 
concentrated  nitric  arrV2(Hla8i  wets  and  Rochleder,  Wien.  Akad.  Ber.  t.  447). — It 
is  coloured  blood-red  by  oU  of  vitriol,  loses  this  colour  on  addition  of  water,  and,  if  tha 
action  of  the  oil  of  vitriol  has  not  been  continued  for  a  very  long  time,  does  not 
appear  to  be  sensibly  altered  (Pell  e tier).  Bromine  converts  piperine  into  a  pecu- 
liar, non-er}'8talliue  product  (Gerhard t).  Iodine  acts  upon  it  onlv  when  the  two 
are  fused  together,  forming  a  dark  black-brown  ma-sM,  which  hardens  on  cooling 
(Wackenroder). — C.  Nitric  acid  colours  piperine  green ish-yellow,  orange,  and  then 
red;  dissolves  it  with  a  yellow  colour,  the  solution  yielding  dirty  yellow  flakes  when 
mixed  with  water ;  tad  on  further  action,  produces  oxalic  acid,  together  with  a  yellow 
artificial  bitter  (Pelletier,  Oersted,  Wackenroder).  Strong  nitric  acid  forma 
an  orange-red  resin,  which  partly  dissolves  with  deepening  colour  when  heated.  The 
solution  no  longer  yields  piperine  when  treated  with  water  or  alkalis  (Dnflos).  The 
brown  resin  which  is  produced  from  piperine  by  nitric  acid,  with  violeot  action,  evolu* 
tion  of  nitrous  acid,  and  the  odour  of  bitter  almond-oil,  assumes  a  splendid  blood-red 
eolour  when  treated  with  hydrate  of  potassium,  and  when  boiled  therewith  yields  a 
distillate  of  piperidine  (Anderson).  Von  Babo  and  Keller,  by  treating  piperine 
with  nitrons  acid,  and  subsequently  distilling  it  with  potash-ley,  obtained  volatile 
needles  which  had  the  odour  of  coumarin,  melted  in  boiling  water,  dissolved  in  alcohol 
atid  ether,  and,  after  fusion  with  hydrate  of  potassium,  gave  the  reaction  of  salicylio 
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acJd  witb  feme  cliloridc, — 7.  By  builiog  with  tdcohnlie  potash,  prp**Hno  i»  w^iiTCT'tiMi  luto 
piI»rndioo  and  pipcmte  of  potJiMiam  (p,  663).  Wh«m  disttlltHi  with  poituh-^timr  it 
yit'idi!  pipridine,  together  with  other  products.  If  the  tetripcmtxirf*  does  not  n»e  aliov** 
1^^ — 160°,  no  JunmoQiA  U  g^ven  o^  iind  the  brown  nwidue  eon  tains  itn  asotiMd  acid 
which  mav  b«  aeparatad  bj  hjdn>ehloric  acid;  it  is  jellow,  resinouB,  and  beootnM 
Btrongly  electria  by  friction.  If  th«  mixture  of  piperine  and  Jim^  in  bcat«d  to  200^,  it 
g^res  otr  ammonia,  and  the  r^dne  often  contaioii  an  nncryst&llifiable  non-azotised  arid 
(Wertheim).  Pipcrin©  heated  with  kydratt  of  potastium  melta,  gires  off  a  shivrp 
odour  of  pepp«r,  and  yields  a  milky  ai^ueotia  distillate ;  ^t  a  stronger  heat^  it  givoft  off 
hydrogen  and  finally  ammonia  (Gerhardt). — S,  Piperidine  hr^ated  with  acid  chrcmaU 
o^oQiOMium  and  tuJpkune  acid  girea  off  a  lai^go  quantity  of  carlK)nJc  nnhyiiriti©  and 
yielde  a  slightly  acid  aquecma  diatillatc  which  reducwi  nilmtr  of  siJvfr  (Gerhardt). 
2.  BarmAngauaU  of  potassium  added  to  a  solution  of  pitierine  mix^  with  sulphuric 
add.  eoloura  it  green  after  a  few  houfi  (Duflos). — 10.  rhospkamotybdi^  amd  colours 
pip«^nne  brown -yellow,  iind  precipitates  it  in  fiockji  (Sonnenaeheiu).  Piperine  also 
forma  a  yellow  precipitate  with  phbsphantimtmie  aeid  (p.  49H). 

Salts  of  Piperine.  Piperine  is  but  a  waiJc  b«#e,  and  does  not  form  aalta  with 
mil  Hcida. 

HydrocMifrale, — Piperine  abaorba  from  13-0  to  13*7  per  ceur.  hydrochloric  acid  gaa» 
forming  a  product  which  melts  and  erystaliiaea  on  coolingj  diatKilren  in  alcohol,  but  la 
decomposed  by  water. 

The  cklorowrrcifrfiU^  2C"H"N0*.HCLHg'Cl*,  is  obtained  by  mixing  a  eoltition  of 
1  pt.  piperine  in  afrong  alcohol  dliphtly  acidftilated  with  hydpoebloric  acid,  and  2  pta, 
of  mercuric  chloride  hIao  dissolved  in  alcahot,  and  t oaring  the  mixture  at  rest  fop 
fievend  dtiys.  It  then  depoaita  the  mcrcury^aalt  in  yllow,  shining,  tranftpnrent, 
trii'linic  crystals  which  become  darker  when  exposed  to  the  air  or  heated  to  \(iil9. 
(Kor  detaib  of  the  crj'stalline  form,  aeeSchabus,  Btsiimmunff  der  Krt/stallg^»t(dt*n^ 
&c,,  p.  198;  also  Gm.  xr.  23,)  Th«  salt  is  tnM>luble  in  water>  slightly  soluble  in 
atrong  hydrochloric  acid  and  in  cold  alcohol,  more  sol  able  in  boiling  alcohol 

CMorojdatinaie,  4C"H*»NU*/2I1CI.R"C1*— Obtained  in  laiige,  roseate,  moooclinie 
eryatalt,  by  mixing  a  eonct^ntruted  alcolmlie  solution  of  piperine  with  a  concentrated 
ftlcohoHc  solution  of  platinic  chloride  acidulated  witb  strong  hydrochloric  acid«  It  ia 
Tery  alighily  soluble  la  water,  and  appears  to  be  partis lly  decomposed  b^  a  lariie 
quantity  ;  oiodflmtaly  ioiiible  in  boiling  alcohol,  whenrp  it  separatea  on  cooling  as  an 
oninge-eoloufad  OETitaUJJie  powder.  It  may  l>e  dried  at  100^  without  alteration,  but 
melts  and  deeomposea  with  intumescence  at  a  higher  temperature. 

lodids  of  Ptpfrinf.—Vlp^rinc  unites  with  iodin<»,  forming  shining,  bluish-black 
needtett  aolublc  in  aleohol  and  containing  4C''H**N0'J*.  (Weftssicn,  Zusammenstci' 
lung,  p,  562  ) 

9t3fWaXTM,  OlfBinif  BSXarXSM*  voLitik  oil  of  peppenniut,  is  prepared  by 
distilling  the  herb  of  Mtnfha  piptrit^t  with  water*  It  ia  a  tnumpart-nt,  usually 
eolonrleM,  but  soinetimea  grf  eziii^h  oil,  Teiy  mobile,  haring  a  pungent  odour  and  an 
aromatic  burning  LLSte  with  cooling  after^taste.  Specific  gravity  ■-  0  903 — 0*91 
(Blanchet  and  Sell)^  0  899  after  several  rectifications  (E a n e) :  09028  at  li'6*^ 
( O I  a  d  s  to  n  e).  For  the  refmcti  ve  and  optical  potatory  power,  accoming  to  Ohidstone, 
see  OriJ,  VOLATILE  (p.  189).  Boiling  point  188® — 103*  (Kane).  When  expoft*Mi  to 
&iM,  or  ttubmitled  to  fractional  distillation  it  deposits  Pfippennint-camphor  or  Men- 
thol, C'H^O  (iil  88ft),  in  quantities  riU7ing  accor^iiug  to  its  origin.  The  permanently 
liquid  |x>rlion  of  the  oil  has  the  composition  C*'H"0,  according  to  Blanchet  and 
8ell;  C-'H**0»,  ftcconliiig  to  Kane  (J.  pr.  Chem.  xx.  439). 

9IPlS»Tl»SJrs^CARSA,aCXI>S.  Pipcryl-cnrlmmide  or  PiptrgUurea,  (See 
CABSAadlDK,  i.  Ihl.) 

VZFSRYX.EVS^17XiyHOGAmaA»KXC    ACXO.     See  PlFsfiiDOfB  (p.  6^6)* 

PXFSSTOVB.     A  Tariety  of  clay-slate. 

PXPSTTB.  A  vessel  witb  a  bulb  and  narrow  neck  used  for  transferring  liquids 
(See  AxALtsi.S  VoLUMKTBiC,  i.  266,) 

PXRBSfSZTS.     Iron  lime -garnet. 

PXSOPfi.     Syn.  with  Pyropk. 

PX&AJrXTS,  A  natiTe  snlphate  of  copper  and  lion  found  in  a  care  near  a  bed  of 
cuiirifi-roub  pyrites  in  Turkey.  It  gave  by  analysis  15*56  per  cenL  Cu**0,  10' 98  Fe**0, 
29'Ofl  SO»  and  43*66  water,  agreeing  with  the  formula  (Cu  ;  Fe)"S0'7H»0.  (Pisani. 
Jiihrtsb.  1869,  p.  811.) 

PZ80XiZT8«    Syn.  with  Pbastonb  (p.  300.) 
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An  amorphous  or  stalactitic  mineral  occnrrin^  at  Gamsdorf 
near  Saalfeld,  and  at  Reichenbach  in  Saxony,  consisting  of  basic  aluminico-ferric  sulphate. 
Hardness  »  1-5.  Specific  gravity  1-93—1-98.  It  is  transparent,  with  olive-green 
colour  and  vitreous  lustre ;  very  fragile  and  exhibits  a  concho'idal  fracture.  It  has  been 
analysed  by  Erdmann  (Schw.  J.  Ixii.  104),  with  the  following  results: 

Gangue  and 
A1«(P.     Fe»0».       SO*.        H«0.       loss. 

1.  Green  . 

2.  „      .        . 
8.  Ydhw  . 

Kos.  1  and  2  are  probably  3M«0».SOM5H«0  or  more  exactly  6M»O«.2SO*.30H«O ; 
No.  3  is  2M«0«.SOM6H«0.    (Dana,  il  390.) 

PZ8TAC1A*  The  berries  of  PisUteia  Lentiscus,  a  terebinthaceous  plant  common 
in  Algeria,  yield  when  comminuted  and  boiled  with  water,  from  20  to  25  per  cent,  of 
a  dark  green  sharp-tasting  &t,  which  melts  completely  at  32^ — 34^,  and  maj  be 
resolved,  by  partial  solidification  and  decantation  of  the  still  fluid  portion,  into  a  white 
crystalline  fiit  melting  at  34^ — 35°,  and  a  dark  green  fat  remaining  fluid  at  0®. 
(Leprieur,  R^p.  Chim.  app.  iL  328.) 

PZSTAOXTfl.    Lime  and  iron  epidote  (iL  390.) 

PZ8TOIKB8XT1L    Syn.  with  Mbsitix-spab  (iiL  928). 

PITCH.  Pour.  Peck,  This  term  is  applied  to  a  variety  of  solid  resinous  sub- 
stances which  are  generally  of  a  dark  colour  and  brilliant  lustre.  The  common  kinda 
of  pitch  are  obtained  from  some  one  or  other  of  the  various  kinds  of  tar  produced  in  the 
destructive  distillation  of  wood,  coal,  &c.,  and  are  prepared  by  evaporating  ofif  from  the 
tar,  the  liquid  oily  substances  mixed  with  the  sob'd  resinous  matters,  until  the  residuum 
has  the  desired  consistence. 

A  certain  amount  of  pitch  may  in  this  way  be  obtained  from  all  kinds  of  tar ;  but  as 
a  rule,  the  tar  produced  in  destructive  distillation  at  high  temperatures,  and  that 
obtained  from  highly  resinous  wood  and  from  caking  coal,  even  at  comparatively  low 
degrees  of  heat,  contains  a  much  larger  proportion  of  the  solid  resinous  substances 
w£ch  constitute  pitch,  than  the  tar  produced  at  a  low  red  heat,  or  obtained  from  bitu- 
minous minerals  which  do  not  cake  or  undergo  a  kind  of  partial  fusion  when  heated. 
(See  Tab.) 

Pitch  IB  generally  prepared  either  from  Archangel,  Stockholm  and  American  tar,  or 
from  that  lund  of  coal-tar  produced  in  the  manufacture  of  illuminating  gas.  Besides 
these  kinds  there  are  several  varieties  of  pitch  which  occur  native  and  are  commonly 
termed  mineral  pitch.    (See  Asphalt,  i.  425.) 

Little  is  known  of  the  chemical  history  of  the  several  varieties  of  pitch ;  but  in  general 
their  constitution  is  probably  more  or  less  analogous  to  that  of  oUier  resins,  and  like 
these  latter,  they  present  speciflc  differences  in  their  behaviour  with  solvents,  &c. 
Another  kind  of  pitch,  called  Burgundy  pitchy  is  employed  in  medicine,  and  is  the  melted 
resin  of  Abietis  resina  or  Thus,     It  is  of  a  yellowish-white  colour.  B.  H.  P. 

PZTOBp  MIMBKATi.    Syn.  with  Brruiaur . 

PirCMBlAJraB,    Native  oxide  of  uranium  (see  Urakjux). 

PXTCBSTOVa.  A  felspathic  rock  (ii.  623)  containing  excess  of  silica,  and 
having  a  pitchy  rather  than  a  glassy  lustre. 

PZTCBT  mow  OMM,  A  term  applied  sometimes  to  triplite  (p.  571),  some- 
times to  pitticite  (injra),  sometimes  to  a  variety  of  brown  hematite. 

PITK  ABA MTITB.  A  dark  green  mineral  from  Pitkaranta  in  Finland,  consist- 
ing of  an  altered  hornblende,  occurring,  according  to  Scheerer,  in  crystals  having  the 
form  of  augite,  and  splitting  into  thin  plates  parallel  to  the  orthodiagonal.  Contains, 
according  to  an  analysis  by  R.  Richter :  61-26  per  cent  SiO«,  0*41  ATO*.  1271  Fe-Q, 
0*83  Mn'O,  13-30  Mg^O.  917  Ca"0  and  262  water.  (BammeUber^s  Mineralckemi^, 
p.  498.) 

PZTOTXVB.  An  alkaloid  obtained,  according  to  Peretti  (J.  Phanp.  Oct  1635, 
518),  from  China  Pitoya^  which  is  probably  identical  with  China  bicolor  or  CA. 
lecames.  It  is  soluble  in  water,  alcohol,  and  ether,  and  has  a  slightly  bitter  taste,  which 
Ss  stronger  in  the  aqueous  or  alcoholic  solutions  of  its  salts.  It  melts  at  100^,  and 
partly  volatilises  at  a  higher  temperature  in  very  bitter  vapours  which  condense  in 
prismatic  crystals.  It  is  decomposed  by  hot  strong  nitric  acid.  It  is  said  to  be  a 
febrifuge.     (Handw.  d-  Chem.  vi.  640.) 

PITTAOA&  (from  virra,  pitch,  and  «cciA^s,  ornament  or  beauty).     One  oi  the 
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httmeioua  aubf timciM  diBcoTcred  b^  lictehciibiich  i&  the  course  of  his  ivafArchps  on  thu 
01  i«  prcMliiced  hy  the  diiitillatioQ  of  wixxltar.  Its  com{:>ositioD  in  uiikuuwn.  It  i» 
obtiuiied  bj  acting  on  ill©  heari^st  or  least  volatile  pgrtjoa  of  the  oil  first  with  potdihf 
iiufcil  tht!  free  neida  are  nearly  ueutnilised,  siid  then  with  biiryt4i-wut4'r.  In  thin 
UtMiiicr  n  deep  blue  ooloor  is  formed^  Thii  blue  subtftauce  i»  pittaoiil,  probably  in  a 
yt'jy  impure  condition.  In  the  solid  state  it  ]x)«seiuies  a  coppf'rj  or  brooie-like  liiatr»  ; 
bat  this  propertj  is  not  chancteristic,  as  it  is  shared,  not  outy  with  aJmoit  all  coal-tar 
ctilotirs,  but  also  with  indigo  and  pruaaifui-blue. 

PittAcal  appears  to  have  decided  basic  diarmctera^  for  it  is  dissolved  by  acids  and 
prpripitated  by  alkalis.  It  is  tasteless,  inodorous,  and  not  rolatile  without  decotnposii- 
tioti.  It  is  msuluble  in  wstor,  alcoholf  or  ether,  and  no  prociess  is  known  by  which  it 
can  he  separiit<^  from  other  substAne«a,  or  its  purity  ascertained.  It  forms  a  SDecies 
uf  lake  with  alnmina,  and  is  said  to  dye  a  faat  blue  on  Testable  tiastiea  moidant^a  with 
till  or  alumina.  Its  add  solutions  are  reddiali;  but,  when  diifbsed  in  wat^r,  it  is  said 
to  have  a  greenish  tint. 

In  many  of  its  reactionai,  it  resembles  the  oolonnng  tnstten  fonned  by  acting  with 
oside  of  «Iver  or  alkalis  on  the  iodides  of  the  ammonium- bases  derired  fixim  certain 
tertlarj  monsToines.  lodeed  the  late  Dr,  Grecorj'  io  thu  last  edition  of  his  "  Organic 
Chemistiy  **  (p.  471),  aii£g«iits  that  the  beautiful  eolouriid  compounds  obtain^  by 
treating  iodide  of  ethyl -en  inolyl-ammonium  with  oxido  or  sulphate  of  silrert  m&y  be 
identical  or  homologous  with  pittaeaL  But  it  muKt  not  be  forgotten  that  those  colosn 
were  yielded  only  by  the  baiH^s  denred  £roin  the  products  of  the  diBtillation  of  eiii-» 
dUKiine,  and  that  the  snme  products  caDnoi  be  prucur^  from  the  isomeric  bases  of  til9 
loucoline  series.  On  the  other  hand,  the  rea^tious  which  occur  during  the  formation  of 
the  bine  obtained  by  acting  on  a  solution  of  iodide  of  pclamine  (iii.  .^73)  with  potash 
or  smmonia,  n^markably  nesemble  the  phenomena  observed  in  the  production  of 
pilt»n-"aL  (See  AiriL-csDroLCCB,  i.  873.)  The  insolubility  in  alcohol  app^ini  to  be 
the  chief  distinction  between  pitttbcul  snd  the  coloured  deriratires  from  cool-tar  or 
ciiiciionine. 

On  tresating  tlif  heaviest  bases  fnvm  coal-tar  with  solitl  poleah  in  the  process  fof 
rendering  them  anhydrous,  the  fluid  (aaociitained  to  be  free  from  copper)  often 
>»«*oonies  r>f  a  light  blue  colour,  which  seems  to  indicate  the  presence  of  s  substance 
allied  to  the  body  from  which  pittncal  is  derived. 

The  interest  Attaching  itself  to  pittacal  is  rather  increased  than  lessened  by  the 
rt««arches  which  have  been  made  upon  the  colouring  matters  of  coal-tar,  because  they 
appear  to  show  that  wood-tar  may  event aally  become  a  source  of  new  coloora.  At  the 
Biinie  time,  the  comparatively  small  amonnt  of  nitrogen  in  wood,  while  limiting  the 
formation  of  alkaloids,  points  to  the  heavier  and  less  Imown  non-basic  oils  as  the  chief 
source  of  new  deriTatires*  C.  G.  W» 


FitiiMU,  Iron  mnt^r,  IHar»tnaU  of  Iron.  FUeku  irtm  urt,  Sum' 
ptchfTg. — An  snsnato-snlphiite  of  iron  occurring  tn  reniform  masses^  bsving  s  yeUowish 
or  reddish-brown,  blood-red,  or  white  colour,  yellow  streak  and  vitreous  loatre ;  tnas- 
lucent  to  opaque  ;  hardness  «  2  to  3  ;  specific  gravity  **  2 '2  to  2d. 

Analya«9.—  a.  From  Freiberg  (S t r om ey  e  r,  Gilb.  Ann,  Ixi.  181 ). — 6,  From  SchwarMQ- 
bec^  in  Saxony  (Bammelsberg,  Pogg.  Ann.  Ixxii  139). — c,  d.  From  SieglttsstoUsB 
in  the  Badhsnsberg,  near  Gastein:  yellow  (Rsmmelsberg): 
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These  analyses  show  that  the  mine  ml  is  of  varying  compositioii.  Analysis  a  may  be 
represented  by  the  formola  (3Fe«0«.2As'0*).(Fe*0»/2SO»V3^H'0;  which  confains  the 
Mmcsak^sas  diadochite;  h  by  (3Fe*O*,2As*0*).(FeH}*.8S0*).24H»0,  oontaining  I  aU 
SO*  more  tlmn  the  preceding ;  c  and  d  are  mixtures, 

FiyriJilTm    An  impure  variety  of  pitchblende. 

VXJLOiOVrrx.  A  sniphantimonite  of  lead  occurring  at  Wolfsbeig  in  the  Hartji; 
in  nioiiocliniL"  crystals  having  the  axes  a  :  b  t  c  »  0'68O2  r  1  r  03701 5.  Angle  of  in- 
f lined  axrs  -  72^  28',  »P:  ceP  -  86«  25';  oP:  [P*  ]  -=  logo  9\  Observed  combi- 
Uittion,  2P  .  oP .  P  .  oePco .  Tlie  crystals  are  thick  Ubular;  the  face  oP  shining 
siul  nmooth,  the  others  striated.  Cleavage  parallel  to  2P,  perfect.  The  mineral  occiira 
Him  masMive,  pmnuliir.  Hardness  ^  2  5.  Specific  grtivity  =  64.  Lustre  metallic, 
(."olour  bWkiiih  lead-^rey.     Op;i(|ue.     Brittle,     Before  the   blowpipe  it  drcrt-pt fates 
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and  melts  easily,  eiving  off  fumes  of  siilphor  and  antimonious  oxide,  and  ooAting  tlw 
charcoal  with  oxide  of  lead. 

According  to  an  analysis  by  H.  Rose  (Pogg.  Ann.  xzyiiL  428),  it  oontaina  21*63  par 
cent,  sulphur,  37*94  antimony,  and  40*52  le^i^  agreeing  most  nearly  with  the  ibmiiila 
Pb*Sb»S"  «=  6Pb"S.4Sb*S*,  which  require*  21*10  per  cent  suli^ur,  87-86  antimcmj, 
and  40*74  lead. 

PX  JLirSRZTB.  A  mineral  consisting  of  hydrated  aluminic  phosphate  with  eapne 
and  ferric  hydrates,  occurring  in  fissures  of  disintegrated  quarts  at  GvmeechefidL  in 
the  Ural,  in  botryoidal  aggregations  having  an  indistinct  fibrous  structure,  a  ^leen 
colour  in  the  recent  state,  translucent  on  the  edges.  Specific  gravity  «  2*65.  It  is  bat 
slightly  attacked  by  acids,  but  easily  by  caustic  potash  or  soda,  which  dieeolres  the 
phosphate  of  aluminium,  leaving  a  brown  residue.  Analysis  gave  33*94  per  eoit. 
FK)»,  37-48  A1«0«,  378  Cu"0,  8*62  Fe'O  and  20*98  HH)  (-  99*69),  answering  to 
the  formula  4(3Al«0«.2PK)*.9HK)).3(Cu  ;  Fe)''H«0«.  (B.  Hermann,  Jahresb.  1862, 
p.  764.) 

V&AVTAOO.  The  ash  of  the  sea-side  plantain  (JPlantago  maritima)  has  been 
analysed  by  £.  Harms  (Jahresb.  1868,  p.  611).  100  pts.  were  found  to  contain  4*97 
per  cent  sulphuric  anhydride,  0*68  phosphoric  anhydride,  3*76  silica,  2*28  fenie  phos- 
phate, 113  aluminic  phosphate,  62*63  chloride  of  sodium,  10*37  chloride  of  potasaium, 
4*71  magnesia,  6  69  lime,  and  3*08  potash.  100  pts  of  the  green  plant  yicdded  79*52 
pts.  water;  100®  pts.  of  the  fresh  plant  gave  8*91  per  cent,  ash;  of  the  plant  dried  at 
100°,  19  12  pts. 

»&JkVT8,   CXamSTRT   or.    See  PHTTO-CHBXttTBT  (p.  686). 

PXOLSIIKA.  A  faint  translucent  chalcedony,  approaching  jasper,  haying  a  greenish 
colour  sprinkled  with  yellow  and  whitish  dots,  and  a  glistening  lustre. 

The  term  platma  is  also  applied  to  the  simplest  form  of  organised  matter  in  the 
vegetable  or  animal  body,  out  of  which  the  several  tissues  are  formed. 


A  name  applied  by  Denis  (Compt.  rend.  liL  1239;  Jahresb.  1861, 
p.  726)  to  a  constituent  of  the  blood  to  which  he  supposes  the  property  of  spontaneous 
coagulation  to  be  due.  It  is  extracted  from  perfecitly  fresh  blood,  by  adding  a  satu- 
rated solution  of  sulphate  of  sodium  (^  of  the  vol.  of  human  blood),  filtering  the  super- 
natant liquid  from  the  blood-globules  after  some  hours,  and  saturating  it  with  polvensed 
chloride  of  sodium.  The  plasmin  then  separates  in  floeka  It  is  soluble  in  water,  is 
not  altered  by  careful  drying  at  40®,  but  loses  its  solubility  in  water  when  heated  to 
100®,  or  by  contact  with  acids  and  alkalis,  even  when  very  dilute.  The  solution  in  15 
to  20  pts.  water  solidifies  after  a  few  minutes  to  a  colourless  transparent  jelly,  which 
by  pressure  between  paper  is  converted  into  fibres  of  fibrin. 

A  pharmaceutical  term  for  lead-soaps  (iii.  660). 

or  PAHIB.  Gypsum  heated  and  ground  up.  It  is  thereby  ren- 
dered anhydrous,  and  when  subsequently  mixed  with  water,  quickly  takes  up  the 
water  of  hydration  which  it  has  lost,  and  is  converted  into  a  hard  substance  whidi  ex- 
pands in  solidifying,  so  that  it  accurately  fits  into  any  mould  into  which  the  pasty  mix- 
ture is  poured ;  hence  it  is  much  used  for  taking  casts  of  statues,  medals,  A^.  (See 
Gypsum,  ii.  903.) 

PIkATA  AZUZto    A  term  applied  in  the  Mexican  mines  to  an  ash-grey  or  black 
mineral  regarded  as  carbonate  of  silver ;  also  called  Sklbitb. 


PZJkTA  vmfcPM,    Native  biomide  of  silver.     (See  Silvkb.) 

yZiATAMMOWZUM.    A  hypothetical  base,  N^'Pt",  supposed  to  exist  in  the 
diammonio-platinous  compounds.     (See  Platinum -basss.  ) 

PXiATASSiarsTBT&XUM.  As<(G'H*)'Pt''.  (See  Absbioc-badicubs,  OnoAjac. 
i.  400.) 
P&ATnr A.    The  old  name  of  Platinum. 
P&ATZVZO  and  PXtATZWOUB   OOXPOUVBS.     (See  Platutux,  p.  666.) 

»&ATZWBK.     Atomic  weight  197*4.     Symbol  Pt,     This  metal  was  discovered  in 

the  auriferous  sand  of  certain  rivers  in  Ajnerica.  Its  name  is  derived  trom.  the 
Spanish  word  p/aiifM^  a  diminutive  ofjUatOy  silver,  and  was  applied  to  it  on  account 
^  of  its  whiteness.  It  occurs  in  the  form  of  rounded  or  flattened  grains  of  a  metallic 
itetre.  It  has  been  found  in  Brazil,  Mexico,  California,  Oregon,  St.  Domingo,  and 
on  the  eastern  declivity  of  the  Ural  chain ;  in  small  quantity  also  in  certain  oopper-orea 
firom  the  Alps ;  it  is  everywhere  associated  with  the  debris  of  a  rock,  easflj  recognised 
Sd  litdonging  to  one  of  the  earliest  volcanic  formations. 
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Tlio  gmint  of  i^atire  pliitlnnm  contain  from  "5  to  87  p*T  conf.  of  rhji!  mitnl,  a 
qtiiintity  of  iroo  gv-nefally  sufficient  to  render  them  magnetic^  from  ^  to  1  prr  crnL  of 
piiHHdium,  but  eomt'timeft  muc'li  tt'ss,  vi'th  smaDer  qujintiti^^  of  eoppir,  rhodium^ 
osniiam,  iridiuin*  and  rutbeniam.  To8«^>arHt«*  the  platinum  from  the«<^  bodies,  th<«  ore 
is  digested  in  a  retort  with  bjdrochlone  acid,  to  which  additiotia  of  nitric  a«id  are 
mjido  from  time  to  time.  When  th*  h^drorbloric  acid  is  nmrlj  saturated,  the  liquid 
i«  evaporated  in  the  retort  to  a  syrup,  then  diiulfMi  with  wat^r,  and  drawn  off  from  the 
inaoluble  reaidua.  If  the  mineral  ia  not  compU-tely  decompoaed,  more  nitro-muriatic 
ncid  if  added  and  the  distUlation  continned.  A  portion  always  remains  undisaolTCH), 
consisting  of  grains  of  a  compound  of  osmium  and  iridium  (iti.  o2A  ;  h.  240),  and 
litUa  briltiant  platra  of  the  same  alloy,  besides  foreign  mineral  substances  which  may 
b«  mixed  with  the  ore.  The  solution  is  ^eoiTally  diM^p  red,  and  f>mit«  chlorine  from 
the  pn/sence  of  teiracbloride  of  palladium  ;  to  decompose  whicb,  tht^  liquid  is  li^iiled, 
whereupon  chlorine  escapes,  and  the  palUdium  is  replaced  to  dichloride.  Chlorido 
of  ptjUHsium  is  then  added,  which  predpitatea  the  platinum  as  a  sparingly  soluble 
doiibii^  diloride  of  platinum  and  pot;u»aium,  leaving  the  palJadium  in  solution.  The 
prtMripit^t*^,  which  has  a  yellow  colour  if  pure,  but  rtsl  if  it  is  accompanied  by  tho 
dotibjH  chluride  of  iridium  sad  potassium,  is  collected  on  a  filter,  and  washed  with 
a  dilute  solution  of  cbloride  of  jiotassium.  By  igniting?  this  double  ialt  with  twice  its 
W4'i;;ht  of  potassic  carbouat«  the  platinitm  is  nsiueed  to  the  met&llic  state,  whils 
a  |iortton  of  the  iridtam  remains  as  trtaxide.  The  soluble  potassium  salts  are 
th«  II  rt^moved  br  washing  with  hoi  water,  and  the  platinum  is  dissolved  by  nitro- 
muriiilic  acid,  which  leaves  the  trioxide  of  iridium  undissolved.  To  complex  the 
s*'par3Ltion  of  the  iridiam,  the  precipitation  by  chloride  of  potassium  and  i^ition 
with  carbonate  of  potassium  may  require  to  be  repeated  several  times.  The  platinum - 
lolutioti  thus  freed  from  iridium  is  mixed  with  sal-ammoniac,  which  throws  down  a 
jhHow  precipitate  of  the  double  chloride  of  platinum  and  ammonium.  Fnm  this  pre- 
r»|iiULe,  when  heated  to  redness,  chlorine  sad  sni -ammoniac  are  givsn  ofli  and  the 
4;ittntim  remains  io  the  form  of  a  loosely  oohoreiit  ams^  t^Ued  tpongy  platinum, 
iVhen  it  IS  not  reqnirod  to  have  plstintua  absolutely  pure,  the  solution  &iit  obtaiDed 
from  the  ore  ia  precipitated  by  sal-ammonise,  and  the  precipitate  is  treated  in  the 
mnnner  just  described  :  much  of  the  platinum  of  commerce  is  obtained  in  this  way. 
The  small  trace  of  indium  which  is  left  in  commercial  platinum  greatly  increases  its 
hanlDf^s  and  tenacity. 

Platinum  is  too  refractory  to  be  fuse<l  in  coal  furnaces :  but  at  a  high  temperalors  tts 
pit  It  idea  cohere  like  those  of  iron,  and  it  may,  like  that  metal,  bs  welded  and  thereby 
r»iidi*rt»d  mailable.  For  this  purpj^e  the  spocpr  platinum  obtained  by  ignitiftf;  the 
chloriiplrttinate  of  ammonium,  is  rubl>ed  to  puwJer  very  jyently  between  the  bands, 
pressed  through  a  linen  ba^,  and  the  coarser  particles  which  remain  in  the  bog  are 
triturated  in  a  woollen  mortsjr  with  a  wooden  pestle,  not  with  any  harder  substance, 
because  the  platiniun  would  then  acquire  the  metaliic  lustra,  and  would  not  weld  so 
easily  as  in  the  contrary  case.  The  powder  is  finally  triturated  with  water,  and  the  fine? 
particles  separated  from  the  coarser  by  clutriation^  The  whole  of  the  finer  powder  is 
then  mixed  up  with  water  to  a  unifonn  pasto,  and  pressed  into  a  brass  cylinder  fi} 
im^hes  high,  1'12  inch  in  diameter  at  top,  ami  1*23  at  l)ottom,  and  having  its  lower 
Rnd  wider  end  accurately  closed  with  a  steel  stopper,  which  goes  in  4  of  an  inch, 
and  is  wmppc<l  round  with  bibulous  paper,  by  which  the  running  off  of  the  water  is 
fiicllit^ited.  The  interior  of  the  cylinder  is  smeared  with  grease,  and  the  cylinder 
being  placed  in  a  glass  full  of  water,  is  itself  filled  with  water,  and  then  completely 
filled  with  the  platinum-paste.  In  this  manner  all  cavities  and  ineqnaliltes  are 
avoid imI  On  the  platinum-pasts  is  laid,  first  a  sheet  of  blotting-paper,  lli^  a  layer  of 
woollen  doth,  and  part  of  the  water  is  pressed  out  of  it  by  means  of  a  wooden  cylinder 
held  in  the  hand.  A  plute  of  copjx^r  is  then  laid  upon  the  paste,  so  that  the  cylinder 
may  be  introduced  in  a  horizontal  popifion  into  a  very  powerful  lever-press,  in  which  a 
stump  presses  nu  the  copper  plate.  After  the  pressure,  the  steel  stopper,  which  closes 
the  lower  end  of  the  cylinder,  is  taken  out,  and  after  it  the  now  solid  cake  of  platiniim. 
The  cake  b  heated  to  redness  to  drive  ofif  the  remainiuf:;  water  and  the  grease,  sod 
rendftr  it  mom  oompact.  It  is  then  placed  in  an  air-furnace  having  a  very  strong 
dranght  and  fed  witJi  good  coke,  snd  ex|x>Sf  d  for  twenty  minutes  to  an  intense  beat, 
which  is  diminish«*d  daring  the  hist  tlve  minutes.  In  the  furnace,  the  cake  is  laid 
by  one  of  its  ends  on  a  ptato  of  refractory  clay  strewn  with  pure  sand,  and  placed 
Stjr  inches  above  the  grste,  snd  a  cylindrical  pot  is  inverted  over  it  in  such  a  maoner 
ss  not  to  toQcli  the  phitinum  at  any  point  The  cake^  white  still  red  hot,  is  taken 
from  the  furnnce,  hiiddowo  on  one  of  its  buses,  sod  stnick  repeatedly  on  the  other  with 
a  heavy  hiimmer.  Should  it  bend,  it  must  not  on  anir  aoconnt  be  hammered  on  the 
Sidt\  a»  iluit  would  brL'4ik  it,  but  must  be  stnu^tenaa  by  weIl^ireet«Mi  blows  on  the 
cuds.    When  the  cuke  bus  b<^cn  sutficiently  condensed  by  thia  treatment,  it  may  be 
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brought  into  any  required  form  by  heating  and  hammering,  lust  like  any  other  ductile 
metal.  If  the  platinum  has  become  covered,  while  in  tne  fire,  with  ferrogmoiiB 
scales,  it  must  be  coated  with  a  moist  mixture  of  equal  measures  of  borax  and  cream 
of  tartar ;  heated  to  redness  in  an  air-furnace  on  a  platinum  tray,  orer  which  an 
earthen  pot  is  inverted ;  and  immersed,  while  still  hot,  in  dilute  sulphuric  add,  which 
dissolves  the  flux  in  a  few  hours. — The  specific  gravity  of  the  cake  (with  its  in- 
terstices^  after  pressure,  is  about  10*0;  after  strong  ignition,  from  17*0  to  17*7;  after 
hammering,  21*25 ;  after  drawing  out  into  thick  wire,  21*4 ;  and  after  drawing  out  into 
veiy  thin  wire,  21*5.     (Wollaston.) 

Commercial  platinum  prepared  as  above  described  is  never  quite  pure,  always 
retaining  small  quantities  of  osmium  and  silicium.  To  free  it  from  these  impnritiet, 
and  at  the  same  time  to  render  it  more  compact  and  free  from  pores,  Deville  and 
Deb  ray  fuse  it  by  means  of  a  hydrogen  or  coal-gas  flame  fed  with  oxygen,  in  the 
lime-furnace  represented  in  figures  733,  734  (p.  312).  The  osmium  is  then  driven  off 
as  osmic  tetroxide  and  the  silicium  passes  to  the  state  of  calcic  silicate,  which  melts  to 
a  colourless  bead,  and  is  ultimately  absorbed  b^  the  walls  of  the  furnace.  Iron  and 
copper  also,  if  present  in  the  platinum,  are  oxidised  and  form  fusible  slags,  which  are 
absorbed  by  the  Ume. 

Deville  and  Debray  have  likewise  introduced  the  following  new  process  for  the  ex- 
traction of  platinum  from  its  ores  in  the  dry  way.  A  small  reverberatory  furnace,  the 
bed  of  which  is  composed  of  a  hemispherical  cavity  of  fire-brick  lined  with  clay,  is 
heated  to  full  redness,  and  a  charge,  consisting  of  2  cwt.  of  the  platinum  ore  mixed 
with  an  equal  weight  of  galena,  is  added  in  small  quantities,  stirring  with  iron  rods  till 
the  phitinum  and  lead  ores  have  combined  into  a  matt  A  small  quantity  of  glaas  is 
thrown  in  to  act  as  a  fiux,  and  by  degrees  a  quantity  of  litharge  is  added  equal  in 
weight  to  the  galena.  The  sulphur  of  the  galena  is  thereby  completely  oxidised  and 
expelled,  whilst  the  lead  of  the  galena  and  the  litharge  is  reduced  to  the  metallie  state, 
and  unites  with  the  platinum,  forming  an  easily  fusible  alloy.  On  leaving  the  melted 
mass  at  rest  for  some  time,  the  osmide  of  iridium  (which  is  not  attacked  during 
the  operation)  gradually  sinks  to  the  bottom  of  the  liquid  alloy;  the  upper  portions 
of  the  platiniferous  lead  are  then  cautiously  deeanted  from  it  by  iron  ladles  and 
cast  into  ingot-moulds.  The  residue  containing  the  osmide  of  iridium  is  added  to 
a  subsequent  melting. 

The  platiniferous  lead  is  now  submitted  to  cnpellation  in  the  ordinary  way,  and  the 
crude  metallic  platinum  left  after  cnpellation,  is  refined  by  frision  on  a  bed  of  lime  as 
above  described.  The  platinum  thus  obtained  is  nearly  pure,  and  vexy  ductile  and 
malleable. 

An  alloy  of  platinum,  iridium,  and  rhodium,  better  adapted  for  some  purposes 
than  pure  platinum,  because  it  is  harder,  bears  a  higher  temperature  without  fusing, 
and  is  less  easily  attacked  by  chemical  reagents,  may  be  obtained  by  simply  ftising  the 
platinum-ore  in  the  oxybydrogen  fiame  on  a  bed  of  lime,  with  a  quantity  of  Ume  eoual 
m  weight  to  the  amount  of  iron  in  the  ore.  Palladium  and  osmium  are  volatilised 
during  the  fusion,  while  the  copper  and  iron  are  oxidised,  and  form  fusible  compounds 
with  the  lime.  •  The  melted  alloy  is  either  poured  into  water  to  granulate  it^  or  cast  in 
a  very  shallow  mould  of  gas-charcoal. 

Another  method  proposed  by  Deville  and  Debray  is  to  treat  the  platinum  on  with 
nitromuriatic  acid,  decant  the  liquid  from  the  insoluble  osmide  of  indium,  and  slowly 
evaporate  the  solution  of  chloride  of  platinum,  palladium,  &C.,  tiU  the  residue  begins  to 
decompose.  The  red  powder  thus  obtained  is  then  heated  to  redness  in  a  large  covered 
crucible  of  earthenware  or  platinum  provided  with  a  neck  to  convey  the  gases  into  a 
chimney.  When  the  calcination  is  finished,  the  platinum -powder  is  transferred  to  a 
wooden  bowl,  and  washed  in  the  same  manner  as  auriferous  earth  or  platinum  ore 
itself.  The  dense  shining  platinum-powdAr  which  remains  is  then  refined  by  fusion 
in  the  lime  furnace  as  above.     (Ann.  Ch.  Phys.  [3]  Iri.  386 ;  Jahresb.  1859,  p.  252.) 

Properties. — Pure  platinum  when  forged,  and  especially  when  refined  by  Deville  and 
Debray's  process,  is  nearly  as  white  as  silver ;  it  takes  a  high  lustre  by  polishing ;  has 
neither  taste  nor  smell ;  and  is  very  ductile  and  malleable.  A  platinum  wire  2  milli- 
metres in  diameter,  breaks  with  a  weight  of  124  kilogrammes.  Platinum  is  softer 
than  silver,  but  its  hardness  is  much  increased  by  the  presence  of  traces  of  iridium  ; 
perfectly  pure  platinum  is  about  as  hard  as  copper.  It  expands  by  heat  less  than  any 
other  metal,  and  in  its  power  of  conducting  heat  and  electricity,  it  is  much  inferior  to 
gold  and  silver,  and  very  near  to  iron  (ii.  467  ;  iii.  936).  Platinum  resists  the 
strongest  heat  of  a  forge-fire,  but  may  be  fiised  by  the  electric  current,  or  by  the  oxy- 
bydrogen blowpipe,  b«>fore  which  it  is  volatilised  and  dispersed  with  scintillations. 
According  to  Deville  and  Debray,  it  absorbs  oxygen  in  the  fused  state,  and  if  melted 
in  considerable  masses,  spits  like  silver  on  rapid  cooling.  It  has  not  been  crystallised 
artificially,  but  very  perfect  octahedrons  and  cubes  have  been  found  in  the  native  beds. 
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rijitiDuni  is  Ibo  beBTic«t  of  all  known  imbstiuiccft,  c](«<'pt  oKinitim  and  trldjum,  which 
§09  equillj  detiM.  Its  ipedflc  gmTity  Tarie«  necording  to  tho  munner  ia  whieb  it  biis 
b«#ti  tfM&tod;  that  of  hammer^  pUtinam  ii  21*25;  of  pliitinum  dntvn  iuto  thick 
wire,  21^4;  and  after  drawing  into  verf  thin  wire,  2I'fi  (Wollaiiton);  plallnnm 
(iolidLApd  frcim  fusion  baa  a  densitj  of  21  15,     (D«Till«  and  Debray.) 

PUtinoni  poaveMea  a  rentarkable  power  of  eansing  the  combination  of  oxjgpn  with 
hydrogen  and  other  combustible  gaaes  (aee  Combxtbtion,  i-  1092,  and  CoKTAcr-Acnojt, 
iL  12),  Thia  property  ia  exhibited  aren  by  a  clean  snrfaco  of  plationm,  in  a  greater 
degree  by  platinum  in  the  spongy  state  (p.  662),  and  moot  of  all  by  the  extremely 
dirided  form  of  the  met&l  called  platinnm-black.  The  metal  may  be  obtained  in 
thia  form: — 1.  By  diaaolTixig  plntinotia  chloride  in  a  hot  and  eoncentralcd  solotion 
of  potash,  and  pounng  aloobol  into  it  while  still  hot«  by  imall  quantitif^  at  a  time  - 
vieifi'nt  effcnreacrnoe  then  occurs  from  the  escJipe  of  carbonic  anhydride,  by  which  the 
ti>iit*  litii  of  the  TfSiel,  ttnleas  capacious,  may  be  thrown  out.  Th*>  liquor  ia  deoiinti^d 
frum  the  bhitik  |Kiwder  which  appears,  and  the  latter  boiled  ancceariTcly  with  nlcubol, 
hydrochloric  acid  Mid  potiwh,  and  finally  four  or  five  timea  with  water,  to  diTest  it  of 
all  foreign  matters. — 2,  Br  decomposing  a  hot  nolution  of  platinic  sulphate  wilh 
alcohoL— -8.  By  boiling  a  solution  of  platinic  chloride  with  carbonate  of  sodium  and 
ittigar:  cidoride  of  sodium  is  then  formed,  water  and  carbonic  anhydride  are  produced 
by  oxidation  of  the  sngur^  and  the  pktiniim  is  pr«cipitat«^  in  the  finely -dividf^i  state. 
^^4.  B|y  predpitating  the  metal  with  doc  from  a  solution  of  pktinio  chloride  eon* 
tJiining  excess  of  hydrochloric  acid,  or,  aocording  to  Brunner,  by  digesting  mcUillie 
zinc  with  a  mixture  of  chloroplatinnte  of  ammonium  or  |K>t»6siiim  and  strong  sulphurie 
acid.  — Platinum-black,  when  dried,  resembles  lamp-black,  and  soils  the  fingers,  but 
(ttill  it  in  only  metaJlic  platimiin  extremely  dirided,  and  may  be  heated  to  full  redness 
Without  any  change  of  appearance  or  properties.  It  loees  these  propertiee,  howcTej',  by 
the  I'ffi^ct  of  a  white  heat,  and  aasomes  a  metallic  aspect.  Pktinum-black,  like  wood 
cbircoal,  absorbs  and  coodcneos  gascA,  in  its  porea^  with  evolution  of  heat,  a  property 
which  must  aaiiiat  its  action  on  oxygen  and  hTdrogen,  altbongh  probably  not  essential 
to  that  action.  When  moistened  with  alcohol,  it  detennines  the  oxidation  of  that  sub* 
t^taiRM)  in  air,  vnd  the  Innnadon  of  acstic  acid ;  and,  in  a  similar  manner,  it  conrerts 
wood-spirit  into  fermtc  acid, 

Plaitnum  doea  not  oxidise  in  the  air  at  any  temperature.  It  ia  not  attacked  by  any 
single  acid  ;  but  mtromuriaiic  arid  dissolves  it,  though  slowly.  If  heated  to  r^ne^is  in 
1  ffc  air  in  contact  with  caustic  alkalis  or  aikatine  eartk*^  especiaUy  with  hydrate  of 
lithium  or  biirium*  it  is  corroded,  in  oonaeouenco  of  the  formation  of  an  oxide  which 
uuiiett  wilh  the  idkati;  it  is  also  attiickea  at  high  temperatures  by  acid  tulpknte  of 

S|»ongy  pLitintim  unites  with  tulphur  when  the  two  are  beate^I  together  somewhat 
strongly ;  hammered  pktinum  is  but  Tery  slowly  attacked  by  sulphur.  Phosphorus  hJxA 
itrsmic  easily  unite  with  spiongy  platinum  when  heated  with  it,  forming  very  fusible 
compuunda.  When  an  organic  substance  containing  phosphorus — cerebral  matfr  fur 
exiiniple— is  burnt  in  a  platinum  crucible,  phosphoma  is  set  free  and  unites  with  the 
phitiunm,  furming  a  rery  fusible  phosphides  so  thai  the  crucible  sometimes  becomei 
perforated.  Chlorine  is  Tery  slowly  absorbed  by  platinum  ;  iodine  and  brtwufu  haTe  no 
action  upon  it.  A  mixture  of  silica  and  charcoal  easilr  attacks  platinum  at  high  tem- 
peratures bgr  furming  a  stlicide  of  platinum  :  hence  platinum-crucibles  must  nerer  b« 
phiced  in  direct  contact  with  a  coke  or  charcoal  fire,  but  always  enclosed  in  an  earthen 
crucible  containing  magtte<riji. 

Utit's, — The  anal tentbility  of  platinum  at  high  tern p**raturefl,  and  its  power  of  resisting 
I  hi?  action  of  most  chemical  agents,  render  it  extrtmi^ly  lueful  for  the  coni^truction  of 
tTuciblea,  eraporstiog  dishes,  foreepH  for  blowpipe  experiment*,  &c.  Larg«f  platinum 
h\il{»,  KfimetimfS  weighing  more  than  1000  ounce*,  are  used  for  the  concentration  oi 
oil  of  vitriol.  They  are  gilt  on  the  inner  Burfare«,  because  without  this  coating,  plati- 
num pr**pared  by  Woll Baton's  method  soon  becomes  sufEcientJy  porous  to  allow  the 
timnsodation  of  the  acid.  An  attempt  was  made  in  Kuaeia  to  u^e  platinum  for  coinage, 
but  it  was  not  fbund  convenient.  Ptnf  inum  is  som<>times  used  for  the  touch-holes  of 
fowling-piocea.     {Miller" a  EttmmtM  of  Chrmistri/^  ii.  828.) 

Ounpnunds  of  Platinum,^  Plntinum  forms  two  serii's  of  compoimda,  the  platinoua 
eom[>ounds  in  which  it  is  diatomiCj  e,^.  PtCl',  PtO,  Si^.^  and  the  platinic  compoundi 
in  which  it  is  tctmtomic,  f.^.  PtCl*.  FtO^  &c.*  It  shows  but  little  tendency  to  form 
salts  with  oxygon -acids. 

VIvATiirtrac,  .AXXiOTS  or,  Phtinum  unites  with  most  other  metals,  forming 
alloys  which  are  for  the  most  part  more  fuiible  thiin  platinum  itself:  hence  platinum 
crucibles  must  never  be  used  for  fusing  other  metals  iu,  or  even  for  igniting  the  oxides 

*  Accofdinjf  In  th*  oldof  Mnniilr  wriKlil  of  nlMtiimtfi,  9f '7,  adoiHrd  In  the  f>«rller  pjtrt  ni  thU  work 
0.  if^),  the  mvuli  wa«  t<>|4uded  m  moitaiotttfc  iu  tti«  piatmout,  ia4  dUlomic  Id  ihv  pUtmic  cotapoiuidi. 
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of  the  more  fiudble  metiil«,  such  as  lead  and  bismath,  whose  oxides  are  easily  reduced 
bj  oontact  with  carbonaceous  matter. 

1  pt.  of  spongy  platinum  unites  easily  with  2  pts.  of  pulverised  antimony,  the  com- 
bination being  attended  with  vivid  incandescence;  and  when  the  temperature  is 
further  raised,  the  compound  fuses  into  a  stAel-grey,  brittle,  fine-grainnd  alloj 
(Gehlen).  Vivid  incandescence  is  likewise  produced  by  wrapping  antimony  in  thin 
platinum-foil,  and  heating  it  before  the  blowpipe  (Murray,  Edinb.  PhiL  J.  iv.  202). 
The  alloy  when  heated  in  the  air,  gives  up  its  antimony  almost  wholly,  and  lefives 
malleable  platinum.     (Fox,  Ann.  Phil.  xiii.  467.) 

100  pts.  of  spongy  platinum  heated  with  excess  of  arsenic,  yield  173*5  pts.  of  arse- 
nide of  platinum,  the  combination  being  attended  with  vivid  combustion.  When  plati- 
nimi  is  heated  with  arsenioiLB  oxide  and  carbonate  of  sodium,  arsenide  of  platinum  and 
auenate  of  sodium  are  formed.  Arsenic  wrapped  up  in  platinum-foil,  likewise  exhibits 
vivid  combustion  before  the  blowpipe  (Murray).  The  alloy  is  brittle,  and  easily 
fusible.  When  it  is  heated  in  the  air  for  some  time,  at  a  continually  increasing  tem- 
perature, but  not  sufficient  to  melt  it,  the  arsenic  gradually  bums  away,  and  leaves  a 
porous  residue  of  platinum  in  a  state  fit  for  working. 

Platinum  heated  with  an  equal  weight  of  barium  before  the  oxy-hydrogen  blowpipe 
melts  to  a  bronze-coloured  alloy,  which  in  the  course  of  24  hours,  decomposes  and 
leaves  a  reddish  powder.     (Clarke,  Gilb.  Ann.  Ixii.  372.) 

1  pt  of  spongy  platinum  and  2  pts.  of  bismuth  heated  together  combine  readily,  but 
without  visible  combustion,  and  form  a  bluish-grey,  brittle,  easily  fusible  alloy,  having 
a  laminated  fracture  (Gehlen).  When  this  alloy  is  fused  at  a  moderate  heat^  the 
two  metals  separate  partially,  according  to  their  densitief^  When  it  is  strongly 
ignited  in  contact  with  air,  the  greater  part  of  the  bismuth  burns  and  forms  a  vitnxons 
oxide,  till  the  residue  is  no  longer  fusible. 

Platinum  heated  with  cadmium  till  the  excess  of  the  latter  is  volatilised,  forms  a  silver- 
white,  very  brittle,  fine-grained  alloy,  refractory  in  the  fire  and  containing  46*02  pa 
cent,  platinum  and  54-68  cadmium,  therefore  nearly  PtCd*.     (Stromeyer.) 

With  copper,  platinum  does  not  combine  below  a  white  heat.  Equal  weights  of 
platinum  and  copper,  heated  together  in  the  oxy-hydrogen  blowpipe  flame,  yield  a  pale 
yellow  alloy  having  the  colour  and  specific  gravity  of  gold,  extensible,  easily  attacked 
by  the  file,  and  tarnished  by  exposure  to  the  air  (Clarke).  An  alloy  of  26  pts.  co)pp«>r 
and  1  platinum,  is  malleable,  rose-coloured,  and  exhibits  a  flne-grained  fracture.  The 
alloys  of  copper  and  platinum  take  a  fine  polish  and  are  sometimes  used  for  the  mirrors 
of  telescopes. 

7  pts.  of  platinum  and  3  gold  form  an  alloy  infusible  in  the  strongest  blaflt-fumsce. 
Alloys  containing  a  larger  proportion  of  gold  fuse  at  that  degree  of  heat  (Pri  nsep). 
2  pt8.  platinum  and  1  gold  form  a  brittle  alloy.  1  pt.  platinum  and  1  gold  form  a  very 
malleable  alloy  having  nearly  the  same  colour  as  gold.  The  alloy  of  1  pt.  platinum 
and  9*6  gold  has  the  colour  of  gold  and  the  density  of  platinum  (Clarke).  1  pi. 
phvtinum  and  11  gold  form  a  greyish-white  alloy,  like  tarnished  silver.     (Hatchett.) 

The  alloy  of  platinum  and  iridium  has  been  already  described  (iii.  317) ;  also  the 
alloys  of  platinum,  iridium  and  rhodium  obtained  by  fusing  platinum-ore  (iv.  664). 

The  alloys  of  platinum  and  iron  are  described  under  Iron  (iii.  369). 

Lead  unites  very  easily  with  platinum.  Melted  lead  poured  into  a  platinum-cmci- 
bio  dissolves  a  portion  of  the  platinum.  Lead  wrapped  in  platinum-fbil  exhibits 
inciindcscence  when  heated  (Murray).  1  pt.  of  spongy  platinum  and  2*7  of  lead 
heatixl  to  redness  together,  combine  without  visible  combustion,  and  form  an  easily 
fusible  compound,  which  has  the  colour  of  bismuth,  splits  under  the  hammer,  and 
exhi>>its  a  fibrous  fracture.  The  alloy  of  1  pt  platinum  and  2  pts.  lead  is  somewhat 
more  brittle  (G  o  hlc  u).  An  alloy  containing  equal  Quantities  of  the  two  metals  has  a 
puri»le  colour  and  striated  surface,  and  is  hard,  brittle,  exhibits  a  granular  fracture, 
and  is  altered  by  exposure  to  the  air.  When  these  alloys  are  heated  to  redness  in  the 
uir,  only  part  of  the  lead  separates  from  the  platinum,  the  separation  going  on  indeed 
only  so  long  as  the  alloy  remains  fusible. 

The  compounds  of  platinum  and  mircury  have  been  already  described  (iii.  888). 

Equal  parts  of  platinum  and  mfdt/bdfnum  yield  a  hard,  brittle,  shapeless  lump 
having  a  light  grey  colour  and  metallic  lustre.  4  pts.  platinum  and  1  pt.  molybdenum 
form  a  lianl,  brittle,  bluish-grey  alloy,  having  a  granular  fracture. 

Equal  ))arts  of  platinum  and  nickel  placed  upon  a  piece  of  charcoal  fuming  in  a 
stream  of  oxygen,  unite  quickly,  and  form  a  pale  yellowish-white  alloy,  perfectly 
malleable,  susceptible  of  a  high  polish,  equal  to  copper  in  fusibility,  and  lo  nickel  in 
magnetic  power.     (Lampadius.) 

h\\\iH\  parts  of  platinum  and  palladium  unite  somewhat  below  the  melting-point  of 
tliM  latter,  forming  a  grey  allov  as  hard  as  wrought  iron,  having  a  specific  gravity  of 
16*14 1,  less  ductile  than  the  alloy  of  palladium  and  gold.    (C  h  c  n  e  v  i  z.) 
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With  ftoiat^um^  tJaUunm  uiiiUti  reuiUljf  exhtbiUiig  luoiudtBaceiice  and  fonai^g  a 
ahinmgi^  brittle  alloy,  which  burns  when  hcMited  in  the  iiir,  und  is  d««uinpo8%>d  hj 
watf*n  Willi  furmntiou  of  blaek  i>calti§,  usaalljr  rpgmrd«d  as  a  hydride  of  platinum, 

SiUvr  trnites  with  platiuuni  iu  all  |>roportioiia.  A  very  kidhII  quiintity  of  ulaiiiiuni 
roudcm  silver  hard.  Hot  oil  of  ntriuL  diASolrcss  out  tiie  nilri^r  from  the  alloy,  and 
IcAvei  tho  platinum.  Nitric  add  always  disaolrea  a  certain  quantity  of  phi  tin  um 
tiiK«iher  with  the  e(lver,aiid  with  a  c<«t«ui  {uropoftioo  of  silrer  tbe  alloy  k  comyjltftety 
ftojuble  in  nitrie  acid. 

The  alloy  of  plHtinuni  and  §odium  reaemblfiB  that  of  platinon]  and  potasaiiun. 

T*n  and  platinum  fu9«d  together  in  equal  parts  form  a  dark-ooloiuedf  hard,  britllep 
t4>li*nibly  fusible  alloy,  having  a  coarsf^grnined  atnicture.  A  veiy  definite  alloy  of  tin 
Hnd  falatinum  having  the  conipOAition  Pt'Sn'j  la  obtained  by  melting  1  pL  platinum 
with  10  pta,  tin^  leaving  tho  mass  to  cool  slowly  and  treating  it  with  bydrocbJoric  acid, 
which  diasolvea  oat  the  exeeaa  of  tin^  and  leuveB  the  alloy  iu  beautiful  gooden,  lined 
wit hetibic crystals,  or rhomboUedrona  having  their  aiiglea  very  near  to  90*^.  (DetiUa 
and  Debray^} 

Zinc  appears  aUo  to  form  a  definite  alloy  with  platinum*  annlogona  in  eompositiou 
to  the  prvoediug  and  obtained  in  like  manner.     (Deville  and  Debray.) 

Fx^Tzinmi,  s^mtimomtsim  of.    (See  p.  cgg.) 

PlfATSiru^f,  AJlSI£iria>S    of.    (See  p.  666.) 

PX>ATZWM,  BOSZBE  OF.  Platinum  heated  with  borax  and  charcoal,  melta 
Into  a  hard^  brittle,  aomewhaf  cry  atalline  mafia,  which  when  dlaaolved  in  nitromuriatlc 
acid,  leaves  a  reaidue  of  boric  acid  (Beaeot  ila,  Ann,  Chim.  Izvii.  8S).  Boron  heated  on 
pUlinum-foil  before  the  blowpipe  immediately  combines  with  tb«  nMtaU  forming  a  i»i1v<^r- 
whitt'  fuHible  eompound.  The  name  oomponnd  ia  likewise  obtainni  by  melting  spongy 
plttlinum  with  boron  iindt>r  a  layer  of  bonut  (Devill  e  and  Wohlcr)*  Boride  nf 
plutiiinni  is  caMily  pulverised  ;  it  is  but  elowly  attacked  by  nitromuriatie  acid.  Its 
cM>m|M>sition  a(>pt*ar»  to  V>e  PtB.     (Martina.) 

F&JkTIBnrM,  B&OMil>a  of.  The  only  bromide  of  pktinnm  known  is  the 
titrahromidf^  I'tBr\  which  is  a  brown,  deliqueacent  cuiuiiomul,  olitJiined  by  diaaolving 
i4atinum  in  a  mixture  of  hydrobromic  antL  nitriu  acidji,  and  evaporating  at  a  gentle 
lieuL  It  unites  with  the  more  basic  metaDic  bromides,  forming  double  salts  exiled 
bromoplatinates^  having  the  composition  M*PtBr*  «=  '2MBr.Pt'  *  Br*  and  M^PtBr*  - 
M^Br^.l^^'Br*.  The  poUusium-Bult  a€'{>aratH»  from  a  mixture  of  the  tiolutiana  of  the 
component  bromidee,  by  spontaneous  evaporation,  in  regnlar  octahedrons  and  cubo-octa* 
liednms  of  a  red  colour;  it  is  sparingly  soluble  in  water,  insoluble  m  alcohol. — The 
MiH/ium-mit  prepared  in  a  aimilar  manner,  crystallises  iu  durk-red  pnsma,  permanent 
in  the  air,  easily  ftolublc  in  water  and  iu  alcohol. — 'Die  barium-,  atitium'^  ma^tm»m-^f 
fttnut^anrsr-,  and  rinc-f tilts  alt!>Q  eryatallisc  in  dark-red  prisma.  (Bonsdorff^  Pogg. 
Ann.  lix,  3i4  ;  xxxiii.  61.) 

F^ATXWUBCt  OASSrz>S  OF.  This  compound  is  obtained  by  boiling  pUtinic 
chturide  with  tartaric  acid,  or  by  calcining  certain  organic  platiuum^salts  at  a  moderate 
hent.  It  ts  black,  insoluble  in  water,  decompoeible  by  nitromuriatic  acid,  which 
dii^sijlves  the  platinum  and  leaves  the  carbon. 

PLATivinttf  CKXiOitzl^BS  OF*  Platinum  Ibrma  two  chlorides,  namely,  a 
di-  rtiid  H  tt'triichloridtn 

l>lotilorlde  of  FlAtinit&a  or  Flattnoiia  CtUorlde,  PtCP.  (ProfocA^bnt^,  ac- 
cording to  the  older  atomic  weight  of  |iltiUnimi.)  -This  compound  ia  pn-pared  by 
dissolving  platinum  in  nitromariatic  add,  evH|tor?\ting  to  drynes*,  ana  cautiously 
beating  t^e  residue  in  an  oil-bath  to  200^,  till  it  becomes  insoluble  in  water.  It  ia  a 
grernifih-brown  solid  body,  permanent  in  the  air  at  ordinary  temperatures,  but 
blackening  on  the  surfiice  by  long  Pipo*ure  to  light  It  is  iusoluUe  in  ttatfr,  vitric  at%d, 
a  lid  sulphur  h  (uid^  but  dissolves  completely  in  hifdrocM<mc  aitd,  as  dichloride  if  pro- 
tect*^d  from  tht'  :dr,  as  tetrachloride  if  the  air  had  access  to  it  The  oolutiun  of  the 
pure  diehlorid**  has  a  dark  brown  colour,  givea  with  potash  «  dark  brown  pren'pitate 
of  platinoii*  hydrate,  and  with  ammonia  a  green  crystalline  p(re<Mpit*ite  of  di.immonio- 
platiuous  chloride,  N'H'PfCP,  insoluble  in  cold  water  and  iu  alcohol  (see  Platixu*!- 
EasRs).  Pktinoua  chloride  dinHolre*  in  eaustiV  potash  or  soda,  and  alcohol  added  to 
the  tk»1ution  tlirows  down  the  whole  of  the  platinum  as  platinnm-black  (p.  664).  It  is 
completely  resolved  at  a  red  beat  into  chlorine  and  platinuni. 

If  the  heating  of  ttie  plafinlo  ehluridc  be  diseontinned  before  half  the  chlonDe  hsa 
b^v-ri  driven  off,  thert«id«ediW)lves  in  water,  forming  a  dark  brown  solution  Nttpposed 
by  Mrt^uns  to  contain  plat  inoso^  plat  in  io  chloride.  On  eTapor»tin|Er  thi«  solution, 
platincaia  chloride  sepanit^s  sn  a  brown  precipitate  more  soluble  in  hydrochloric  aiid 
th,in  the  original  green  compjund,  and  regarded  by  Bentelittt  us  a  peculiar  modification. 
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Chloroplatinites. — Flatinous  chloride  unites  with  the  more  basie  metallic 
chlorides,  forming  double  salts  represented  by  the  formula  M'Pt''CI*  ■>  2MCUPt''GI* 
and  M"Pt"Cl*  -  M"C1»J^''C1«. 

Chloroplatinite  of  ammonium,  (NH*)*Pt"Cl\  is  produced  by  adding  aal-ammontae  to 
a  solution  of  platinous  chloride  in  hydrochloric  acid,  and  crystallises  by  eTsporatioii  in 
red  four-sided  prisms. 

ChloroplaHnite  of  Barium,  Ba'TfCKSHK),  is  obtained  by  saturating  a  solution  of 
platinous  chloride  in  hydrochloric  acid  with  carbonate  of  barium,  and  crystallisea  by 
spontaneous  eraporation  in  dark  red  four-sided  prisms,  easily  soluble  in  water, 
^>arinKly  in  alcohol  of  90  per  cent  It  appears  to  give  off  only  2  at.  water  at  100^. 
The  s(3ution  mixed  with  ammonia  deposits  the  green  salt  of  Magnus  (p.  674).  (J. 
Lang,  J.  pr.  Chem.  Ixxxyi.  126 ;  Jahresb.  1863,  p.  230.) 

Chloroplatinite  of  Lead,  Pb"Pt"Cl\  prepared  like  the  silver-salt  (infra)  resembles 
the  latter  in  appearance,  is  insoluble  in  cold  water,  and  is  decomposed  by  boiling 
water.     (Lang.) 

Chloroplatinite  of  Potassium,  K'Pt"Cl\  prepared  like  the  ammonium-«alt»  also  fonns 
red  four-sided  prisms,  moderately  soluble  in  water,  insoluble  in  alcohoL 

Chloroplatinite  of  Silver,  Ag^PtXl*,  separates  on  mixing  a  solution  of  the  potassinm- 
salt  with  nitrate  of  silver,  as  a  light  red  precipitate.  It  is  insoluble  in  water,  blackens 
when  exposed  to  light,  and  gives  up  all  its  platinum  to  warm  hydrochloric  acid.  Am- 
monia first  dissolves  out  the  chloride  of  silver,  and  leaves  a  yellow  substance  which 
gradually  dissolves  in  a  large  quantity  of  ammonia,  forming  a  colourless  solntioo 
which  when  left  to  evaporate,  deposits  a  yellow  powder  and  colourless  prisms. 
(Lang.) 

The  sodium^alt,  Na*Pt'Cl\  is  soluble  in  water  and  in  alcohol,  and  difficult  to  czys- 
tallise. 

Stannous  chloroplatinites. — Platinous  chloride  forms  with  stannous  chloride  two 
double  salts,  which  are  obtained  by  dissolving  stannous  chloride  in  a  solution  of  plati- 
nous chloride  in  hydrochloric  acid,  and  evaporating,  the  one  or  the  other  being  formed 
according  to  the  proportions  in  which  the  salts  are  mixed.  That  which  contains  the 
smaller  proportion  of  stannous  chloride  is  a  crystalline,  olive-ereen,  deliquescent,  saline 
mass ;  that  containing  the  larger  proportion  of  stannous  chloride  is  red ;  both  are 
slightly  soluble  in  water,  and  are  decomposed  by  dilution  with  water.     (Kane.) 

Chloroplatinite  of  Zinc,  Zn"Pt"Cl*,  is  formed,  according  to  Hiinefeld,  when  sine  is 
immerseo  in  an  aqueous  solution  of  platinic  chloride.  It  forms  small,  hard,  shining, 
yellow  crystals,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water,  and  precipitated 
by  alcohol. 

TetraobloHde  of  Platiniam  or  Vlatlnio  Cbloride,  Pt*^Cl\  (Diclklonde, 
according  to  the  old  atomic  weight  of  platinum.) — This  compound  is  obtained  by  dis- 
solving platinum  in  nitromuriatic  acid  and  evaporating  the  solution  over  the  water-bath. 
It  then  remains  as  a  brown -red  mass,  which,  if  pure,  dissolves  in  water  and  in  alcohol 
with  reddish-yellow  colour;  generally  however  it  is  red,  owing  to  the  presence  of  a 
small  quantity  of  iridium.  If  more  strongly  heated,  it  gives  off  chlorine  and  leaves 
first  platinous  chloride  and  then  metallic  platinum. 

The  solution  of  platinic  chloride  gives  with  potash,  ammonia,  and  their  salts,  a  yellow 
crystalline  precipitate  of  chloropladnate  of  potassium  or  ammonium,  sparingly  soluble 
in  water,  insoluble  in  alcohoL  When,  however,  dilute  a()ueous  ammonia  is  added  in 
excess  to  an  a(^ueous  solution  of  platinic  chloride  too  dilute  to  yield  a  precipitate  of 
the  chloroplatinate,  a  pale  yellow  powder  is  precipitated  after  a  while,  consisting  of 
>I'H*Pt'*Cl*  (see  pLATiin7M-B^ss).  Caustic  soda-solution  forms  no  precipitate  in  the 
cold,  but  on  warming  the  solution  a  brownish-yellow  precipitate  is  formed  consisting  of 
platinate  of  sodium. 

Sulphydric  acid  produces  in  a  solution  of  platinic  chloride,  at  first  only  a  brown 
coloration,  afterwards  a  brown  precipitate  of  platinic  sulphide. 

Sulphide  of  ammonium  produces  the  same  precipitate,  but  redissolves  it  when  added 
in  excess. — Iodide  of  potassium  colours  the  solution  brown-red,  and  precipitat4*8  bruwn 
platinic  iodide. — Stannous  chloride  colours  the  solution  brown-red. — Mercuric  nitrate 
forms  a  copious  reddish-yellow  precipitate. — Mercuric  cyanide  forms  no  precipitate, 
thereby  anordiug  a  distinction  between  platinum  and  palladium  (p.  328).  Platinum 
is  not  so  easily  re<luced  to  the  metallic  state  from  its  solutions  as  gold. — Zinc  throws 
down  metallic  platinum  ;  so  likewise  doea  formic  acid  on  heating,  if  the  free  add  be 
neutralised  with  carbonate  of  sodium,  but  the  reduction  is  not  effected  hy  ferrous  sui- 
phate  or  oxalic  acid. 

A  compound  of  platinic  chloride  with  nitric  oxide,  said  to  contain  6(PtClM{*Cl'). 
4NO.10U'O,  is  produced,  according  to  Boye  and  Rodgers  (PhiL  Mag.  Nov.  1B40. 

f>.  397),  by  mixing  dry  phitinic  chforide  with  a  large  excess  of  nitromuriatic  add :  ths 
iquid  evaporated  to  a  syrup  deposits  the  compound  as  a  yellow  czystalliiie  powder. 
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trhich  doi«  not  give  off  wat«r  at  100^,  hnt  io  contact  with  water,  is  retolreil^  wiiU 
e(R»rvf«c«'ae«,  into  iu  cooititiieotA. 

CbloropUtinateB,  MTl'^Cl*  -  2MCLPt"Cl*  and  M'Pl»*a«  -  M"Cl«.Pt"'Cl*, 
— PUiioie  chlotid«  anilM  with  other  metaUic  chtorides,  forming  m  cImm  of  well-defined 
doubb  aaltai  mmoo^  which  the  poCaasium-  and  ammoniuni-Baiu,  on  aocount  of  thc^ir 
spnritig  aotabilitj  in  water  ana  imtolubilitjr  in  aloobol,  are  of  especial  impoit&nr«  in 
iUialjiiKf  affording  the  tneoiLB  of  tiepaniting  and  eetimating  platinum  on  the  one  hand, 
And  pataesiiun  &ad  am  moo  i  am  on  the  other. 

CihroptaUnaU  o/AtHmtmium  or  Fhtinum-mU-ammoniac,  (NH*)'Pt''Cl*,  ie  preeipi- 
tat<id  ae  a  heary,  lemon-yellow,  cryitaUrne  powder  on  mixing  a  H>lution  of  platinTc 
chloride  with  sal-atnmuDim%  and  cirstalltaea  on  cooling  from  a  hot  aqueoue  solution  iu 
regular  ocbthedroos.  Whtm  igtrtLed  it  leavM  meLallic  platinum  in  the  spongj  nt&tt^, 
h  i«  but  ftlightljr  soluble  in  cutd,  more  soluble  in  hot  water;  very  slightly  solubb  in 
coM  wa^coDlAimng  ammonia,  abundantly  at  the  boiling  heat  (Freaeaius,  Ann.  Ch, 
PhamL  lix.  I18>.  A  cold  concentrated  solution  of  anl-amraoniac  precipitates  it  almost 
completer  ^m  its  aqueous  solution,  but  a  hot  eolution  of  that  salt  ais«olre>s  it  more 
abundantlr  than  pure  water,  and  the  solutirin  depo«its  a  coating  of  pbitfnum  oit 
ropper  and  brasa  whrn  they  are  boiled  in  it  for  a  ftw  s^condi^  (Bottger).  At  16°  — 
20^,  it  dissolves  in  26,536  pts^  aiookot  of  &7'^  per  cent. ;  in  1,406  pis.  alcohol  of  76  per 
cent.,  juid  in  665  pita,  aloobol  of  65  per  cent. ;  but  if  free  bydrocbloric  acid  is  preftvut, 
the  lalt  distolres  in  672  pts.  alcohol  of  7^  i>er  cent,  at  the  same  tempemturu 
(Freseniut).  Il  dJaaolres  easily,  with  deoompo^titioUi  in  a  warm  aqueous  solution  of 
potastie  MulpkoeifttmuU.    (GlaiiD.) 

€Uotopiaiinai§  o/  Banum,  Ba'Pl'^Cl'.lHH),  cr}'stallisefl  in  orange>yeIlow  prisms 
rf%s#>mbling  chromate  of  lead  (Bonsdorff,  Fogg.  Ann.  xrii.  251). — The  c^sium'satt^ 
Cs'Pt^'^a^  has  been  already  described  (i,  IU i).^The  atJtium-Mli,  €^''P%''C[*.BWO, 
cryiitalliBes  with  diMculty;  when  laid  on  bibulous  paper  it  d«:H>ropo«e«,  chloride  of 
calcium  deliquescing  out,  and  platimc  chloride  remsining. — The  cadmium-t  cobalt-^ 
copper-^  ma^tesium-,  matmana^,  nickel^,  and  rinc-satts  are  ii^omorphous,  cryHtallise  in 
rhombohedrons,  and  are  all  included  in  Uie  geoeval  formula  M"Pt"Cl*.6H*0. 

CUoroplatinate  of  Pttassium,  K^Pt*»Cl*,  aepaittles  on  mixing  a  solution  of  plattnio 
chloride  with  chloride  of  j>otassium,  in  yellow  oystalline  grains  baring  the  form  of 
the  regular  ocliihedron.  It  is  not  completely  reduced  by  simple  ignition,  but  when 
ientted  with  oxalic  S(ud,  or  in  a  stream  of  hydrogen,  it  is  completely  resolved  into 
cnlonde  of  potassium  which  may  be  dissolved  out^  chlorine  which  goes  off  as  hydro- 
chloric acid,  and  metallic  platinum.  The  salt  i*  spuringly  soluble  in  umtir^  iuaoloble  or 
nearty  so  in  alcohol.  Its  solubility  in  water  at  \'arious  temperatores,  together  with 
the  solubilities  of  the  corresponding  ciesium-  and  rubidium-sslts,  as  determined  by 
Kirchboff  and  Bun  sen  (Fogg.  Ann.  exiii.  372),  is  given  under  Cmsivu  (i.  1114). 
It  dissolves  at  15**— 20<>  in  12,083  pts,  ah\thol  of  ^1'6  per  cent,  in  3,775  alcohol  of  76 
per  cent.,  and  in  1,053  pti.  alcohol  of  65  per  cent. ;  but  if  a  small  quantity  of  free  hy- 
drochloric acid  is  present,  it  dissolves  in  1,835  pts.  i&lcohol  of  76  por  cent .  ( F  r e  s  e  n  i  u  s, 
ioc.  cit).  It  is  slightly  iolnble  in  aeid«t  djasolves  with  yellow  colour  in  cwnth potash, 
but  is  insoluble  in  allcatlne  carbonates.     (H,  Rose.) 

Chloropiatinate  of  Bubidium,  Eb'Ft"'Cl*. — Flatinic  chloride  forma  in  solutions  of 
rubidium,  especially  at  the  boiling  heat,  a  light  yellow,  heav'j,  pulverulent  precipitate, 
which  appears  under  tha  mieroaoopa  to  be  composed  of  transparent,  shining,  regular 
octahedrons.  It  is  (|uil«  insoluble  in  alcohol,  and  much  less  aoluble  in  water  than  the 
potaseium-salt.  It  is  deoompoaed  by  hydroften,  partially  even  in  the  cold,  and  com- 
pletely at  a  red  heat,  yielding  a  mixture  of  cmoridc  of  rubidiam  and  metallic  platinum. 
(Buns  en.) 

ChioroplatinaU  of  Sodium,  Na*R<'Cl».6H»0,  crystallises  in  transparent,  %ht  yellow 
prisms  easily  soluble  in  water  and  in  alcohol.  ^ 

A  compound  of  platinic  chloride  with  pfatinaU  qf  calcium^  PtCl*.Ca*Pt*'0',  is  pro- 
duced, according  to  Doberetner,  by  exposing  the  chloride  mixed  with  milk  of  lime  and 
a  large  qunntity  of  lime-water  to  suiibhine,  as  a  white  precipitate  which  turns  yellow- 
ish on  boiling. 

yzuLTZMirac,  CTAVZBaB  OF.    (See  Orajfisiii,  ii.  260.) 

9J^A.TT«JrWS^  DSTSC*rXOir  .ajm  SSTZBCATZOW  OT.—  LBtow^ipt 
Tf action*. — All  pint inum-couitiountis  arw  reduced  to  gpongy  platinum  in  the  inner 
flame  ;  none  of  them  ^ive  any  colours  to  borax  or  mierocosmic  salL  The  spongy  plati- 
num cannot  be  fused  mto  a  globule  before  the  blowpipe. 

2.  ReactionM  in  iSo/u^ion.^Platinum  aim  ait  always  occurs  in  solution  in  the 
form  of  tetrachlor  ide,  the  reactions  of  vhich  have  been  already  detailed,  ^luliona 
of  platinic  oxygen -salts,  the  sulphate  and  nitrate,  for  example,  exhibit  for  Ihu 
\  part|  the  same  reactions ;  with  p&tash  or  ammonia  however,  they  fcrm  a  yellow- 
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browD  precipitate,  and  ^•lihchloride  of  potassium  or  ammonium^  a  slight  jellow  precipi- 
tate of  chloro-platinate  after  some  time  only. 

Solutions  of  platinous  salts,  e.ff.  the  sulphate  and  nitrate,  and  the  double  salts  of 
platinouB  chloride,  are  distin^ished  ^m  those  of  platinic  salts  by  giving  no  precipi- 
tate with  aal-amnwmac  or  with  potash.  With  carbonate  ofpotassium  or  sodium  Xhej  form 
a  brownish  precipitate.  Amnumia  added  to  the  solution  of  platinous  chloride  in  hydro- 
chloric acid  throws  down  a  green  crystalline  precipitate  (p.  667);  carbonate  of  ammoDiam 
forms  no  precipitate.  With  sulpht/drtc  acid  and  sulphide  of  ammonixtm^  platiuoos  solu- 
tions form  a  black  precipitate  soluble  in  excess  of  the  ammoniom-sulphide. 

3.  Estimation  and  Separation. — For  quantitative  estimation,  platinum  \m 
usually  precipitated  from  its  solutions  in  the  form  of  chloroplatinate  of  ammonium.  The 
acid  solution  of  platinum,  after  sufficient  concentration,  is  mixed  with  aveiy  strong  solu- 
tion of  sal-ammoniac,  and  a  sufficient  quantity  of  strong  alcohol  is  added  to  render  the 
precipitation  complete.  The  precipitate  of  chloroplatinate  of  ammonium  is  then  washed 
with  alcohol,  to  which  a  small  quantity  of  sal  ammoniac  has  been  added,  and  then 
heated  to  redness  in  a  weighed  porcelain  crucible,  whereu^n  it  is  decomposed  and  leaves 
metallic  platinum.  Great  care  must  however  be  taken  m  the  ic;nition  to  prevent  Xoes^ 
as  the  evolved  vapours  toe  very  apt  to  carry  away  small  particles  of  the  salt  and  of 
the  reduced  metal.  The  best  mode  of  avoiding  this  source  of  error  is  to  place  the 
precipitate  in  the  crucible  enclosed  in  the  filter^  and  expose  it  for  some  time  to  a  mode- 
rate heat,  with  the  cover  on  the  crucible,  till  the  filter  is  charred,  and  then  to  a  some- 
what higher  temperature  to  expel  the  chlorine  and  chloride  of  ammonium.  The 
crucible  is  then  partially  opened  and  the  carbonaceous  matter  of  the  filter  burnt  away 
in  the  usual  manner.  When  these  precautions  are  duly  observed,  not  a  particle  of  pla- 
tinum is  lost.  Instead  of  ig:niting  the  the  precipitate  and  weighing  the  platinum,  the 
precipitate  is  sometimes  collected  on  a  weighed  filter,  dried  over  Uie  water-lMnth  and 
weighed ;  but  this  method  is  less  accurate,  because  the  precipitate  always  contains  an 
excess  of  sal-ammoniac.    (H.  Rose.) 

Chloride  of  potassium  may  also  be  used  instead  of  chloride  of  ammonium  to  precipi- 
tate platinum,  the  concentrated  solution  of  the  platinum  being  previously  mix^  with 
a  sufficient  quantity  of  strong  alcohol  to  bring  the  percentage  of  alcohol  in  the  liquid 
to  between  60  and  70  per  cent  The  precipitated  chloro-platinate  of  potassium  is  then 
washed  with  alcohol  of  60  to  70  per  cent  and  decomposed  by  simple  ignition  ic  a 
porcelain  crucible,  if  its  quantity  is  small,  or  in  an  atmosphere  of  hydrogen  if  its 
Quantity  is  larger;  the  chloride  of  potassium  is  washed  out  by  water ;  and  the  platinum 
dried,  ignited,  and  weighed. 

The  same  methods  of  precipitation  serve  also  for  the  separation  of  platinum  from 
most  other  metals,  from  all  indeed  excepting  silver,  lead,  and  mercurosum,  which  form 
insoluble  or  sparingly  soluble  chlorides,  and  from  the  other  metals  of  the  platinum 
group. 

From  mercury  (in  mercurous  solutions)  and  from  silver,  platinum  is  easily  sepa- 
rated by  precipitating  the  mercury  or  silver  with  hydrochloric  acid;  from  lead  by  pre- 
cipitation with  sulphuric  add.  To  separate  platinum  from  silver,  when  the  two 
metals  are  combinea  in  an  alloy,  the  best  method  is  to  heat  the  alloy  with  pure  and 
strong  sulphuric  acid,  diluted  with  about  half  its  weight  of  water,  till  the  sulphuric 
acid  begins  to  escape  in  dense  fiimes.  The  silver  is  thereby  converted  into  sulphate*, 
and  the  platinum  remains  behind  in  the  metallic  state.  The  sulphate  of  silver  is  dis- 
solved by  a  large  quantity  of  hot  water,  the  platinum  washed  with  hot  water,  and  again 
treated  with  sulphuric  acid,  to  separate  the  last  traces  of  "silver. 

From  iridium,  platinum  is  separated  by  precipitating  the  two  metals  together  with 
sal-ammoniac,  and  reducing  the  chloro-iridiate  of  ammonium  to  soluble  chloriridite  by 
the  action  of  sulphurous  acid  or  other  reducing  agents  (iii.  319,  320);  from,  osmium, 
by  volatilising  the  latter  as  osmic  tetroxide  (p.  244);  from  palladium,  by  precipi- 
tating that  metal  as  cyanide  (p.  328).  For  the  method  of  separating  it  from  rhodium 
and  ruthenium,  see  those  metals ;  also  Platinum-orb. 

4.  Atomic  Weight  of  Platinum. — Berzelius  (Lehrhuch,  6  Aufl.  iii.  1218) 
found  that  6*981  grms.  chloroplatinate  of  potassium,  2KCLPtCl*,  lost  by  ignition  2*024 
grros.  chlorine,  and  left  a  mixture  of  2  822  grms.  platinum  and  2*135  grms.  chloride 
of  potassium ;  hence, 

^  =  Si- ^^^'-ItS- ""•''-'"•'• 

PZ.ATZOTM,  rZiVOSZDa  OF.  Platinic  Fluoride,  PtF,  is  obtained,  according 
to  Berzelius,  by  dropping  a  solution  of  potassium-fluoride  into  a  neutral  aqueous  solu- 
tion of  platinic  chloride,  as  long  as  a  precipitate  of  chloroplatinate  of  potassium  con* 
tinues  to  form,   evaporating  the  filtrate   to  dryness,    dissolring    out   the   platinie 
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fltfariili)  t>T  iit(X>ljol,  Adding  w&t«r,  and  ojgtkm  ^vaporAtiug  Hi  ii  beat  Mow  60*^.  Tkn 
flii<md«<  then  ivmaiuM  a»  n  aon-cryst«llm«,  yellow,  traoflpttrest  masei,  ]><'rf(H*fly  K^lnblu 
in  wal(«r.  At  »  higher  t^mpf^ratnre,  it  beooiDes  dark  brown,  and  when  digej^tai  in  waU^r 
IcMvcs  a  ttrovrti  Vtanic  salt    It  forma  dotibl#^  salts  with  the  flitorides  of  the  alkali'DH'talM, 

91»JLTJWU^mt  ZOBZOllS  OF.  FtaiinouM  iodide,  PtP,  and  Hat  hue  iodide,  PtlV 
arf  Ma'^k.  amorj)hoiiK  <.<iaTnp(]iindA  obtained  bj  \-  '1/  the  eorr«*sponding  ehloridps 

with  ifKlidf  of  potaa^ium*     Buth  are  ftolnble  i(i  aeid. 

rinrinic  iodiile  nnitwt  vrith  the  more  bnaic  m.  .x..,.  .^.  i;de8.  forminz  brown  or  bkck 
rp)i*t«imnabk'C»impound*,  M*Pt»*I*  »  2MLPt"l*,  which  yield  d^rk  rt'd  Bolutiona.— Th« 
amm&nium-.m!f  crj-NtnlliHw  in  square  tublets  ;  ih^  jmt it xnnm-salt  in  blacky  rrctaugular 
tablet*  with  /our-iided  pyrumidB  attached ;  the  Jwdtumsali  b  lettd-gwy,  atmted,  deJi^ 
qnpAcifit  «e«llM, 

FIbATIXI  UMi  IflXRXOa  of.  Pt'K*.— Obtained  by  heating  the  eomponnd 
4Ni(*  Pt'H'^J*  (R.  JBol'ft  hAHi),  to  180^  It  decompose auddmly  at  190^  with  evolu- 
fion  \if  Jiitrogen. 

TJUktmiXW^  QM^imM  OF.  Plattnum  forms  two  oxides  eorresponding  to  r\w 
rldrjruli'A  namely,  Pt"0  and  Pt''0»  both  of  which  are  salifiable  baae«.  According  to 
E.  Davy,  there  is  alao  an  oxide  of  intermediate  oomposition. 

PlAtlnona  OiUde  is  obtained  n»  a  hydiAte,  PfO.B^O  or  Pt'TTT>»  by  dlpettinji 
plntinnUM  chloride  in  a  warm  solution  of  potaah  and  washing  the  prmpitate.  Part  of 
the  platinoio)  by  drat*?  however  rem^na  diasolred  in  tlie  alkiw  and  mny  be  precipit<iti>d 
by  nrutraiiaing  the  liouid  with  iruJplmric  acid.  The  hydrate  ia  a  btUay  bluck  powder^ 
easily  deeompoaed  by  licat^  giving  offftnt  wat*!r  and  afterwards  orrgt^n.  Acconiing  to 
Beneliu*,  it  may  be<»nTerted  by  a  Tcry  gentle  heat  into  anhydmns  platiDouA  oiido,  H'Tl 
It  di«Holres  slowly  in  arida,  forming  linkable  salts,  the  rpactiona  of  whieh  huTcalrt'ady 
liei  n  deacribed  (p.  670).  By  boiling  hydrochloric  Oirid  it  is  resolred  into  itqueons  pla- 
tinie  chloride  and  metallie  platinum.  When  recently  precipitated  it  dieaolren  in 
jf*t(ath  atid  in  Moda^  forming  lalta  called  platin  ites,  whidi  appear  aliso  to  bo  formed 
when  metallic  platinum  ia  heated  with  caostic  alkali^^  (p.  665). 

Platinoua  oxide  fbmit  with  ammonia  the  two  compounds  2NH*.PtO  and 
4N  H*  J*tO.H*0,  which  however  are  not  produced  by  direct  combination.  (See  PLATunrM- 

BASKS.) 

Platlnle  Oxldei  Pt'^O^  — Thifi  oxide  ia  aomewhHt  diMcult  to  obtain  in  the  pure  state, 
—  1.  From  mii«t  platiunm^fulta  alkalis  throw  down  b&Mic  double  aalta;  but&om  platiuic 
nitrate,  potash  ihruWH  down  at  first  the  pure  bydmte,  which  may  be  sepontted*  and  after- 
WfifdH  the  double  etalt  (Berreliue).— 2.  The  hydrate  may  alao  be  obtained  by  prt^ipt- 
fatlupt  a  hot  solution  of  pLatinic  Hulphatp  with  r^irbonate  of  CHlcium,  dissolring  out  tW 
exi''t''H^  of  that  8ub«itaucL'  from  the  prqeipit^tte  by  means  of  aeetieaeid,  and  then  washing 
it  for  a  long  time  I  to  rt»move  the  K)puni)  (Wittstein).^ — 3.  Dobereiner  miif^  plafinie 
cliloride  witli  rxcesA  of  sodic  cnrb«jnate,  eraporiites  to  drynew,  heats  the  mixture 
^Mitly»  and  dis^oWea  out  the  chloridn  and  exeeas  of  carbonate  of  «(Mlium  with  water* 
There  thi^n  remains  a  platinate  of  aodium  cootaiuing  Nn*0.3PtO'.6H'0,  fiom  which 
nitric  neid  remores  the  Hoda  without  diaeolving  the  platinic  oxide. 

The  hydrate  (1)  when  recently  precipitated,  haa  a  rushr  colour,  like  that  of  hydrat«d 
ferric  oxide;  in  drying,  it  shrinks  together  into  a  yellowish-brown  ma&i.  Whenheatvd, 
it  givea  oflT  water,  and  turns  blsck  (BerKel  ius). — (2)  is  an  umber-brown  powder 
which  does  not  deeompoae  at  100**,  but  at  a  stronger  beat,  is  resolved*  with  explosion 
and  scattering  of  part  of  the  mass  in  the  form  of  a  blackish  fume,  into  aqueous  rapour, 
oxrgeii  gas,  and  platinum  { Wi  1 1  s  t  e  i  n).  When  g^^ntly  hettted  it  is  conTerted  into  the 
anhydrooi  oxide,  PtO*  which  ie  a  black  powder. 

A  blue  platinic  oxide  is  formed,  according  to  Htttorf^  whenpbitinum  dipping  into  futni 
nitrate  of  potaasium  ia  made  to  form  the  negative  pole  of  a  Toltaic  circuit;  it  then  fioiia 
rontinuallj  from  the  platinum  in  the  form  of  a  blue  liquid  which  afterwards  changes 
into  y follow  and  green  oxide.  In  nitrate  of  sodium,  the  oxidation  is  we-aker  And  the 
blue  colour  lighter  and  fiunr,  the  blue  oxide  thus  formed  changing  its  colour  only  to 
yellowish-brown. 

Platinic  hydrate  diasolTes  in  acids.  The  Bolutiona  yield  on  evaporation  iincryf^alli- 
eable  platinic  salts,  the  reactions  of  which  hare  been  already  desc'ril>ed  (p.  66^). 
They  may  ako  be  obtained  by  decomposing  a  solution  of  platinic  chloride  with  tha 
|>.jt:is<«ium&alt  of  the  required  acid.  Chlorophitinate  of  potasiiium  is  then  pmcipitated, 
liTid  another  platinic  salt  (sulphate,  nilmte,  ^c.)  remains  in  solution. 

Plalintc  oxMc unites  with  strong  basf»,  forming  salts  which  may  be  called  plati- 
nntf  fl.  Thc-y  are  obtained  by  heaticg  the  correjtpouding  chloroplatinatea  with  excess 
of  the  alkali* 

Piulinttie  vf  barium  is  precipitated^  according  to  Bemelius,  as  a  light  yeUow  powder, 
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when  a  platinic  salt  ia  supersaturated  "with  baryta ;  it  is  resolved  at  a  red  heat  into  pla- 
tinum and  baryta. — Platinate  of  caicium  is  obtained,  according  to  Herschel,  by  expofling 
a  mixture  of  platinic  chloride  and  excess  of  lime-water  to  sunshine;  but,  aocoramg  to 
Bobereiner,  the  precipitate  thus  formed  likewise  contains  chlorine  (p.  669). — Platinate 
of  potassium  is  prepared  by  mixing  chloroplatinate  of  potassiimi  with  an  excess  of 
potassic  hydrate,  moistening  the  mass  with  water,  gradually  heating  it  to  doll  rednesa 
and  removing  the  excess  of  alkali  by  washing  with  water.  It  has  a  rust-brown 
colour ;  dissolves  slowly  in  hydrochloric  acid,  not  in  nitric  or  sulphuric  acid ;  is  resolved 
by  heat  into  platinous  oxide  and  potash ;  and  detonates  violently  with  combustible 
bodies  (Berzelius). — Platinate  of  sodium  is  obtained  by  exposing  a  mixture  of 
aqueous  platinic  chloride  and  carbonate  of  sodium  to  sunshine,  as  a  reddish-yellow, 
partly  cryst^ine  precipitate,  NaK).3PtO'.6H»0,  which  when  heated  to  redness,  first 
gives  off  water,  then  oxygen,  and  leaves  a  black  residue  from  which  the  soda  may  be 
dissolved  out  by  water.  It  is  decomposed  by  acids,  which  dissolve  out  the  soda  and 
leave  the  platinic  oxide.  (Weiss  and  Dobereiner,  Ann.  Ch.  Fharm.  xiv.  26.) 
Respecting  the  compounds  of  platinic  oxide  with  ammonia,  see  Pultiitum-basbs. 

P&iLTIVUll«  OXTOSW-8A&T8  OV.  The  oxides  of  phitinum  dissolve  in 
OJ^gen-acids,  but  the  resulting  salts  have  but  little  stability.  Platinous  nitrite  and 
sulphite  however  unite  with  the  sulphites  of  the  more  basic  metals,  forming  czystal* 
lisable  double  salts. 

Platinous  Nitrites, — A  solution  of  chloroplatinate  of  potassium  mixed  with 
nitrite  of  potassium,  gradually  de^sits  potassio-platinous  nitrite,  KTt''(NO*)\ 
in  colourless,  six-sided  prisms,  which  are  permanent  in  the  air,  sparingly  soluble  in  the 
mother-liquor,  dissolve  m  27  pts.  water  at  15°,  in  a  smaller  quantity  of  warm  water, 
and  separate  from  the  solution  unaltered.  By  slow  evaporation  of  a  more  dilute 
solution,  efflorescent  rhombic  prisms  of  a  hydrated  salt,  K'Pt  (N0'^\2H*0  are  obtained. 

The  corresponding  sodium-salt  is  very  soluble  in  water  ana  can  be  obtained  in 
the  crystalline  state  only  by  evaporation  in  vacuo.  A  hot  saturated  solution  of  the 
potassium-salt  mixed  with  nitrate  of  silver,  deposits  the  argento-platinous  salt, 
As;^iy(NO*^*,  in  faintly  yellowish  tablets  which  blacken  quickly  when  exposed  to  light. 
This  salt  decomposed  by  chloride  of  ammonium  yields  the  ammonium-salt, 
(NH*)*Pt'*(NO*)*,  which  by  evaporation  in  a  vacuum  is  obtained  in  pale  yellow  prisms 
permanent  in  the  air ;  its  solution  gives  off  nitrogen  when  boiled.  Mercuroso-pla- 
tinous  nitrite,  Hg*Pt'(NO*)*.HK),  is  obtained  as  a  yellowish- white  precipitate  by 
decomposing  the  potassium-salt  with  a  dilute  slightly  acid  solution  of  mercurous 
nitrate.  Baryto-platinous  nitrate,  Ba"Pt'(N0*)*.3HK),  is  obtained  by  decom- 
posing the  silver-salt  with  chloride  of  barium,  and  evaporating  the  filtrate  at  a  gentle 
heat,  in  colourless  octahedral  crystals,  slightly  soluble  in  cold  watex.  By  decomposing 
the  solution  of  this  salt  with  an  exactly  equivalent  quantity  of  sulphuric  acia,  and 
evaporating  the  filtrate  in  a  vacuum,  hydro-platinous  nitrate  or  acid  plati- 
nous nitrite,  H<Pt''(NO')^  is  obtained  as  a  red  saline  mass,  composed  of  inoistinet 
prismatic  crystals.  Neutral  platinous  nitrite  is  not  known.  (J.  Lang,  J.  pr.  Chem 
Ixxxiii.  415;  lUp.  Chim.  pure,  iv.  220 ;  Jahresb.  1861,  p.  S17.) 

Platinous  sulphite  and  its  double  salts  will  be  described  under  Sulphites. 

PUkTm  U M«  PB08PKZ1>a  OV.  Platinum  combines  readily  with  phosphorus, 
becoming  brittle  and  fusible.  Phosphide  of  platinum  is  silver-white,  hard,  has  a 
crystalline  fracture,  and  is  more  fusible  than  silver.  Schrotter,  by  heating  spongy 
platinum  in  an  atmosphere  of  phosphorus-vapour,  has  obtained  a  phosphide  of  platinum 
containing  PtP»,  having  a  density  of  8*77. 

PXULTZHUMf  SBXAVZBa  OV*  Spongy  platinum  heated  with  pulverised 
selenium  forms  a  greyish  infusible  selenide. 

P&iLTZWaC.  SZ&ZCZBB  OP.  When  a  mixture  of  platinum  and  charcoal- 
powder  is  exposed  in  a  hessian  crucible  to  the  heat  of  a  forge-fire,  the  silica  in  the  cru- 
cible is  reduced  by  the  charcoal,  and  the  liberated  silidnm  unites  with  the  platinum, 
forming  a  brittle  compound  which  has  a  granular  fracture ;  it  dissolves  very  slowly  in 
nitromuriatic  acid,  because  it  becomes  covered  with  a  layer  of  silicium  which  opposes 
the  further  action  of  the  acid.     (Boussingault,  Ann.  Ch.  Phys.  [2]  xvi.  6.) 

Silicium  heated  in  a  pUtinum  crucible  causes  the  metal  to  fuse  on  the  surface,  and 
imparts  to  it  a  crystalline  texture.  If  the  heat  be  raised  to  whiteness,  the  platinum 
becomes  friable.  Silicide  of  platinum  containing  10  per  cent,  silicium,  is  hard,  brittle, 
and  fiisible  at  a  white  heat. 

By  fusing  platinum  with  excess  of  silicium  in  presence  of  crvolite,  a  white  compound, 
PtSi«,  is  formed  having  a  grey,  crystalline  fracture.  (Winckler,  Traiti  de  Chtmiepar 
Peloute  et  Frimy,  3~.  ed.  iii.  1268.) 

PXOLTIIVUM,    SZZiZCOPZiVOBZBB    OP.     The  yellow  solution   of  platinic 
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Dmd«  in  hjdioHiUMiilicie  «cid,  dnes  up  to  a  jdlowijib-brown  gnm,  which  whf  n  r«dii- 
Bolfud  in  >(&tiT,  lr{ire»  a  lm>wn  hn^'ic  !«\lf.     (Bcrxelios.) 

WMUkTtMtrm^  SVX.FSn»£S  or.  Two  sulpludeA  of  platinum  tM  kmwn, 
an&logous  io  oompoeition  to  the  oildt^. 

Ptatinou»  Sutphide,  Pt*S,  ii  obraioed  by  deeompociiif  pUtiooUB  chloddfi  wilh 
Bulphjdric  add  or  ah  alknhne  mlphide,  or  by  ht^ting  2  pt«.  of  lulphur  isnth  I  pt. 
of  dn«lj  difided  plHtioum  or  2  pU«  of  chlotDplutinate  of  mmmouium.  It  ia  «  bUck 
tabflt&Doe,  pemmaent  Id  the  air,  inioluble  in  wnter,  scaroely  attacked  by  mineral  acida 
•▼en  with  aid  of  heat*  When  ii  is  heated  in  contact  with  the  air,  the  anlphnr  buraa 
away  and  the  platinum  remaina.  Accoitling  to  Bottger*  it  acts  upon  alcohol  in  contaui 
with  the  air  like  pUtinum-black»  though  much  leas  rapidly. 

I^atinic  Sulphide,  Pl»'S*,  is  prepared: — 1.  By  dropping  aqueous  platinic  chlo- 
ride into  the  solntiOD  of  an  aUcaline  aulpbydnite,  or  by  paasiDg  snlphydric  gas  through 
a  flolution  of  sodio  chloroplatinate.  ("Ae  precipitate  ^rmed  by  aulphydric  acid  in  a 
solution  of  pkttnic  chloride  detonates  ptirtiidly  when  heated.) — 2.  By  digesting  1  pr,  of 
pltttinic  chloride  for  acTeral  days  with  I  pts.  alcohol  and  1  pt  sulphide  of  carbon.  The 
mixture  then  concretes  into  a  Slack  maatt,  which  when  waaned  wilh  alcohol  and  boiled 
Sfvc-nil  times  witb  water,  leaves  platinic  sulphide  to  b&  driad  in  avacnnm. 

Plutinie  sulphide  is  black.  WTien  hented  in  a  closed  Tcsselt  it  gives  off  half  ita  sul- 
phur and  is  couverted  into  platinous  bulphide.  When  it  is  expos«<l  to  moiat  air,  part 
of  its  Bulphnr  is  quickly  oxidised  to  sulphuric  acid.  Hot  nitric  acid  converts  it  into 
platinic  sulphite. 

Fiatinic  sulphide  dissolves  in  alkaline  hydrates,  carbonates  and  sulphides,  forming 
salts  Called  iulphoplatinates,  which  art  decomposed  by  acids* 

PZ^'i'tllUM,   UmtWnOCTAMATmB  or.     See  3in.FH0CT^KATBS. 

rXULTIViniC^llASSSt  AMMOirZACAli.  rKei^e  t,  Compt.  rend.  x.  870  ;  xi. 
711 :  iviii.  lim— Gros,  Ann,  Oh.  Pharm.  xxvii.  241.— Pey rone,  itfid.  Ii,  I;  Iv.  206; 
Ixi.  178.— Baewsky,  ibid.  Ixiv.  300;  Ixviii.  316.^0 erhardt,  Compt  chim.  1849. 
p.  "273;  Ann.  Ch.  Pharm.  lixvL  307.— Gm,  xvi,  296  ct  jr^,)— The  chlorides,  oxides, 
■ulphatea  dec.  of  platinum  are  capable  of  taking  up  ammonia^  and  fbrming  compounds 

which  may  be  represented  as  hydorajiiinea  ^'jj,^  [ »  hydrochloramines   ??5qi  {  Jkc, 

aimllaiiy  to  tlia  ammoniacal  compounds  of  mefvtiry  (iii  921).  In  tins  munner  ars 
formsd  the  five  aeriee  of  compoumls  formulated  in  the  following  table,  in  which  R 
denote*  a  monatomie  ohlorous  nidide : 


1.  Diutimonto-platinoits  impounds 

2.  Tetrammonio-platinons  compounds 

3.  Diammonio-pktime  oompounda 

4.  Tetrammoaio-platlnic  compounds 

5.  OLtanuDonio-di platinic  compounds 


2H'N 

•  Pt"R' 

4H'N  ( 

2H»N  { 

•  Pl>'H*t 

•  pi"K*i 

8H 

ii 

'Ft' 


I  - 


Pt"(R» 
Pt-|B* 

Pt'SR* 


'H"N    1  H»fS! 

'MO-l      -        ..  ]H' 


Any  number  of  atoms  of  the  monatomie  radicle  H  maybe  replaced  by  an  equivalent 
quantity  of  another  radicle,  mono-  or  polyatomic,  thus  giving  rise  to  ozyGhlorides, 
nitrato-chloridea,  oxalonitmtes,  &c. 

K  Liammanio'platinoua  Compounds, — These  compounds  are  formed  by  tJio 
action  of  boat  on  those  of  the  following  series,  half  the  ammonia  of  the  latter  being 
then  given  off.  They  are  for  the  most  part  insoluble  in  water,  but  dissolve  in 
ammonia^  reproducing  the  tetrammouio-platinous  compounds :  they  detonate  when 
bested. 

Ckt&tide^  Pc'lO** — ^  ^^  compound  there  are  three  isomeric  modiflcationa : 
a.  Ytflov,  obtaTned  by  adding  hydrochloric  acid,  or  a  soluble  chloride,  to  a  solution  of 
djammonio-plaritious  nitrate  or  sulphate^  or  by  boiling  the  green  modification,  y,  with 
nitrate  or  sulphate  of  ammonium,  whereupon  it  difisolvea  and  forms  a  solution  which, 
on  cooling,  deposits  the  yellow  salt  ■ — or,  by  neutralising  a  solution  of  plaiinuus 
chloride  in  hydrochloric  ncid  with  carbonate  of  ammoniunif  heating  I  he  mixtunt  to 
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the  Ijoiliiig  point,  and  adding  a  quantity  of  ammonia  equal  to  that  already  contained 
in  the  liquid,  filtering  from  a  dingy  green  substance,  which  deposits  after  a  while,  then 
leaving  the  solution  to  cool,  and  decanting  the  supernatant  liquid  as  soon  as  the  yellow 
salt  is  deposited,  fi.  Ned. — If,  in  the  last  mode  of  preparation,  the  carbonate  of 
ammonium,  instead  of  being  added  at  once  in  excess,  be  added  drop  by  drop  to  the 
hydrochloric  acid  solution  of  platinous  chloride,  the  liquid  on  cooling  deposits  small 
garnet-coloured  crystals  having  the  form  of  six-sided  tables.  This  red  modification 
may  also  be  obtained  in  other  ways  (Peyrone).  7.  Green. — This  modification, 
usually  denominated  the  green  salt  of  MagniLS,  was  the  first  discovered  of  the  am- 
moniacal  platinum  compounds.  It  is  obtained  by  gradually  adding  an  acid  solntion 
of  platinous  chloride  to  caustic  ammonia ;  or  by  passing  sulphurous  acid  gas  into  a 
boiling  solution  of  platinic  chloride,  till  it  is  completely  converted  into  platinous  chloride 
(and  therefore  no  lonper  gives  a  precipitate  with  sal-ammoniac)  and  neutralising  the 
solution  with  ammonia ;  the  compound  is  then  deposited  in  green  needles.  The  same 
modification  of  the  salt  may  also  be  obtained  by  adding  an  acid  solution  of  jplatinoua 
chloride  to  a  solution  of  tetrammonio-platinous  chloride,  N^H^'Pt^Cl*.      Hence    it 

would  appear  that  the  true  formula  of  this  ^een  salt  is  N<H'«Pt«Cl*-Pfa«  N«H«PfCP, 
that  of  the  yellow  or  red  modidcation  being  simply  N^H^Pt^Cl'.  Either  modification 
of  the  salt,  when  heated  to  300^,  gives  off  nitrogen,  hydrochloric  acid,  and  sal-ammo- 
niac, and  leaves  a  residue  of  platinum. 

Platinous  chloride  forms  similar  compounds  with  ethylamine  and  metbylamine 
(p.  679). 

A  red  crystalline  compound  of  diamraonio-platinous  chloride  with  chloride  of  am- 
monium, viz.,  N'H*PtCr''.2NH*Cl,  is  formed  when  a  solution  of  tetrammonio-platinous 
chloride  containing  a  large  quantity  of  sal-ammoniac,  is  evaporated  to  the  crystallising 
point  Thus,  when  a  solution  of  platinous  chloride  in  hydrochloric  acid  is  precipitated 
by  ammonia,  and  the  green  salt  of  Magnus  thereby  formed  is  heated,  while  still  in  the 
liquid,  with  excess  of  ammonia,  to  convert  it  into  tetrammonio-platinous  chloride,  this 
red  compound  separates  at  a  certain  degree  of  concentration,  together  with  the  tetzam- 
monio-platinous  chloride.     (Grimm,  ^n.  Ch.  Pharm.  zcix.  95.) 


Cyanide^  p^>  ^^— Obtained  by  adding  hydrocyanic  acid  to  a  solution  of  tetram- 
monio-platinous oxide,  cyanide  of  ammonium  being  fbrmed  at  the  same  time  (Bei  se  t): 
N*H'«Pt"0   +   4HCy     =     N«H«R"Cy«  +   2NH*Cy  +  H«0. 

Also,  by  digesting  ammonio-platinous  chloride  with  cyanide  of  silver.  It  crystal- 
lises  in  fine  regular  needles  of  a  pale  yellow  colour,  soluble  with  tolerable  facility  in 
water  and  ammonia.  A  polvmeric  modification  of  this  compound,  N*H"Pt*Cy*  ■- 
N*H"PtCy*.PtCy',  is  formed  by  passing  cyanogen  gas  into  a  moderately  concen- 
trated solution  of  tetrammonio-platinous  oxide;  the  cyanogen  then  decomposes  the 
water,  forming  hydrocyanic  and  cyanic  acids,  and  the  hydrocyanic  acid  acts  upon  the 
tetrammonio-platinous  oxide,  forming  the  compound  N*H"Pt*Cy*,  together  with 
ammonia  and  water : 

2N*H"PtO   +   4HCy     -     N*H»Pt»Cy*   +   4NH»   +   2H«0. 

The  compound  N*H"Pt*Cy*  crystallises  out  and  may  be  purified  by  recrystallisation 
from  water.  It  is  also  obtained  by  mixing  a  solution  of  tetrammonio  platinous  chloride 
with  cyanide  of  potassium.  It  forms  crystals  which,  under  the  microscope,  appear  like 
six-sided  tables  arranged  in  stellate  groups;  it  dissolves  without  decomposition  in 
potiish,  hydrochloric  acid,  and  dilute  sulphuric  acid,  but  is  decomposed  by  strong  sul- 
phuric and  by  nitric  acid.     (Buckton,  Chem.  Soc.  Qu.  J.  iv.  34.) 

Iodide^  pf^fjs  • — Yellow  powder,  obtained  by  boiling  the  aqueous  solution  of  the 

the  compound  N*H"Pt"I*.  It  dissolves  in  ammonia,  and  is  thereby  reconverted  into 
tho  latter  compound. 

Oxide,  N'H*Pt"0  —    p.  *  J  ^,. — Obtained  by  heating  tetrammonio-platinous  hydrate 

to  110°.  It  is  a  greyish  mass  which,  when  heated  to  200^  in  a  close  vessel,  gives  off 
water,  ammonia,  and  nitrogen,  and  leaves  metallic  platinum.  Probably  the  compound 
PfN',  is  first  produced,  and  is  afterwards  resolved  into  uitrogeu  and  platinum: 

3N«H«PtO     »     Pt«N«   -».   4NH«   +   3H«0. 

^  The  oxide,  heated  to  200^  in  contact  with  the  air,  becomes  incandescent,  and  bums 
vividly,  leaving  a  residue  of  platinum. 
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Tha  tulphate,  pt**[gQrH*0,  uid  Uie  nUmt^,  Pt'lmO*)*  ^^  obtained  by  boiling 
th«  iodide  with  siilpbaio  and  nitrate  of  miter:  they  arc  cryirtalKne  and  have  a  itroug 
acid  naetioo.  Th«  Kal|>hate  retains  an  atom  of  cryBtallimiioa-water,  which  cannot  le 
venmred  without  deconipotting  the  salt 

Ckloridtj  pi-Fnit^ — Thii  compound  ii  prtpared  by  boiling  plattnonii  chlorido, 

or  the  green  Bfdt  of  MagntiSf  with  aqneoofl  amiuonia  till  the  whnle  \e  dissotredf 
and  QTaporating  the  liquid  to  the  cTjsballisiiig  poinL  Or,  by  paAsing  Hulphurous 
acid  ^as  into  tetrachloride  of  platinum  till  the  solution  \»  completely  deivjlorispd^ 
irreeipitati&g  with  carbonate  of  aodium,  diflsolving  the  precipitate  of  »odio-|i]attn- 
onfl  anlphitfl  in  hydrochloric  acid,  satnratiDg  the  rettntting  milution  of  cblonde  of 
Hxlfum  and  pktinoua  chloride  with  ammonia,  and  dtnaolving  the  precipitate  of  di-  and 
t^'irammonio'platinoufi  chloride  in  boilinpf  hydrochloric  acii  The  filtered  liquid  on 
cooling  depofiitft  the  former,  while  the  tctmrnmoniaeal  cNjmjiound  r^^muins  in  mjlution 
and  may  be  obtaint^i  by  eraporation,  mixed  howcTcr  with  aal-ammoniac,  Jt  ■M^pamtea 
in  bulky  ciyHtals  of  a  faint  yellow  colour,  ccmtAiniug  1  at  wnt^r,  which  is  complutely 
given  off  at  110^.  At  250^  it  girr*  off  ammonia,  and  Icavea  diammoniivplAtinoiii 
^loride.  The  anhydrout  oomponnd  rapidly  fit^sorbii  water  from  tlie  air.  The 
bjdn&te  doea  not  give  off  ammonia  wh<^n  treatetj  with  caustic  alkalis  in  the  cold,^  aod  ia 
but  Ti^ry  alowly  decompoaed  by  them,  eren  with  the  aid  of  heat, 

Ethylamine  and  methylamine  form  similar  compounda  with  platinoiis  chloride, 
(p.  e7»). 

Tftrammonh-piaHnousehiitride(<oTm»  two  comprtiindg  witb  tetrachloride  of  platinum. 
The  first,  whoso  formula  is  2N*H'^X"l*.Pt*'Cl\  b  obtsined  as  an  olivo-green  pr^ 
Optlate  on  adding  tatrachloride  of  platinum  to  a  solution  of  teirammonio-platinoua 
ebloride;  the  second,  N*H'*Pt"CP,Pt"'Ci\  by  treating  the  preceding  with  cxce«i  of 
lilnachLoride  of  plalinum. 


Teirmmmim4ihei^Heo'pi^nious  cMoride^ 


ii  produced  on   adding  platinid 


chloride  to  a  concentrated  ammoniacal  ftoluiton  of  cuprous  chloride,  aa  a  riolet  or  grey 
precipitate  compoised  of  pritmiaiic  crystals,  insoluble  in  water  and  in  alcohol,  per-* 
manent  when  diy^  alowly  decomposed  by  water.  (M  i  1  lo  n  and  Com  m  a  i  1 1  e»  Ck>mpt* 
rend.  Irii.  822,) 

The  bromide  and  iodide  of  this  leriea  are  obtained  by  treating  the  aolnl ion  of 
the  sulphate  with  bromide  or  iodide  of  barium  :  they  ciystalltse  in  cnbea. 

Ofidf^    Tif*\(y*- — Obtmncd   by   decompoBing  tbo  solution   of  the  sulphate  with 

an  equLTalent  qnantitv  of  baryta- water,  atifi  <Taporating  the  ftllrate  in  racno.  A  dys- 
teUtfliQ  mas*  is  then  lefli  euntamhig  the  oxide.  It  is  strongly  alkaline  and  canaticv 
like  potaahp  absorbs  carbonic  acid  mpidlj  from  the  air,  and  precipitates  oxide  of  tilrer 
from  the  solution  of  the  nitnit4S  Jt  is  a  strong  base,  neutrulising  adds  completely,  and 
expelling  ammonia  from  its  saltn.  It  melts  at  lli)'°,  giving  off  water  and  ammonii^ 
and  leanng  diammonio^platinous  oxide.  Its  aqueous  solution  does  not  give  off  ammo* 
nia,  eTen  whm  boiled, 

Carhonatft, — The  oxide  absorbs  carbonic  anhydirde  rapidly  from  the  air, 
forming  first,  a  neutral  carbonate,  N*H**Ft"C0*.H'O,  and  afterwards  an  acid  salt^ 
N«H'WCOVn»CCP. 

The  sulpha  iff  •,,  -  [  ^^^i ,  and  the  nitrate,  p.  •  > .  wm  ii*  ^^  obtained   by  decom  • 

posing  the  chloride  with  sulphate  or  nitrate  of  stlrer ;  they  are  nenirol,  and  etystallife 
aasily. 

H'MN" 
Sulphitei.—The  salt  ^y  ,  f^iv^.^  is  obtained  by  boiling  the  green  salt  of  Hagnnii 

in  water  with  an  equal  quantity  of  ammonium'Sulpliite,  as  a  white  powder,  insoluble 
in  alcohol  and  in  cold  water,  rery  slightly  soluble  in  boiling  water.  By  prolonged  ebub 
Ktiou  with  rxcesBof  ammonium -sulphite,  asolution  is  formed  from  which  alcohol  throws 
down  oily  dropa,  uniting  into  a  glutinous  mass  of  Tariable  oompoettion  ;  and  the  alcohol 
used  for  the  precipitutiun  deposits  after  a  while  small  whit-e  flakea  of  another  sulphitt^^ 

Ft" [ (SCI'*    ^^ *'^'  ^'^^^'  ^"'  C^'  Pharm.  Ixi.  178 ;  Gm.  ti.  305.) 
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Chloroplatinites. — Platinous  chloride  unites  with  the  more  basic  metallic 
chlorides,  forming  double  salts  represented  by  the  formuk  M'PtTCl*  «  2MCUPt''a« 
and  M"Pt"Cl*  -  H'ClM^fCR 

Chloroplatinite  of  ammonium^  (NH^)'Pt"CI*,  is  produced  by  adding  sal-ammoniac  to 
a  solution  of  platinous  chloride  in  hydrochloric  acid,  and  crystallises  by  eTaporation  in 
red  four-sided  prisms. 

Chloroplatinite  of  Barium^  Ba'TfCKdHK),  is  obtained  by  saturating  a  solation  of 
platinous  chloride  in  hydrochloric  acid  with  carbonate  of  barium,  and  czystallifleB  Yfj 
spontaneous  eyaporation  in  dark  red  four-sided  prisms,  easily  soluble  in  water^ 
sparingly  in  alcohol  of  90  per  cent  It  appears  to  give  off  only  2  at.  water  at  100**. 
The  s(Hution  mixed  with  ammonia  deposits  tfie  green  salt  of  Magnus  (p.  674).  (J. 
Lane,  J.  pr.  Chem.  Ixxzvi.  126 ;  Jahresb.  1863,  p.  230.) 

Cluoroplaiinite  of  Lead^  Pb'Tt"Cl*,  prepared  like  the  sUver-salt  (infra)  resemUeo 
the  latter  in  appearance,  is  insoluble  in  cold  water,  and  is  decomposed  by  boiling 
water.     (Lang.) 

ChloroplatiniU  of  Potasnum,  K'Pt"Cl*,  prepared  like  the  ammonium-salt^  also  forms 
red  four-sided  prisms,  moderately  soluble  in  water,  insoluble  in  alcohol. 

Chloroplatinite  of  Silver,  Ag^Pt^Cl*,  separates  on  mixing  a  solution  of  the  potassium- 
salt  with  nitrate  of  silver,  as  a  light  red  precipitate.  It  is  insoluble  in  water,  blackens 
when  exposed  to  light,  and  gives  up  all  its  platinum  to  warm  hydrochloric  acid.  Am* 
roonia  first  dissolves  out  the  chloride  of  silver,  and  leaves  a  yellow  substance  which 
gradually  dissolves  in  a  large  quantity  of  ammonia,  forming  a  colourless  solution 
which  when  left  to  evaporate,  deposits  a  yellow  powder  and  colourless  prisms. 
(Lang.) 

The  aodiumsalt,  Na'Pt*Cl\  is  soluble  in  water  and  in  alcohol,  and  difficult  to  crys- 
tallise. 

Stannous  chloroplatinites. — Platinous  chloride  forms  with  stannous  chloride  two 
double  salts,  which  are  obtained  by  dissolving  stannous  chloride  in  a  solution  of  plati- 
nous chloride  in  hydrochloric  add,  and  evaporating,  the  one  or  the  other  being  formed 
according  to  the  proportions  in  which  the  salts  are  mixed.  That  which  contains  the 
smaller  proportion  of  stannous  chloride  is  a  crystalline,  olive-green,  deliquescent,  saline 
mass ;  that  containing  the  larger  proportion  of  stannous  chloride  is  red ;  both  are 
slightly  soluble  in  water,  and  are  decomposed  by  dilution  with  water.     (Kane.) 

Chloroplatinite  oj  Zinc,  Zn"Pt"Cl*,  is  formed,  according  to  Hiinefeld,  when  cine  is 
immersed  in  an  aqueous  solution  of  platinic  chloride.  It  forms  small,  hard,  shining, 
yellow  crystals,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water,  and  precipitated 
by  alcohol. 

TetraoHloride  of  Vlatiiiiim  or  Vlattnlo  Cliloride,  Pt**Cl^  (Dichlaride, 
according  to  the  old  atomic  weight  of  platinum.) — This  compound  is  obtained  by  dis- 
solving platinum  in  nitromuriatic  acid  and  evaporating  the  solution  over  the  water-bath. 
It  then  remains  as  a  brown-red  mass,  which,  if  pure,  dissolves  in  water  and  in  alcohol 
with  reddish-yellow  colour;  generally  however  it  is  red,  owing  to  the  presence  of  a 
small  quantity  of  iridium.  If  more  strongly  heated,  it  gives  off  chlorine  and  leaves 
first  platinous  chloride  and  then  metallic  platinum. 

The  solution  of  platinic  chloride  gives  with  potash,  ammonia,  and  their  salts,  a  yellow 
crystalline  precipitate  of  chloroplatinate  of  potassium  or  ammonium,  sparingly  soluble 
in  water,  insoluble  in  alcohol  When,  however,  dilute  aqueous  ammonia  is  added  in 
excess  to  an  aoueous  solution  of  platinic  chloride  too  dilute  to  yield  a  precipitate  of 
the  chloroplatinate,  a  pale  yellow  powder  is  precipitated  after  a  while,  consisting  of 
K'H*rt'*Cl*  (see  pLAiufUM-BASBs).  Caustic  soda-solution  forms  no  precipitate  in  the 
cold,  but  on  warming  the  solution  a  brownish-yellow  precipitate  is  formed  consisting  u£ 
platinate  of  sodium. 

Sulphtfdric  acid  produces  in  a  solution  of  platinic  chloride,  at  first  only  a  brown 
coloration,  afterwanls  a  brown  precipitate  of  platinic  sulphide. 

Sulphide  of  ammonium  produces  the  same  precipitate,  but  redissolves  it  when  added 
in  excess. — Iodide  of  potassivm  colours  the  solution  brown-red,  and  precipitates  brown 
platinic  iodide. — Stannous  chloride  colours  the  solution  brown-red. — Mercuric  nitrate 
forms  a  copious  reddish-yellow  precipitate. — Mercuric  cyanide  forms  no  precipitate, 
thereby  affording  a  distinction  between  platinum  and  palladium  (p.  328).  Platinum 
is  not  so  easily  reduced  to  the  metallic  state  from  its  solutions  as  gold.— Z/nc  throws 
down  metallic  platinum  ;  so  likewise  does  formic  acid  on  heating,  if  the  free  acid  be 
neutralised  with  carbonate  of  sodium,  but  the  reduction  ia  not  effected  by  ferrous  sul- 
phate or  oxafic  acid. 

A  compound  of  platinic  chloride  with  nitric  oxide,  said  to  contain  6(PtClMI'Cl*). 
4NO.10H'O,  is  produced,  according  to  Boye  and  Rodgers  (Phil.  Mag.  Nov.  1840. 
p.  397),  by  mixing  dry  pktinic  ch&ride  with  a  large  excess  of  nitromuriatic  add :  the 
liquid  evaporated  to  a  syrup  deposits  the  compound  as  a  yellow  crystalline  powder. 
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NiirdUs, — Abuieiiilralr  or  azyfftrVra^,p  „j(NO')^  la  producod  by  butliDg  Uio 

nifmto-cblond(^  h  with  nmmontA.  It  is  a  vhiti^  Amorphous  powder  alightljr  soluble  io 
euld,  more  aoluble  iu  boiling  water. 

Nilraio'chtoride,  ^^A(^0')\ — Thia  salt,  disoofavd  by  Qtob,  ii  obtained  by 
^   I     Cl« 

treaHng  MagQUft's  gr^en  salt  with  vtrong  nitric  acid.  The  green  {H>mpoitad  fimt  tttmi 
brown,  atid  ia  afterwarda  oonveit^d  into  a  mixture  of  platinum  and  a  whit«  powder, 
which  is  dimolred  out  by  boiliug  water,  and  crystallisess  oo  cooling  in  ehining^  flattened, 
colourlam  or  pale  yellow  prismB : 

2K'H«PtCl'   ^  2HN0*     «     N*H'»PtCl«(KO»)»  <►   Pt   +   2HCL 
Thif  salt  dieaolTea  readily  in  water,  especially  when  h<^ated.     The  chlorine  nnd  pla- 
tiQum  ooniaioed  in  the  eolution  cannot  \>v  d&ieeted  by  tlio  oniinary  reAgenta ;  tJius 
nitrate  of  ailver  and  Buiphydric  acid  yield  but  very  trifling  precipiiatea  ereu  after  a  long 
time. 


Ofaioekloridf, 


^erpondin 
ite  gran  i 

!<;  £"^fC*0*)^— D*fpoeit*d 


I  (C^O*)".— Oxalic  acid  or  an  alkalina  oxalate  added  to  the 
CI" 
solution  of  the  correspond in^^sulph at o-chlcrlde  ornitmta-chloridi;  tlirowi  down  tbia  salt 
in  tbe  form  of  a  white  gran  iiliir  prmpitjitt'»  insoluble  iu  water. 


Oxalo-niirattt  n^iA(C*0*y*, — Dtfpoaited  la  a  white  crystalline  body  from  Uia 

aoluUoa  oroetammooio'diplaLinic  oxnlo-nitrate  in  dilate  nitric  add. 

Pktfspkala-ektoridft  p.„<  (P<>*)-,|H'0, — Obtained  a^  a  crystallme  predpitAta 

on  mixing  a  warm  concentmt^^d  solution  of  the  nitmto*ehloride  with  Irisodic  phoa- 
phate ;  from  cold  dilute  solntions  the  salt  cryataUieea.  after  a  longer  time,  in  radiato 
•groupe  of  smull,  white,  ftrongly  lustrous  ne^les.  It  is  nearly  insoluble  in  cold, 
and  only  slightly  soluble  in  boiliiig  water.    (Racwaky«) 

SuipkatO' chloride,  p^,,  ^  (SO* )". — ^Obtained  by  treating  tetmmroonioplati  nic  chlo- 
ride or  nitrato-chtoride  with  dilute  sulphuric  ncid,  or  by  mixing  the  eolutioo  of  the 
nitrato-chloride  with  a  stroog  solution  of  a  soluble  salphate.  It  crystal li«ejp  in  lilendrr 
ne««dl»8,  spnrinffty  soluble  in  cold,  moderutf^ly  soluble  m  boiling  water.  Thf?  sulphuric 
acid  in  the  solution  is  not  prK!ipitwtt*d  bv  bariura-salts.  The  sulphato-clilonde  ia, 
however,  ijecomposed  by  hydrochloric  or  nitric  add,  either  of  which  takes  the  plaoe  of 
the  sulphuric  acid,  repioductng  the  chloride  or  nitroto^chloride.    (Gros.) 


5»  Octamm&niO'diptatinic  CompPundB* 


H" 


OsynitraU  or  Ba§ie Nitrate,  Pt" 

Pt*') 


N* 


►  (N0*)».— This  salt  ia  produced  by  boiling 
(V 

tetmmmonio-platinouji  nitrate  (p.  675)  with  nitric  add.  It  is  a  colourless,  ci7StaUint% 
ditoimtiDg  salt,  slightly  Etolubte  in  cotd  water,  more  soloble  in  boiling  wat«r«  insolubla 
in  nitric  acid.     (Gerhard t.) 

N« 
(NO»)« 
,     0"  • 
I    tv 

when  ]hfagttu»*s  green  salt  is  boiled  with  a  large  excess  of  nitric  acidL  Red  fumes  ara 
then  evolved,  and  the  resulting  soluticn  dej^wsits  the  nitrat-oxychloride  in  small  brilliant 
necdlus  which  drfliigrate  when  heated,  giving  off  wat«r  and  sal-ammoniac  and  tearing 
metallic  platinum. 


Nitrat'orvehUride,  Pt*' 
Pt'» 


*  —This  salt,  disoorered  by  Haewsky,  is  formed 


•  Rnewfkj  Miluni  to  tliit  «*U  th#  f.-rmnla  lfNfP-Pt»Cl^O*,aN'0^,  which  couU^nt  2  at.  oxjfen  nu>r« 
iH'if)  that  atxtv  givm,  4i>d  rorrf^fpondu^ji  fortnuts  to  itlli  the  other  M)t>  of  Ihl*  «rrif«.  Such  formulc,, 
ti.»wrTr>r,  couli*  nor  Iw  ri^ured  to  *i>y  Ijptf  itinlJ»r  10  ihow  bjr  «hkh  the  other  ainmoDiAcal  plaiiniun' 
ri  mp(iiinrl»  »r**  rpnre*entrtl,  und  utrmpoT^r  llAP«i»k]|i''»  pUtkiiuin-idr'tenninAtion*  xpr*«r  tti  b«  «11  too 
Inv,  h.iTiInK  Lv-tf^o  madp  hf  a  mrihtHl  «hlicti  almost  ijeie»t^rili]r  lutoliret  a  Iwii  ot  ^^liiiiiutn.    Gsrhatdt 
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The  nitric  acid  in  this  salt  may  be  replaced  by  an  equivalent  quantity  of  carbonic  or 


oxalic  acid,  yielding  the  salts  Pt'* 
Pt»» 


(CO7    and  S- 


(^.*)*,  both  of  which  aze  ttj^n- 
Cl« 


ingly  soluble  and  easily  crystallisable. 

H**  (     ^* 
Abasiooxalonitraie,  Pt«^-I,^™»\t.  >°«olubIe  in  water,  is  obtained  by  adding 

Pt»-[^^5.> 

•zalate  of  ammonium  to  the  oxynitiate.     (G  e  rh a  rd t.} 

Theories  of  the  Constitution  of  the  Ammoniacal  Platinum-con^oumdM, 

a.  These  compounds  may  be  formulated  as  Balt«  of  ammoninm-baaes^  if  it  be  ad- 
mitted that  the  hydrogen  in  the  ammonium-molecule  may  in  some  caaea  bepartlj 
replaced  by  ammonium  itself,  in  others  by  the  diatomic  radicles,  Ff^Gl*  and  FlM)  : 
'  thus,  taking  the  chlorides  for  example: 

N»H«Pt"a«  -  N«(H«Pt^).a«. 

Dlaromrmfo.  Chloride  of  PlmtofO- 

pUtiDoui  chloride.  diammonium. 

N^H'^Pfa*  «  N«[H*(NH*)»Pt*'].a». 

Tetrammonio-  Chloride  of  Di«Bini«H^UlOM>- 

platinout  chloride.  diammoolum. 

N'H'Pt^'Cl*  -  N«[H«(Pt«^a«n.Cl«. 

Diammonio-  Chloride  or  Chloropntoeo- 

platinic  chloride.  diammonlum. 

N«H'«Pt«^Cl*  «  N*(H'«R«Od*. 

Tetrammonio.  Chloride  of  Platino- 

platlnic  chloride.  tetrammonium. 

In  like  manner,  diammonio-platinic  oxide,  N'H'Pt^^O*,  may  be  fonnnlated 
as  oxide  of  oxyplatosammonium,  N*[H*(Pt**Oy].0 ;  diammonio-platinic  oxynitrate^ 

N^H'.Pf'U^o'/,  as   nitrate  of  oxyplatosodiammmonium,  N«[H•(Pt•'0)^^OV; 

u  C(NO«)* 
Baewsky's  octammonio-diplatinic-nitratoxychloride,  K*H**.Pt'<     0",  as  nitrate  of  am- 

I  ca* 

mo-oxychloro-pktino-tetrammonium,  N*[H\NH*)*(Pt«'OnPt*''Cl*)''](NCy»)*,  &c.,  &c. 

/3.  Gerhardfs  Theory.  Gerhardt  regards  the  ammoniacal  platinum-oomponnds  as 
salta  of  ammonia-bases  formed  by  the  substitution  of  one  or  two  equiyalenta  of  fdatinnm 
for  hydrogen  in  a  single  or  double  molecule  of  ammonia,  NH",  admitting^  howerer,  that 
platinum  may  enter  its  compounds  with  two  different  equivalent  weigbta,  namely  as 
platinoswm  *=  98*7  =  Pt,  and  as  pfatinicum  «  49*35  »  pt.  This  ^ing  admittfd, 
the  ammonio-platinous  compounds  may  be  regarded  as  salts  ofplatosamine  NH^ 
and  of  diplatosamine  N*H*Pt,  and  the  ammonio-platinic  compounds  aa  salts  of 
platinamine  NHpt' and  of  diplatinamine  N*H*pt':  thus 

iCN'H'Pfa*)       =         NH*PtHa. 

Diammonio-  Hydrochlorate  of 

platinous  chloride.  PUtosamine. 

i(N^H'*R"a»)      =         N*H»PtHa 

Tetrammonio-  Hydrochlurate  of 

platinous  chloride.  Diplatoaamine. 

i(N«H«Pr-C10       «         NHpt«.2Ha. 

Diammonio-  Dihydrochlorale 

platiaic  chloride.  of  Platinamine. 

i(N«H'«Pt'^Cl«)       -         N»H^pt«.2HCl. 

Tetrammonio-  Dihyc)rorhlorat«  uf 

platinic  chloride.  Diplatinamine. 

ilN*H'«.Pt»-(NO«)«aT       -        N«H*pt«|]^^Q, 

Tetmmmonio-piatinic  Chlorhjrdro-nitrata 

Nitrato-chloride.  of  Diplatinamine. 

N«H".Pt«(NO»)^aK)        -        2[2N«H*pt«|^^].H"0 

Octammonio-diplatinlc  Setqiiiehlorhydranitrate 

nitratoxychlorlde.  of  DipUtioamioe. 
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TheM  ft^nntilse^  hoTreveri  ni  well  as  tho!«e  hns€^  on  th«  iiiDiiiOQiom>tjpe  (p.  67  8  X 
tautit  be  regarded  m^'relj  aA  ontnf^neal  expressioas,  and  not  by  ao^  means  aa  reprcK 
aeotationa  of  the  rnLional  eoii^btutioii  of  the  eoni{^K>UQd6, 

V&ATOrUM-BAftBfl,  ORGAirXC  Met hy lamina  and  ethylamtnf'  aot  n^arlily 
at  onliimry  h»m[Hinituiv«  on  platinuiiH  fhJoride  *suit|^nd«i  in  wiit4»r,  forming  cumpounds 
analogoua  in  composition  and  properties  lo  hlAg;nuB»  green  suit  (p.  G74).    The  thetk^- 

amint-talt,   (CH*N)*Pta»  -  pL"n\(CH*N)TrCl',  i»  a  ebromf-grefn  powdrr;   tho 

etkjfiamine^mitf  (C*H'N)*Pt*Cl*^  is  chatno [stolon riMl ;  both  are  inaolnblB  in  water.  Tha 
tnithrlumine  aalti  boilM  iq  a  sealed  fla^k  with  exi^4<»s  of  methylamine,  j^nidually 
disL'^jlrf'ft,  (editing  otily  a  sninll  qurtntitj  of  a  black  detoniit  ng  eubstanc*  analogoua  to 
fulminaiini^  platinum  (p.  676),  and  the  solation  i^vaporattnl  to  a  »yrup.  iiltimat4»ly 
aoHdifies  to  »  crystullinp  mass  of  Ihe  SiiU  (Cn'N)'Pt"<1V  analogous  X^y  trtrammonio- 
plutinous  ehloHilt*  (|>.  tiTft),  Thf^fhyimninr-iott  (G^H'N)M^'C1»  pr»-parfd  in  like 
nmnncr*  crjatalliaes  in  spletidid  colourless  prisms  conUining  2  at,  wat^f^r,  moderately 
aolubte  in  water,  sparingly  ao  in  nlooUoL  This  ntU  tM>at<^l  with  sulphate  of  silT«r 
yirUta  chloride  of  ailrer,  and  ifirftkylamtnonut-pfafinoHs  nutphttir  {iywS)\'Bl\SO*% 
ID  colonrleaa  eryitali  of  considerable  si>.^.     (Wurtz,  Ann.  Ch.  I*hys.  [A]  zxx.  443.) 

Chinoline  he-ated  to  boiling  with  plitiinotia  ehloriilo  forms  a  pale  yellow  powdeTi 
(C*H'N)*.Pt*'Cl*,  which  ir  nearly  insoluble  in  w«ter.  but  di»j«olve«  in  excess  of  chtno- 
line,  forming  a  eoludow  from  which  acids  tlirow  down  the  yeUow  hydrocklaraU, 
(i'*H^N)*Pt  Cl».2Ha:  this  Utter,  when  boilwl  with  chinoline,  it  rPConvert«d  into  tho 
ori^zinaJ  substance,    (Or,  Williams,  Jahresb.  1858,  p.  3&70 

Piptridine  forms  under  sSmllar  circumstaxicea,  and  with  energetic  action,  a  yellow 
componnd(C*H ' '  N)^  Pt'Cl',  solublo  in  a  laigc quantity  of  boiling  water.  (Gr,  Williams,) 

P^ATUi  miS-BXiACX«    See  pLATTimi  (p,  666). 


\  or  Nittipf  Pinttnutn,  This  ore  is  nstially  found  in  anriferons 
alluvial  sand  or  dnt>,  iti  thin  scales  or  irregular  grains  not  exceeding  th«  site  of  a 
small  pea,  occasionally  however  in  larger  masses  or  nuggets ;  one  of  these  weighing 
%(\\\  gmmmea  was  found  in  the  gold  inina  of  Condoto,  Pern;  and  in  the  minea  c% 
llt^midoff  in  Iho  Ural,  ntaases  bare  been  found  weighing  6|,  9,  and  9^  kilogrammea. 

Phitinum-ore  is  compoeied  essentially  of  platinum,  iridium,  osmium,  palladinm, 
rho<.lii]iUi,  ruthenium,  irout  copper,  and  osmide  of  iridium,  with  which  also  are  aasociAted 
ehrome-iron,  titanifeTOUs  iron,  small  scali^  of  alloys  of  gold  and  silver,  small  hyacinths, 
aod  IImU  qnantities  of  mercury  and  sand. 

AMtlptn :  a.  From  Giroblagixlat  in  the  Ural;  non-magnetic:  a.  by  Bertelius 
{Pogg.  Ann,  xiii.  435,  627*  563);  0,  by  Clans.  Btitrage  sur  Getchichte  ier  JHalm- 
m«mlr,  Dorpat,  18o4,  p.  60). — h.  From  Nischne  Tagilsk  :  o,  by  Osann  {RammeUher^'M 
Minmiit'kenuf,  p,  II);  JS.  Very  durk  grey;  maj^etic;  y.  Dark  pc^y^  non-magnetic 
grains  (B«r«eliius).^-c.  From  Borbucon.  Oregon:  larger  grains  (Beraelius), — 
2.  Fr*jm  tlje  same  locality  (CI aus). — r  From  Borneo  :  small  grains  (sfter  deduction 
of  3-8p«'r  ct-nt.osmid*?  of  iridium  and  02  gold  (Bocking,  Ann,  Cb.  Pharm.xcvi.  243). 
— /,  From  the  same:  laminie  or  flat  gr.iiua  (after  dciluctiou  of  SS?  per  cent,  gold  and 
8*83  insoluble  matter,  coutaining  osmide  of  iridium  and  1'63  per  cent,  cupric  an4  farrie 
ujkides)  (Ble  eke  rode,  Pogg.  Ann«  ciii.  656). 


a^ 

^ 

€, 

£. 

«. 

/. 

a. 

3. 

«.    )     0^ 

r 

Platinum 

86-50 

85"97 

8307 

78^4 

73*58 

84  30 

84-80 

86-10 

82  05 

Kht^lium      . 

115 

0-06 

059 

0-86 

116 

8-46 

207 

,    , 

0-59 

Iridium 

•     i 

098 

1-91 

4i>7 

2*35 

1'46 

102 

0-69 

7-16 

Osmium*     . 

, 

0-54 

*          m 

» 

103 

101 

031 

1-34 

Palhtdium    . 

1  It) 

075 

0-26 

0*28 

0-30 

1-06 

100 

1-69 

Iron     .... 

8-32 

654 

10  79  11-04 

12*98 

6*31 

8-28 

11  12 
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Copper 

0'45 

0-86 

1-30  I  0-70 

5*20 

0-7i 

064 

014 

0-39 

Admixturea,  oamtri- 
dium  &c 

1'40 

210 

180 

P»« 

280 

0-72t 

981»2 

08-70  99-72  J98*76 

1           1 

97*S6 

96-08 

98  82 

98-36 

100-00 

*  The  lull  cofiklttt  paiity  of  ofmlma. 
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PLATINUM-ORE. 


The  following  table  contains  the  results  of  analyses  of  platinum-ore  from  various 
localities  by  Deville  and  Debray. 


Colnmbli. 

C^UbtDlM. 

Orrgwb, 

t|«U>. 

AoMTdlA. 

mm^ 

FlAllDum  . 

mm 

eoijq 

iWit 

iW-ftO  TO»^|  TfiW 

ai  49 

4J^-70 

a!t*i|  ,  RMQ 

«ao  T«*4  i 

Irhdimn     * 

CfSA 

I  fiS 

I-IH 

I  "05 

4"J> 

DBA 

{^40 

os« 

34 

iJOi     J*4.\     4'a  1 

JihiHlium  , 

I-4Q 

*J50 

1**2 

J  no 

Of^ 

la-s 

O^f.6 

116^ 

l-s 

nw 

f  m:   o-i  1 

FAllliflUIlt 

O^W 

lOii 

I  14 

0^ 

V&'V 

1  3(1 

0-16 

(M«A 

I^A 

i-so 

€^■3 

1-4 

Gold 

1  CHI 

1  »o 

I'W 

rvHO 

O'A.1 

1  M 

fl*fW 

n-u 

3-4 

t'y> 

B 

0-1 

Co\ipVT       ^ 

OfiO 

(yi^i 

0^4 

i-^o 

0'7& 

1  SA 

3  1?^ 

\m 

l-L 

I'JCr 

3-ltk 

41 

Ifnn  .        *        .        , 

7H-1 

7^4) 

r  la 

Ci'7ft 

IMA 

6'I& 

4'h"M 

6  so 

4*3 

4-^^ 

S-60 

II  7 

HiKTciridfum    « 

ftrt5 

l'4fl 

7S?< 

i'lo 

4-9ft 

r^h 

37-30 

t'Sd 

SJIO 

^QD 

2*36 

0& 

Smid. 

0  9.^ 

<'3A, 

3*41 

a-sis 

T&y 

V90 

3'OU 

8-1^ 

j-a 

J  JO 

k-IXt 

14 

t^jd 

,     . 

i>-!iS 

OiiDtQiD  and  Loti    * 

ino'M 

'    • 

*    * 

0■o^ 

raa 

•     * 

(i-Oft 

o-s 

*  , 

t'SA 

LOO'KV 

IWrm 

lOMEi 

IWUO 

IDOiM) 

tuQ-sa 

IDIHIO 

m-B 

100-20 

lQO-00 

lOO-^ 

BSettaods  of  AnaljBls.  The  first  complete  method  of  analysing  platinum-ore  was 
given  by  Berzelius  in  1828  ;  this  will  be  found  fully  described  in  Gmelin's  Handbook 
(vi.  259—264).  Clans  in  1854  {Bcitrdge  zur  Geschichtr  dcr  Platimnetalle)  proposed 
a  simpler  and  in  some  respects  more  exact  method,  and  recently  another  methoa  has 
been  devised  by  Deville  and  Debray  (Ajin.  Ch.  Phys.  [3]  Ivi.  385;  Jahresb. 
1859,  p.  243). 

Clauses  Method,  a.  Mechanical ^eparati(m  of  the  ore  and  solution  in  nitro^ 
muriatic  acid. — This  part  of  the  operation  is  performed  by  Glaus  in  the  same  manner 
as  by  Berzelius. 

The  ore,  after  being  freed  from  grains  of  foreign  matter  by  mechanical  separation, 
and  by  the  magnet,  is  treated  with  dilute  hydrochloric  acid,  which  dissolves  ferric 
oxide  and  metallic  iron.  It  is  then  heated  in  a  tubulated  retort  having  a  cooled 
receiver  adapted  to  it,  with  concentrated  hydrochloric  acid,  to  which  strong  nitric  acid 
is  added  from  time  to  time,  as  the  action  diminishes  in  intensity.  An  excess  of  nitric 
acid  must  be  avoided,  because  it  would  decompose  the  chloride  of  iridium,  and  cause 
the  separation  of  oxide  of  iridium  on  evaporation.  The  heat  is  continued  tiU  the 
residue  in  the  retort  becomes  syrupy  and  solidifies  on  cooling ;  the  saline  mass  is 
dissolved  in  a  small  quantity  of  hot  water;  and  the  solution  is  carefully  decanted  from 
the  insoluble  residue.  The  distillate,  which  has  a  yellowish  colour  arising  from  chloride 
of  pktinum  which  has  spirted  ovpr,  is  then  poured  upon  the  residue,  and  distilled 
again,  without  boiling,  whereupon  a  colourless  distillate  of  dilute  osmic  acid  is  obt4uned. 
Should  the  residue  still  contain  any  soluble  matter,  it  must  be  again  treated  in  the 
same  manner  with  aquH-regia. 

The  distillate  is  neutralised  with  ammonia  or  lime;  saturated  with  sulphydric  acid 
gas  in  a  bottle  nearly  filled  with  it ;  and  set  aside  for  some  days  with  the  bottle  closed 
till  the  precipitate  settles  down ;  after  which  the  watery  liquid  is  separated  from  the 
sulphide  of  osmium  by  decantation  and  filtering.  In  this  manner  the  quantity  of 
osmium  in  the  distillate  is  determined  (p.  244). 

3.  Separation  of  thr  othr  metals. — The  mode  of  separntion  is  founded :  first,  on  the 
insolubility  of  chloroplatinate  of  ammonium,  and  the  corresponding  salts  of  iridium, 
osmium  and  ruthenium,  also  of  chloronithenite  of  ammonium,  m  sal-ammoniac  solution ; 
secondly,  on  the  solubility  of  chloriridite  of  ammonium  (iii,  318),  and  of  the  cor- 
responding rhodium-salt  in  sal-ammoniac  solution  ;  and  thirdly,  on  the  convertibility 
of  chloriridate  of  ammonium  into  chloriridite  by  the  action  of  sulphydric  acid. 

The  solution  contiiining  the  platinum  &c.,  after  being  separated  fiom  the  residue, 
is  evaporated  to  dryness  over  the  water-bath  in  a  porcelain  basin,  and  heated  for  some 
time  in  a  sand-bath  to  140'' — 15^  in  order  to  convert  the  tetrachloride  of  iridium  into 
trichloride.  A  small  quantity  of  hydrochloric  acid  is  then  added  ;  the  whole  is  dissolve! 
in  water,  and  mixed  with  a  strong  solution  of  sal  ammoniac;  and  the  resulting  pre- 
cipitate of  chloroplatinate  of  ammonium  is  collected  on  a  weighed  filter,  washed  with 
dilute  sal-ammoniac,  then  with  alcohol  of  080°  :  when  dried  and  weighed  it  gives  the 
quantity  of  platinum.  This  platinum  contains  merely  a  small  quantity  of  iridium, 
from  which  it  may  be  freed  by  solution  in  nitromuriatir  aoid  containing  an  excess  of 
nitric  acid.  The  iridium  is  then  left  behind,  and  maybe  caloineti  with  the  filter,  then 
reduced  by  hydrogen  and  weighed. 

The  mother-liquors  from  which  the  chloroplatinate  of  ammonium  has  separated,  are 
mixed  with  the  wash-waters,  and  exposed  to  the  action  of  a  current  of  chlorine  till 
they  assume  the  brown-red  colour  of  tetrachloride  of  iridium,  then  evaporated  to 
dryness  over  the  water-bath  ;  and  the  dry  mass  reduced  to  fine  powder  is  treated  with 

*  Gold  (ir  Ally)  counted  \rUb  the  lot*. 
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«I«>liut  of  90  per  erat  IfU  tli«  wiuhinga  hcnxMUf  qnite  oolovrlMi.  The  filtered  Uquid 
coutiiixii  tdl  the  iron  iktkd  copper — which  tmij  be  dct^rmmod  by  Um  onliiuuy  metlioda — 
with  BcarwJy  any  trtu^n  of  the  pUtiiium'inctiiJs. 

The  rrsidu»  inAoluUe  in  alcohol  cootiuQS  aU  the  platinuiii-nK^tAts  except  osmium  ; 
the  {jttnntjtj  of  ruthenium  in  it  u  howerer  too  stnall  to  be  e^imated.  By  washing  it 
with  A  dilute  ttolutiun  of  sal-ainmottiAc,  till  the  liquid^  which  is  r«d  at  first,  ruat  off 
i-oloiirleM,  the  rhodium  and  palludinm  ar«j  cutiielj  diflaolred,  while  plafinum  and 
Iridium  remain  iM^hind  (A),  The  solution  ia  evaporated  to  drjnaeiaa  ;  the  dry  residuu 
19  calirined  in  a  cIoakI  platiottm  crudblc^  then  reduced  by  hydA>gen^  and  the  mixtiire 
of  rhodium  and  pidiiidiam  is  weigbnL  The  two  metidtf  are  then  treatad  with  nitro- 
mtarititit?  add ;  the  resulting  soluHon,  which  contains  all  the  palkdinm  togetJier  with 
a  littlo  rhodium,  is  ovapomtixl  neurly  to  dryneaa,  mixed  with  a  drop  of  eaufitic  ioda- 
fi«>liihon,  uml  pn^cipitAted  with  cyanide  of  mercury;  and  the  precipitate,  after  wiiahiiig, 
drying,  and  ignition,  i»  n*ciuced  with  hydrogen  and  weighed  aa  palladium.  The 
quantity  of  this  metal  deducted  from  the  total  weightof  the  two  metaU»  givea  the  weight 
of  the  rhodium. 

The  rrsidue  (A)  containing  platintira  And  iridium  ia  heated  with  water  to  the  boiling 
pointy  and  mixed  with  a  quantity  of  aqneona  sulphydric  acid,  auflident  to  coiivert  th« 
retrachloride  of  iridium  into  trichloride.  The  liquid,  highly  concientnited  but  not 
filtered,  lh  nr>xt  mixed  with  a  strong  solntionof  aal-ammoniac,  whereby  all  the  pbtinttm 
is  precipitatwl,  and  the  iridium  rrtained  in  ioltition.  The  liquid  ie  filtered;  the  iire- 
eipitale  washed  with  n  Btron|>'  solution  of  sal-ammoniac;  the  filtrate  eraporatea  to 
drynean;  the  pal t  carefully  ignited;  and  the  iridium  weighed  after  reduction  in  a 
at  ream  of  hydrogen.  The  platinum-niU  is  likewiae  ignited,  and  the  quantity  of 
platinum  which  renuuns  is  added  to  that  preriously  obtained.  To  prevent  loss,  it  is 
adriiaUle  to  wrap  up  the  saline  mixture*  which  contains  a  large  quantity  of  aal- 
ammooiacv  in  fUier-paper,  and  ignite  it  as  carefully  as  possible. 

The  residue  insoluble  in  nitromuriatic  acid  is  disintegratf^lf  according  to  Wohler's 
method  (iii.  314),  by  mixing  it  with  chloride  of  sodium,  and  igniting  it  three  times 
In  a  fitrefim  of  moist  chlorine.  The  mass  is  then  digestod  seneral  times  with  wati-r, 
and  the  united  solutions,  whichi  besides  a  htif^  quantity  of  common  salt,  cont  itin  all 
the  platinum-metahi  (but  only  a  small  quantity  of  palladium)  and  considerable 
quantities  of  iron  and  copp*^r.  are  strongly  concenlnited  and  treated  with  chlorine  to 
convert  the  trichloride  of  iridium  into  tetrachloride.  A  rtrcmg  solution  of  sal-ammoninc 
IB  then  added^  which  af^er  h  while  throws  down  the  whole  of  the  platinum,  iridium, 
ruthenium,  and  osmium,  while  rhodium,  palladium,  iron  and  copper  remain  in  Molution. 
The  preeipitate  is  wasihed  with  water  oontaining  sal-ammoniac,  then  dissolred  in 
boiling  water,  and  the  solution  is  kept  for  some  time  at  the  boiling  heat,  and  mixed  with 
a  tew  drops  of  ammoma,  which  precipitHtca  osmium  and  ruthenium.  To  separate 
theae  metals,  the  precipitate  is  fused  in  a  silrer  crucible  with  a  mixture  of  2rts.  nitrate 
and  1  pt.  hydrate  of  potassium,  and  the  fused  nuuB  is  treat^id  with  distiUed  water, 
whert^bj  a  solution  of  o«miate  and  rutheniate  of  potassiiim  is  obtained.  The  ruthenium 
is  Iheo  precipitated  as  trioxide  by  nitric  ncid,  and  separated  from  any  osmium  that  it 
may  BtiU  contain  by  di filiation  with  nitric  acid;  the  osmium  in  the  solution  in  like- 
Wts«  septtrated  in  the  same  manner.  The  residue  containing  rothe&ium  and  nitrate  of 
potassium  is  treat<-d  with  hydrochloric  acid,  and  the  liquid  is  concentratc>d  by  erupom* 
lion.  On  cooling  it  depohits  crystals  of  nitre,  and  the  mother-liquor,  on  further  con* 
eentmtion,  deposit*  chlurorutheniate  of  potassium,  from  which  the  ruthenium  may  bo 
sepamted  in  the  metallic  «t«te  (see  Buthwiium). 

The  dilution  containing  the  platinum  and  iridium  is  treated  for  the  separation  of 
these  metals  in  the  manner  alx>re  described.     8eo  also  OifMiaturrv  (p.  240). 

Drvilir  and  Bthray't  method. —  1.  To  determine  the  sand  (quartx,  aijvon, 
rhrome-iron,  and  titaniferoos  iron),  2  grammes  of  the  ore  are  fused  in  a  small  earthen 
crucible,  with  7  to  10  gmirmies  of  purt*  granulntecl  wilvfr  and  10  gramm<»  of  fused  borax ; 
and  after  cooling,  the  btittofi  of  silver  which  contains  the  osmium,  platinum,  and  all 
Ihc  other  metals,  is  detached,  and  digested  if  neceasary,  with  w(  ak  hydrofluoric  add, 
to  remove  the  last  portions  of  borax, — then  dried,  heated  to  redness,  and  weighed. 
The  weight  of  the  button  deducted  from  the  sum  of  the  weights  of  Ilia  oiw  and  the 
silver  employed,  ^fives  the  qiuLntity  of  sand  in  the  ore. 

2.  To  determine  the  Osmiridinm. — Two  grammes  of  the  ore  are  digested 
at  7'*^  with  nitromuriatic  acid  (composed  of  2  vols,  strong  hydrochloric  and  1  vol. 
strong  nitjric  acid)  till  the  platinum  Stc.  is  completely  dissolved,  renewing  the  nitro* 
niuriatic  acid  till  it  no  logger  becomes  coloure^l  after  12  or  15  hours' act ioa  The 
tolution  is,  very  carefully  decanted  from  the  residue  (any  spangles  of  osmiridinm 
that  it  may  deposit  on  htanding  b^ing  collected  un  a  llilt<T  and  added  to  the  residue )■; 
and  this  residue  is  thoroughly  wa#h»d  by  decantation,  then  dried  and  weighed.     The 
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difference  between  this  weight  and  that  of  the  sand  previously  determined  giTW  tht 
weight  of  the  osmiridiuni. 

Ihe  regtiline  mass  free  from  sand,  obtained  in  the  first  stage  of  the  process^  may  also 
be  used  for  the  estimation  of  the  osmiridium,  the  silver  contained  in  it  being  diasolTed 
out  bj  nitric  acid,  and  the  residue,  which  contains  the  osmiridium,  treated  in  th* 
manner  just  described. 

3.  To  determine  the  plati  n  um  and  iridium,  the  solution  obtained  bj  treating  the 
ore  with  nitromuriatic  acid  is  evaporated  nearly  to  dryness  at  a  gentle  heat;  the  reddue 
is  treated  with  a  smaU  quantity  of  water  (in  which  it  should  dissolve  completelj),  then 
with  a  Tolume  of  cure  alcohol  equal  to  twice  that  of  the  water;  a  lazge  excess  of  pure 
crystallised  chloriae  of  ammonium  is  added;  and  the  liquid  is  gently  warmed  till  the 
8al-ammoDiac  is  nearly  dissolved,  then  stirred,  and  left  at  rest  for  24  hours.  The 
resulting  precipitate  containing  the  platinum  and  iridium  (but  not  the  whole)  is  col- 
lected on  a  filter,  washed  with  ndcohol  of  75  per  cent,  then  dried  and  ignited  at  the  lowest 
possible  temperature — strips  of  paper  moistened  with  oil  of  turpentine  being  repeatedly 
thrown  into  the  crucible  after  the  filter  has  been  burned,  in  order  to  reduce  the  oxide 
of  iridium  and  expel  the  last  traces  of  osmium, — and  finally  heated  to  whiteness  till  the 
wninrht  becomes  constant.  The  mixture  of  platinum  and  iridium  thus  obtained  is 
weighed  and  digested  at  40^ — 50^,  with  nitromuriatic  add  diluted  with  four  or  five 
times  its  weight  of  water,  the  liquid  being  renewed  from  time  to  time  till  it  no  longer 
becomes  coloured;  the  undissolved  portion  is  pure  iridium.  The  liquid  decanted  from 
the  above-mentioned  precipitate  (containing  platinum  and  iridium)  formed  by  the 
sal-ammoniac,  is  evaporated  till  a  great  part  of  the  sal-ammoniac  has  crystallised  ont, 
and  filtered  when  cold ;  it  then  deposits  a  small  additional  quantity  of  platinifeitms 
chloriridiate  of  ammonium,  which  is  to  be  washed  with  solution  of  sal-ammoniac,  then 
with  alcohol,  and  treated  as  above. 

4.  The  alcoholic  liquid  freed  from  platinum  and  iridium  by  precipitation  with  sal- 
ammoniac  still  contains  palladium,  iron,  copper,  gold  and  rhodium.  It  is  fireed  from 
alcohol  by  warming,  from  sal-ammoniac  by  digestion  with  excess  of  nitric  acid  (which 
resolves  this  salt  into  nitrogen  and  hydrochloric  acid),  then  evaporated  nearly  to  dry- 
ness. The  residue  is  completely  dried  in  a  porcelain  crucible  which  can  be  coverr^, 
then  moistened  with  concentrated  aqueous  sulphide  of  ammonium,  carefully  and  com- 
pletely dried  after  addition  of  2  or  3  pts.  of  pure  fiowers  of  sulphur,  and  finally 
neated  to  bright  redness,  the  porcelain  crucible  being  placed  within  a  covered  earthen 
crucible,  so  that  lumps  of  charcoal  may  be  placed  between  the  two,  and  ignited  from 
above  downwards.  The  weighed  contents  of  the  crucible,  consisting  of  reduced  palla- 
dium, sulphide  of  iron,  Fe'S^,  sulphide  of  copper,  Cu*S,  and  metallic  gold  and  rhodium, 
are  digested  for  some  time  at  70^  with  rather  strong  nitric  acid,  which  dissolves 
palladium,  iron  and  copper;  the  solution  is  evaporated  to  dryness  ;  the  residue  heated 
to  dull  redness ;  and  the  ignited  mass  treated  with  somewhat  dilute  hydrochloric  acid 
which  dissolves  the  iron  and  copper  as  ferric  and  cupric  chlorides,  leaving  palladium 
undissolved.  On  evaporating  the  solution  to  dryness  at  100^,  and  treating  the  residue 
with  aqueous  ammonia,  the  copper  dissolves  as  cupric  chloride,  whue  the  iron 
remains  as  ferric  oxide.  The  ammoniacal  solution  is  concentrated,  the  copper  converted 
into  nitrate  by  addition  of  nitric  acid  and  evaporation,  then  into  cupric  oxide  by 
igniting  the  residue,  and  weighed  in  that  form.  Lastly,  the  portion  of  the  contents  of 
the  porcelain  crucible,  insoluble  in  nitric  acid,  consisting  of  gold  and  rhodium,  is 
digested  in  weak  nitromuriatic  acid,  which  dissolves  the  gold  and  leaves  the  rhodium. 

It  is  by  this  method  that  the  analyses  of  platinum-ore,  the  results  of  which  are  given 
at  page  680,  were  made.  For  the  commercial  assay  of  platinum-ores,  Deville  and 
Debray  give  the  following  method. 

The  gold  is  extracted  by  repeatedly  treating  the  ore  with  small  quantities  of  mer- 
cury and  weighed  after  distilling  off  the  mercury  from  the  liquid  amalgam.  This  pro- 
cess makes  the  amount  of  gold  rather  too  small ;  on  the  other  hand,  it  is  obtained 
slightly  in  excess  by  treating  the  ore  with  weak  nitromuriatic  acid,  evaporating,  and 
igniting  the  residue. 

The  sand  is  determined  as  above  described  (p.  681). 

To  determine  the  platinum,  60  gnns.  of  theore  are  fused  with  75  grms.  of  pure  lead, 
60  grms.  of  pure  well  crystallised  galena,  and  10  to  16  grms.  of  borax,  the  heat  being 
raised  to  the  melting  point  of  silver  and  kept  at  that  temperature  till  no  more  grains 
of  platinum  can  be  perceived  on  stirring  the  fused  mass  with  a  pipe -stem,  after  which 
the  heat  i«  increjised  and  60  grms.  of  litharge  are  gradually  added  in  proportion  as  it 
is  reduced.  The  whole  is  then  left  to  cool,  and  the  reguline  mass,  after  being  cleansed 
from  slag,  is  weighed.  The  mass,  weighing  about  200  grms.,  contains  the  platinum- 
metals  alloyed  with  lead,  also  the  osmide  of  iridium  mixed  up  with  its  lower  part, 
while  the  iron  and  copper  have  passed  into  the  slag.   The  lower  portion  of  this  regulus 
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it  n^xl  sAwn  off:  Ihe  upper  (amounting  to  about  ptha  of  the  whole)  is  weighed  together 
with  thA  ihaTinga ;  a  portion  of  it,  amoiiDtizig  to  |ui,  \m  cuj^i^U^rd  with  an  exactly  weighefi 
portion  of  tiJrer  (equd  to  6  or  6  tamet  the  weight  of  pUtintim  snppoeed  to  be  preaent)^ 
and  if  necctauTT  with  an  fidditional  qnnntity  of  lead,  at  the  t«inpeTaturo  required  for  a 
gold  nsNij,  The  plat i nam  then  remains  alloyed  with  Bilver,  and  the  weight  of  the 
iHtter,  diminiabed  by  that  of  the  lilTar  added,  girea  the  weight  of  the  platinum,  and 
ten  iiioee  this  weight  ui  the  total  amonnt  of  platmnm  in  the  portion  of  ore  taken  for  the 
auay.  Thi^  result  is  howerer  affected  with  a  slight  error,  arising  from  the  small 
quantity  of  oemindium  in  the  lower  part  of  the  regulos.  To  avoid  this  source  of  inac- 
curacy, the  following  method  may  bn  adopted. 

The  lower  part  (^h )  of  the  regulus  is  hefUed  with  ten  timee  its  weight  of  nitrio  neid 
diluted  with  an  equal  Ttilnme  of  wuter,  till  all  the  lead  is  diiaolTed,  and  nothing  is  left 
bnt  a  fine  powdier  conoisting  of  pUtinum  and  osm  iridium.  This  nsidue,  after 
being  carefully  washed  by  d«antation,  first  with  aridulate^i,  then  with  pur«  warm 
water,  is  dritnl  and  weigbedf  then  treated  with  nitromuriatic  arid,  which  diii«olTes  out 
the  platinum  ;  and  the  oamiridioBi  which  remains  nndisaolTed  is  finally  washed,  dried, 
and  weighed.  Its  weight,  deducted  from  that  of  the  residue  inaolnble  in  nitric  acid, 
girea  the  weight  of  the  pktinum. 

The  proportion  of  pUtinnm  found  by  the  assa^  must  howerer  be  diminished  by 
shout  4  |»cr  cent,  to  allow  for  the  palladium,  rhodium,  and  iridinra  which  exist  in  the 
ore  always  to  the  amount  of  4  to  5  per  cent,  and  are  not  scpomlcd  by  the  process  just 
desfrihcd. 

F I  ii  t  i  n  u  m  -  r  e  s  i  d  u  e  b, — ^^For  the  analysis  of  the  matten  which  remain  undiasolred 
whrn  plnttnum^re  is  digested  in  nitrumnriatic  acid  (insoluble  residues),  and  for  those 
obtaiufsd  by  precipitation  with  metallic  iron  from  the  solution  previously  fre«d  front 
plutinum  and  palhkdiom  (precipitated  residues),  Derille  and  Debray  girethe  following 
methods. 

a.  Tba  insoluble  rtnd ues  coutmn  sll  the  platinum -metals,  but  consist  chiefly  of  ocmi* 
ridium  and  ssnd  in  very  variiiblB  pr\:)portions>  60  grma.  of  the  residue  are  introdnoed 
into  a  crucible  together  with  150  to  200  grms.  lithai^  and  &0  to  100  grma,  lead — the 
lead  at  the  bottom,  then  the  mixture  of  platinum-residue  and  Htharge^  and  pure 
litharge  at  the  top—Hind  heated  to  rc^lQess  for  half-an-hour,  stirring  from  time  to  time 
with  an  earthenware  rod ;  after  which  the  crucible  is  left  to  cool  and  the  reguline  mass 
isfrfted  fhnn  slag  (the  litharge  may  be  completely  removed  by  a  few  hours'  treatment 
with  hot  acetic  add  and  subsc*quot)t  brushing).  This  mass  is  treated  with  dilute  nitric 
acid  at  100**  till  the  l^ad  is  completely  di&eolved  ?  the  BoluHon,  which  contains  lead  and 
palladium,  is  freed  from  lead  b^' a  eligbt  excess  of  sulphuric  acid,  then  evaporated 
nearly  to  dryness  at  a  temperature  not  exceeding  120^ ;  the  residue  is  treated  with 
water;  and  from  the  rt'auHtng  solution,  thepslladium  is  precipitated  as  cyanide. 
The  residne  left  undissolved  by  the  nitric  acid  ii  thoroughly  wa/thed  with  boiling 
water  slightly  ncidulate«i  with  nitric  acid;  then  dried  and  weighed  (let  the  weight  be 
called  A) ;  treated  with  nitromariatic  acid,  which  quickly  dissolves  the  platinum 
tog(>ther  with  a  little  iridium  and  rhodium ;  and  the  weight  (B)  of  the  nndissolved 
mstti-'ris  determini'd  :  this  ts  osmiridium.  The  nitromuri^tic  acid  eolution  contains 
ehieiy  platinum,  the  quantity  of  which  is  nearly  eoual  to  A  —B.  Its  weijjht  may 
be  more  exnctly  determiupd,  together  with  that  of  the  iridium,  by  precipitating  a 
ftuely  divide<l  mixture  of  th*i  two  metals  in  the  manner  given  at  page  681,  and  dis- 
solving out  the  platinum  with  weak  nitromuriatic  a<,'«l.  The  rhodium  may  aleo  be 
determined  by  thf*  method  alreiidy  given  for  the  analysis  of  platinum -ores. 

&.  The  itrteipiiatfd  remduts  are  analysed  nearly  in  the  same  msnner,  a  smaller 
quantity,  however,  vix.  in  gmi«*.,  being  taken,  and  foa^d  with  10  to  15  grms.  lead  and 
80  to  40  grmp.  litharge.  The  r^-sulting  metallic  maps  con t^iins— besides  lead,  whicli 
must  be  carefully  precipitiited  as  sulphute — palladium,  to  tie  pre<?ipitated  as  cyanida 
in  the  manner  abn>ve  descrilted,  and  rhodium,  which  imiv  be  determined  by  evapo- 
riiting  the  filterKl  liquid  to  dr^nesfi,  and  reducing  the  renidue  with  ndditiun  of  i*u]phur 
in  the  manner  descnbrd  at  pngti  682,  No,  4,  From  thu  residue  insoluble  in  nitric  acid, 
the  plstinum  is  dissolved  by  nitnjmurialic  acid,  together  with  (imall  quantities  of 
iridium  and  rhodium,  to  be  determined  by  mtlhoda  slnady  detailed,  snd  theva 
then  remains  a  residue  consisting  chiefly  of  iridium  together  with  a  sma)!  quantity 
of  osmiridium  (which  was  probably  HUitpended  in  the  liquids  from  which  the  pre- 
cipitated residues  were  obtained).  The  ^lug,  consisting  chiefly  of  litharge,  contains  \hm 
iron  aodeopper  which  were  present  in  the  precipitated  residues. 

The  following  arc  the  results  of  the  analyab  of  several  plattntim  residues  made  by 
this  method. 
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Insoluble  Residues. 
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Precipitated  Residues, 


a. 

Palladium 0*8 

Platinum 0*8 

Rhodium 2-1 

Rhodium,  Iridium  and  Osmiridium    21*8 
Common  metals    ....     74*2 


1000 
a.  From  the  Russian  mint 


Ofmiridium 
Palladium  • 
Platinum  . 
Iridium 
Rhodium  . 
Common  metals 


b. 
2-2 
1-2 
0-6 

23-3 
6-4 

66-4 

100-0 


small  irregular  masses. 
b.  Black  powder  with  crystalline  scales. 

Analysis  of  Osmiridium  according  to  Deyille  and  Debray. — The  sand  is  first 
determined  bj  the  method  already  given  (p.  681).  The  osmiridium  is  then  disinte- 
grated by  fusion  with  metallic  zinc  as  described  under  Ibidhtm  (iii.  316),  then  mixed 
with  5  pts.  of  barium- peroxide,  or  3  pts.  peroxide  and  1  pt.  nitrate  of  barium,  and 
heated  moderately  for  an  hour  or  two  m  a  silver  crucible  having  a  close-fitting  cover. 
The  mass  when  cold  is  detached  by  pressing  the  sides  of  the  crucible,  and  transfeired 
to  a  capacious  porcelain  dish,  in  which  it  is  mixed  with  hydrochloric  acid  and  a  little 
nitric  acid  (care  being  taken  to  avoid  loss  by  spirting).  The  mixture  is  heated  to 
boiling  till  the  odour  of  osmic  acid  has  entirely  (usappeared,  then  evaporated  to  dry- 
ness slowly  and  at  a  moderate  heat ;  the  resiaue  is  digested  with  warm  water  and  a 
little  acid ;  and  the  solution  is  decanted  from  a  small  portion  of  silica  and  osmiridium, 
the  weight  of  the  latter  being  determined  and  allowed  for.  From  the  solution  the 
barium  is  precipitated  by  a  quantity  of  titrated  sulphuric  acid,  equivalent  to  the  weight 
of  the  peroxide  and  nitrate  of  barium  used  (a  very  slight  excess,  however,  does  no  harm) ; 
the  filtrate  is  treated  with  sal-ammoniac  to  precipitate  the  iridium,  ruthenium  and 
platinum ;  this  precipitate  is  reduced ;  the  platinum  is  dissolved  out  of  it  by  dilute 
nitromuriatic  acid ;  and  the  residue  is  fused  with  nitrate  and  hydrate  of  potassium, 
whereby  it  is  resolved  into  iridium  which  remains  almost  unattacked,  and  ruthenium 
which  dissolves.  The  rhodium  (together  with  any  iron  and  copper  that  may  be  pre- 
sent) remains  in  the  liquid  from  which  the  iridium  &c.  has  been  precipitated  by  sal- 
ammoniac,  and  is  reduced  therefrom  by  the  method  already  described  (p.  682).  The 
osmium  is  estimated  by  loss,  a  method  which  Deville  and  Debray  regarded  as  more 
trustworthy  than  the  collection  of  the  osmic  acid  and  the  determination  of  the  osmium 
therefrom. 

The  composition  of  several  samples  of  the  mineral  as  determined  by  Deville  and 
Debray,  and  others,  is  given  under  Ibidosmiitb  (iiL  324). 

See  page  683. 

Finely  divided  platinum,  obtained  by  igniting  chloro- 


yj^ATzarvM- 


yZJkTZWM-SVOWOB. 

platinate  of  ammonium  (p.  663). 

V&ATOSABSZVB.     NH'Pt — The  ammonia -base  supposed  by  Gerhardt  to  exist 
in  the  ammonioplatinous  compounds.     See  Platikum-basea,  AxMoinACAL  (p.  678). 

V]kA.T08BTXTZtAMZVa,     V]kA.T080yTSZBZVa.       Hypothetical  1 
analogous  to  platosamine.    (See  pLA-nNUM-BASKs,  Obgakic,  p.  679.) 


•  With  the 


meUlt  and  etpedallj  lUver. 
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Naiir«  perozklf  of  Iciid,  PbO*,  frcm  Leiidbillt,  BcoUond. 
FUEOWA^T*     FtrrugiiiouB  upinel  (bp^  Swnkl). 
r^EirmociiAllS.    %ti.  with  WAOHKmrB  (soe  PhosphaisIi  p*  669], 
Ste  MispicxKL  (iii.  1026). 

liZCaSH'OXllllft.    One  of  the  algie  from  whieb  gtloid  la  obtAined 
(ii.  820). 

P^OSSaiMimiCS.    Sjn.  with  Pluxbo-bssikitb. 
PSiOftcszsBHr.    dyn,  with  Eabbgik  (i.  d09X 

F&oatsxsKXTS.  A  h^yrlmtrd  ftilicate  of  cftleiiiiii,  Ca^SiO'SH^,  formed  by  th« 
ftctioQ  of  A  hot  rniju  ml  spring  it  Flambi^reti  on  nn  old  RotnAn  mortiLr.  It  is  depoff it«d 
as  II  g;pliititiouii  nodular  mass,  which  on  <*xpoBiii*  to  tho  ftir  becomes  hurd,  opaque  and 
flnoW'Wbite.     (D*ybrl«,  Ann,  Min.  [fi]  »ia  214.) 

F&miC.     S^p  Pbuicvb, 

FXitricmA^nr,     The  acrid  pnndple  of  the  root  Fiumhoffo  furopma.     It  ia  ob- 

taiufd  by  rppi'mt<xJly  boiling  the  etborPiil  «xtrftct  of  the  root  with  wnter,  whence  it 
b  deposited  on  cooling,  and  mnj  be  purified  bj  ciystallisaLiun  from  alcohol  or 
fiher-alcohoh  It  cryittiQJiaes  in  d<5li>at«  oeedl*^  or  priam«  ofren  gronp*^  in  tufts ;  haa 
S  itjptic  tMiei^h&rine  taate,  with  acrid  biting  aft«r-taiit« ;  melt«  vei^  eftxily,  and  partly 
Toli^ilifi^s  anaU«rpd  wh4*a  hoAted.  It  is  neutral,  nearly  insoluble  id  cohl,  more  soluble 
in  boiling  wat*r.  very  w>luble  in  alcohol  and  ether.  It  diswlves  with  y«»Uow  colour  in 
itrong  sulijhimc  and  in  fhmiog  nitric  add,  and  is  precipitated  by  wiit«r  in  yellow 
flocka.  Alkalia  change  the  colour  of  the  solution  to  a  fine  cfaeny-red ;  acida  rwtora 
the  vellow  coloiir.  Basic  acetate  of  lead  alao  colours  it  red«  a!nd  focniis  m  CftJDiioii 
precipitate.     (Da long,  J,  Pharm.  xir.  441.) 

TlbinOSAaO,     8ee  Ca&bok  (i.  758), 

VSiimSSTBTI&S,     Sef*  L&LD-BADICLBS,  0ROA.HTC  (ill.  561). 

F^mttSXC   0C3SSS.     Native  protoxidt^^  of  leiul  (see  Ijuu,  iii.  649). 

FXt'^MBOCAXiClTS.  Ad  taotDorpbona  mixture  of  the  earbonatee  of  lead  and 
cnkiurn,  Pb"'CO"  32C!i'CO',  occurriDg  in  rhombohedrai  forms  at  Leadhills^  and  in  the 
High  Pint  Mine,  Wmilockhcttdt  Lanarkshire. 

V^vacaOKSSXJVXTS.  Hombpomme^  Blngnmim^  GummispatK'^A  lead^mineral 
n^f'mbling  gum  arabic  in  colour  and  appt^u ranee,  found  at  Huelgoet  in  Brittany, 
at  Nussii^re  u<»ar  Beaujeu,  at  Roughtpn  Gill,  Cumberlind,  and  at  Mine  IjA  Motte, 
Missouri.  According  to  Berzolius  it  is  a  hydratisl  aluminatf  of  lend,  Pb"0.Al*0'.6H*0 
orFb''Al*0*.6H'0.  Damour  and  Bufr^noy,,  on  the  other  hand»  found  in  it  about  8  p'r 
cent,  phosphoric  anhydrid**,  and  according  to  thtir  analysis  it  would  app<^ar  to  be  a 

miiture  or  compuund  of  phosphate  of  lend  with  hydimto  of  alumiDa»  Pb'P*0*.6AF'H*0*, 
(Dana,  ii.  431,) 

P&irMBOSTXA.     Syn.  with  Bofruutoiftrm  (i.  661 ). 

F&inttOSlTS,     Syn.  with  HzTUtOMOBPiUTit  (iii.  151). 

WSVPCJtTXG   TXOirOM.      See  Gaabs,   Collbction  ajkh  PassBSTATiON  ov 

(it.  806). 

WMMUWKtC  ACZS.  An  acid  existing,  aceordjug  to  Verdoi  1  (Compt.  rend,  xxxiii. 
604),  in  the  parenchyma  of  the  luogs  of  moat  aniinaU.  It  lb  rery  uolublo  in  watar* 
insoluble  in  cold  alcohol,  but  soluble  in  boiling  atcohol,  whtmce  it  cr^'iutatliin*  in 
sti'llate  groups  of  shining  neediest,  which  do  not  give  off  any  wat4»r  at  104)'^.  Itttjntaiua 
carbon,  hydrogen,  nitrogen*  oxygen,  and  sulphur,  forms  cry Btslli sable  tialts^  and  de- 
composefl  carbonates  (Grrh.  iii.  924). 

FOIUUtZSATSOlt,  I]X.SCTmzC;AJL.     See  ElbctUCITT  (ii*  399,  429). 

FOXh&mXSATXOlf ,   l»£AGfr£TIO.     Sif>  Maoketiiim  (iii.  767,  763> 

WQIOkMJBJkTlOW   OX*   XtiaBT.     See  Light  (iii.  652). 

V0&XT^OX^  A  vdlntile  gil  obtained  frr^m  the  herb  of  Afentka  PhU^hm  at 
flowering  time,  by  <ii«Til];\iion  with  water,  and  hnring,  according  to  Kane,  the  compofti- 
iioil  of  camphor,  C''1I'*0.  It  re  y*  Ilowish,  ha«  an  Jiromstic  odour,  a  specific  gravity  of 
0*0271  to  0-939;  boils  betwv*>n  182^  and  18A<^,  and  Wves  a  small  quantity  of  aolid 
mattiir  when  rtotificd.     (Handw.  d.  Chem.  ti.  616*) 

A  variety  of  native  peroxide  of  mangaueae  oeeming  at  Pl&tten  in 
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Bohemia,  *and,  together  with  pyrolusite,  at  Schneeberg  and  Johannisberg  in  Stixooj. 

It  crystallises,  like  pyrolusite,  in  trimetric  forms,  but  differs  from  it  in  the  proportioiis 

of  its  axes,  and  in  cleaving  distinctly  parallel  to  the  brachydiagonal  only,  whereas 

pyrolnsite  cleaves  parallel  to  all  three  axes.   It  is  also  distinguished  by  greater  haidness. 

a.  b.  e.  «dP  :  obP.         Hardnni. 

Pyrolnsite         1     :     1066       :     0776  93<*  40'  2*25 

PoUanite  1     :     1-0613     :     0  6317        92°  62'         6-6  to  7 

(Dana,  ii.  131 ;  Handw.  vi.  616.) 

VO&ZBWB.  Volekers  name  for  one  of  the  compounds  obtained  by  heating  solpho* 
cyanate  of  ammonium  {q,  v.)  above  300°.  Volckel  regards  it  as  isomeric  with  melamine 
or  cyanuramide  (ii.  287) ;  but^  according  to  Liebig,  it  is  identical  with  meUm  (iii.  865) 
(see  GmeUfCs  Handbook,  ix.  484). 

V01«Z8HZVCI  VOWIIBB.    Very  finely  divided  ferric  oxide,  used  for  polishing 

optical  glasses,  Daguerr^type  plates,  &c. 

yOT»TSHTlfCI  BlULTM.  Polirschirfer. — ^A  porous,  slaty,  fine-earthy  rock,  mostly 
of  yellowish-white  colour,  consisting  almost  entlrelv  of  the  siliceous  shelLs  of  infusoria 
(Eh  r  en  berg).  That  occurring  on  the  Kritschelberg  near  Bilin,  in  Bohemia,  was 
found  byBaumann  {Rammelsber^s  Miner alchemie,  p.  136)  to  contain  87*58  per  cent, 
silica,  2*04  alumina  and  ferric  oxide,  1'09  lime,  0'30  magnesia,  and  8*89  water.  In 
il6me  places  it  \A  found  to  be  converted  into  a  semi-opaline  substance. 

VO&&U3L  A  silicate  of  aluminium  and  caesium,  occurring,  together  with  Castor 
(p.  381),  in  the  island  of  Elba.  It  resembles  analdme  in  form;  is  colourless  luid 
transparent ;  has  a  conchoidal  fracture  with  yitreous  lustre  on  the  fractured  snxfiMe. 
Hardness  »  6-6.  Specific  gravity  =  2900.  When  heated  it  gives  oflf  a  little  water, 
and  becomes  transparent,  and  when  heated  on  platinum-wire  with  a  little  fluoride  of 
ammonium,  and  then  moistened  with  hydrochloric  acid,  it  exhibits  in  the  spectroscope 
the  two  blue  lines  of  caesium,  together  with  the  sodium-lines.  Gives  by  an^ysis  44 '03 
per  cent,  silica,  16*97  alumina,  0*68  ferric  oxide,  0*68  lime,  34*07  oxide  of  cssinm, 
3*88  oxide  of  sodium,  and  2*40  water  »  101*71.  (F.  Pisani,  Bull.  Soc.  Chim.  [21  i. 
466.) 

PoUnx  was  discovered  by  Breithaupt,  and  imperfectly  analysed  by  Plattner  (with  a 
loss  of  7  per  cent.),  who  regarded  it  as  a  silicate  of  aluminium,  potassium,  and  sodium. 

V01«TABB&PBZTa.  A  brownish-yellow  garnet  from  the  Franklin  furnace. 
New  Jersey,  containing,  according  to  Weber  (Rammelsherg's  Mineralckemie,  p.  693), 
84*83  percent  silica,  1*12  alumina,  28*73  ferric  oxide,  8*82  manganous  oxide,  24*05 
lime,  and  1*42  magnesia  (=  98*97). 

F01«TASCIXTa.  A  rose-coloured  eranular  variety  of  anorthite  firom  Tunaberg  in 
Sweden,  containing,  according  toA.Erdmann  (Bammelsber^s Mineralehemie,p,  593): 

8IO».       Al«0».       Fe«0».    M««0».    Ca"0.     Mr"0.     Na«0.      K«0.       HH). 

46*12     36-64       014       0*30       6*88       0*26       0*67       6*93       4*92  a   99*86. 

VOZiTBASXTa.  A  sulpharseno-antimonite  of  silver  and  copper,  occurring  in 
short  tabular  hexagonal  prisms,  oP  .  ooP  .  P,  having  the  principal  axis  s  1*4132. 
Angle  P :  P  in  the  terminal  edges  «  129<*  32' ;  in  the  basal  edges  «  117*^ ;  oP  :  P  — 
121^  30'.  The  terminal  planes  are  triangularly  striated  parallel  to  the  terminal 
edges.  Cleavage  basal,  imperfect  It  occurs  also  massive  and  disseminated.  Hardness 
■1  2 — 3.  Specific  gravity  «  6*214.  Lustre  metallic.  Colour  iron-black;  thin  tabular 
crystals,  however,  appear  cherry-red  by  transmitted  light.  Streak  iron-black.  Opaque. 
Fracture  uneven. 

Analyses:  a.  from  Schemnitz;  b.  from  Freiberg  (K  Hose,  Pogg.  Ann.  xr.  573) ; 

c.  from  Cornwall  (Jay's  Miscellaneotts  Chemical  Researches^  Gottingen,  1853,  p.  21); 

d.  Durango,  Mexico  (H.  Rose). 

S.  Sb.  As.  Ag.  Cu.  Fe.  Zn. 

a.  16*83  0*26  6-23  72*43  304  033  0*69  -  99*70 

b.  16-36  8-39  1*17  69*99  4*11  0*29  .      .  -  100*80 

c.  16*87  6-46  3-41  7201  3*36  0*34  .      .  -  100'45 

d.  1704  609  3*74  64*29  9*93  006  .      .  -  100*15 

The  mineral  is  an  isomorphous  mixture  of  sulphur-salts  (Ag;Cu)*(Sb;  As)S'or 
(Ag*S ;  Cu«S)»(Sb*S» ;  As«S»),  in  which 

Ag    I    Cu  Sb     r    At 

in  a  and  b     -m       9    :     I  inaal:40 

inc-ilO:l  in6«i9:2 

in  <{     «      4    :    1  in  c  and «?     >»     1    :      1 
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Sti'pbiuiitr  iind  iron  pyntes  occur  &■  |»eitdoiiicir|)li4  after  poljrtNuite.    (DAtm,  ii.  86.) 

lPOSiTCSKXST<*fiyAXT.  An  old  nunie  for  netUnU  tulpbite  of  poUflsium  ;  abo 
Ibf  »«Kiio-potarshie  tiirtiute, 

9<>&YGBX OStkZTS.  A  Hiliesite  found  io  gsei^i  at  Emgero^,  Nonruy.  crysUlliiM^d 
in  iix-^ided  pri«raH  of  about  120^  with  flat  tummita  ;  11I0O  mii»aivQ  und  n^nifonn. 
HurdAeM  —  S— 3  5.  Lustre  gr<*^J-  Colour  blue,  gwou,  brown,  und  f©d»  rarely 
vhile.  Aroording  to  aq  auiilytkU  by  Di%hl  {Lemth.  Jahrb,  1846^  p^  2B8^  it  oonUins 
£2  per  cent  silicu,  37  MlamiQii,  7  mogneiiai  3  ferric  oxide,  togoUier  witli  Um«  uid 
wmter.    Scbo«rer  found  le«B  alumizui  Had  6  per  eeot  water. 

POXiTCB&OXT'S.     SjiL  with  S^raAXDr, 

F01.TCHSrOM£.     8yn.  with  AR<«ct^i.l2i  (i.  60). 

FOXiTOSKoacxo  or  pox*TGS8.oMa.TYC  ACZB^  Syn.  with  Axosnc  Acid 
{i.  148). 

FOX.TCmJI.BK.     See  NiODlUil  (p.  57). 

FO^TSTSlfXEVZO  A.SiC0S01*S,     Sm  ETETi^BTfE,  HTDH^TSi  OF  (ii  676). 

FaX.YOAl.ZC  ACZI>  or  FO^TGAXtZV*     Syu.  with  Simaom. 

FO&TaAHtJL&xy.     The  dhoia  applie^l  by  HeinMch  {Bucbn.  Repert.  zrii.  289) 

to  u  cr>'i4tnliiite  bitTt  r  ^ub^tiiar-c>  which  r«<matnM,  together  with  wax  and  chlorophyll^ 
when  thf"  altx^holic  fitriiet  of  I\>Itf^ala  amara  is  treated  with  etlier. 

FOXiTOOHirat  rAaOFTmVlS.  BuckwhiNdt  (i.  6S5). 
FOXt-ra^TCSmxc  AZ.C0B0Z.S.  See  Glyoirtl,  Htt>ti4TB9  or  (ii.  S94), 
FOX.YBAX.ZTZl.  A  cr>**tnllio<*  mixture  or  cotnpouud  of  vanous  sulphates  repre- 
ieuttid  by  the  formula  M'^O'/lH'Oj  occurring  with  rrtck-salt  iu  vunoufl  localities 
(Iftchl,  Anaaee,  Hall«tadt,  Bcrchtcagradf^n^  Graiind,  Stajaafurth,  Vic  in  the  dept  of  the 
Meurthf,  &c. ),  in  rhombic  primu  of  \lb^.  The  composition  viuriee  eooeid^rably,  aa 
fihown  by  tho  following  analyset :  a,  from  Ijichl  (Stromeyer,  Unterrmekimgemt  i. 
144)  ;_^,  i^m  Hallatadt  (v.  H aner,  Wien.  Akad.  Ber.  xL  386)  ; — c,  ftom  Ebeoaee  (v. 
Hauer)  j— <l.  from  the  rock-aalt  of  Stastifurth  (Reichardt,  Jahr««b.  1862,  p.  767)* 


Ca"SOn 

Mrson 

K»SO*. 

NtCU         F»»0», 

H^O* 

a* 

4447 

2003 

2770 

0  19         0  34 

6^6 

K 

08*96 

b. 

66  41 

1104 

14-81 

12^16          .     . 

6-68 

M 

100 

e. 

61*18 

13-63 

1912 

0-28         0-41 

606 

■« 

100-52 

4, 

43*44 

20-66 

26*22 

0-68  Mg"Cl* 

7-47 

-> 

98-27 

FO&T&ACTTX-COllKFOUiniB.      See    Lacric    ActD    and    Lacnc     ETKiBi 

(ill-  461—464), 

90%T%3rSWbm  A  TuriiM  J  of  uu^te  from  Hoboken*  New  Jersey,  eontainiiig,  aooonl- 
ing  to  Thomi^on  {OtitiimA,  i,  49<')),  4004  eilica,  9'42  alumina,  3408  ferrous  oxide^ 
6-6  manganous  oxidi\  11-64  liuif,  and  0  40  water. 

FO^TlCBBXSliS.  Bodii'-e  ar<»  said  to  be  polymeric  when  they  have  the  same 
percentage  ootapoeitioD,  but  diiferent  molecular  weights;  the  oleflnee  OH^  for  ex* 
ample  (ftee  lacnomvii,  iti.  416). 

FO&TMZO>WZra.  A  mineral  occurring  nt  Fredriksriirn,  Norway,  in  trimetrie 
etystali  iK>mftimc«  an  inch  long,  imbedded  in  ff'lftpar  Htid  £ircon-|yemte.  Ax«« 
aih.c  -  1  ;  10308  :  0-7262.  Angle  ocp  :  ceP  =^  9144';  oP :  F«j  *-  144°  3'. 
Obaerred  combinAtion  <»fvt  .  oP  .  2p2  ,  4fat5 .  2^ «  ,  f «  .  Cleariige  parallel  to 
oof «  and  oP  in  tiacea.  The  cryntal*  ar©  u§unlly  fclond<-*r  and  lon^tudioalfy  striated. 
HardncM  —  6-6.  Specific  gravity  —  4-77— 4*86*  Lustre  submetjUlic.  Colour  black. 
Stnak  dark  brown.  Opaijjue.  Fracture  eoncho'idol.  It  contains,  according  ta 
SerxeliuB  (Kongl  Vetensk.  Akad.  FGrhandL  1824,  ii.  339),  46  30  per  cent,  titanic 
oxide,  14*14  sireonia,  1220  ferric  oxide,  2  70  miuiguuic  oxide,  6*00  cearic  oxtdrs 
11-60  yttria.  and  4'20  lime.  The  diffieidty  of  separating  the  titanic  oxide  and  lirconia 
rendera  the  anulyt^is  sotnewhat  mucertain. 

FO^TlCOKFBXavc  A  body  in  aaid  to  be  polymorphona  when  it  (rystalliik'V  in 
two  or  more  forms  not  derivable  one  from  the  other  (»ee  Dimoaphish^  iL  331  )i 

FO&TSZZ.XGXC    ACXX»S«     See  SiucATES. 

Fo&TSFBB&XTBi  Brown  lead-^ore  from  the  Sonnunwirbet  mine  near  Freiberg 
(p.  667). 

FO&TlfVtBBZJrSB.  Hydrocarbons  polymetie  with  oil  of  turpentine  (aeo 
Tkuebenb). 
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VO&TTB&XTB.     See  Tktrahbdritb. 

V01«TTBZ0]rZC  ACZB8.     See  Sulphur,  Oxtoex-acxdb  of. 

VO&TXBWB.    An  old  name  of  native  platinum. 

VOBKPXOIaTX.    An  old  name  for  impure  zinc-oxide,  sablimed  in  the  roasting  of 

sino-ores  and  in  the  melting  of  brass :  also  called  Nihilum  album, 

VOWOAMZA.  The  seeds  of  Pongamia  glabra  contain  27  per  cent^  of  a  dark- 
yellow  fat  oil,  having  a  specific  gravity  of  0'945,  a  poisonous  odour  and  bitter  taste, 
and  solidifying  at  8°.     (Lepin  e,  J.  Pharm.  [3]  xl.  16.) 

VOOWAB&ZTS.    A  variety  of  scolecite  from  Poonah  in  Hindostan. 

VOV&A&-8UB8.  The  buds  of  Populus  nigra  and  P.  joyranddalit  contain  a 
colouring  matter  called  chrysinic  acid,  associated  with  salicin,  a  volatile  oil,  and  a 
resinous  substance.  To  extract  the  chrysinic  acid,  the  alcoholic  extract  of  the  bads  is 
treated  with  basic  acetate  of  lead;  the  solution,  freed  from  lead  bj  snlphydrie 
acid  and  filtered,  is  evaporated  to  dzyness ;  and  the  residue  is  treated  with  water  to 
remove  salicin,  then  freed  from  resin  by  redissolving  it  in  alcohol,  and  precipitating  a 
second  time  with  basic  acetate  of  lead.  The  liquid,  if  left  to  itself,  after  beins  freed  from 
lead,  deposits,  after  a  while,  a  white  powder  consisting  of  chrysinic  add,  wbich  may  be 
purified  by  recrystallisation  from  alcoboL 

Chrysinic  acid,  C'H'O*,  crystallises  in  thin  fragile  laminie,  perfectly  white  if  pre- 
served from  contact  with  ammoniacal  vapours.  It  is  anhydrous,  bears  a  heat  of  200^ 
without  decomposing,  and  sublimes  in  fine  needles  at  a  higher  tempeimtare.  It  is 
nearly  insoluble  in  water,  soluble  in  boiling,  less  soluble  in  cold  alcohol,  soluble  in 
ether. 

Chrysinic  add  dissolves  with  a  fine  yellow  colour  in  strong  sulphuric  add  and  in 
alkalis ;  barvta  and  lime  also  colour  it  yellow,  but  do  not  dissolve  it  easily.  Kitrie 
acid  first  colours  it  yellow,  then  decomposes  it ;  acetic  add  and  hydrochloric  acid  have 
no  action  upon  it.  With  iron-salts  it  forms  a  dirty-green  precipitate ;  with  neutral 
lead-acetate,  no  precipitate ;  with  the  basic  acetate  a  slignt  predpitate,  soluble  in 
acetic  add.  The  alcoholic  solution  of  the  add  mixed  with  chloride  of  lime  becomes 
yellow  in  the  cold  and  red  when  heated. 

Ckrysinate  of  potassium  crystallises  in  slender  needles  ;  the  ammomum-9aU  is  ob- 
tained by  evaporation  in  spherical  masses.  The  barium^salt^  0**H"Ba**O*,  is  obtained 
by  adding  a  boiling  alcoholic  solution  of  chrysinic  add  to  an  excess  of  baiyta-watn ; 
and  is  deposited  on  cooling  as  a  yellow  powder.  (J.  Piccard,  J.  pr.  Chem.  xciiL  869; 
Bull.  Soc  Chim.  1866,  ii.  144.) 

VOPPT.     The  black  poppy  {Papaver  somnifcrum^  var.  nigrum),  which  has  red 

flowers  and  black  seeds,  is  cultivated  chiefly  for  the  fat  oil  yielded  by  its  seeds ;  the 
white  poppy  (P.  somniftrum,  var.  album,  sometimes  regarded  as  a  distinct  swedes  and 
called  P.  officinale),  having  white  flowers  and  seeds,  for  the  production  of  opium. 

The  seeds  of  the  white  poppy  (Pavot  blanc,  var.  a  yeus  ouverts)  have  been  found  by 
Sacc  (Ann.  Ch.  Phys.  [3]  xxvii  473)  to  contain  (exdusive  of  3*03  per  cent  hygro- 
scopic moisture)  45*1  per  cent,  expressed  oil,  9*6  fat  oil  extracted  by  ether,  together 
with  colouring  and  odoriferous  matters,  3*5  volatile  substance,  23'3  pectous  substances, 
12'6  protein -compoundn,  and  59  woody  fibre. 

The  elementarv  composition  of  the  seed,  oil-cake,  and  oU,  oi  the  white  poppy  filtered 
without  access  of  air,  were  found  to  be  as  follows : 


Oil-cake  after 

Seed. 

Oil.cake. 

exbauktlon  with 

OIL 

Carbon         .... 

ether. 

6223 

47-74 

42-27 

76-63 

Hydrogen    .... 

9-20 

6-76 

604 

11-68 

Nitrogen       .... 

3-69 

5-97 

7-64 

Oxygen  and  loss  . 

17-97 

28-94 

30-85 

11-74 

Ash 

700 

1059 

13-20 

The  ash  of  the  seed  contained  082  K'O,  447  Na*0,  2808  Ca'O,  433  Mg'O,  1-99  S0», 
4-84  SiO«,  17-66  C0«.  37  81  F'O*. 

Wild  en  stein  (J.  pr.  Chem.  liv.  200)  has  examined  the  ash  of  the  seed  and  herb 
(f.  e.  stnlks,  leaves,  and  cleansed  roots)  of  the  black  poppy,  grown  on  the  weathered 
Taunus  slute  near  Wiesbaden.  The  dried  seed  yielded  612,  the  dried  herb  7*86  per 
cent  ash,  containing — 


per 
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EtO.       CiO.    MfO.     Un^O»,    SOi.       B»0^.     THiK  P*^P0«,  ICCl.    1f«CL 
Seed       9-10     36*36     949     tmee     1 92       3*24     3098    031     716     1 94  »     99  99 
Herb    36*37     30*24     6-47     tnc«     6  09     11*40       1*23     414     260     861  «  lOUOO 
The>  air-dried  leedi  tr&iited  with  nitric  add  and  chlorate  of  potjuajum  gure  0*0828,  Aud 
tJi«  ikir^ned  horb,  0*0594  p<«r  cent,  sulphur. 

POWT-OBK*  HuiU  d^iritUttf^  HuUe  df  Pamt. — A  fat  drying  oil  obtained  hj 
•xpreMiofi  frora  the  Bcf'dH  of  the  bluok  p^pny  (Papatrr  9amn{frrumt  var.  niffrum).  It 
rfnembtM  oliv^oil  in  aspect  and  odoQr„  and  is  qmto  freo  from  the  narcotic  propertiea 
of  opium.  8p«c3flc  gmvitj  —  0*9249  at  —16®.  It  »olidifi<'»at  -  1 8**,  and  r*inaint  iolid 
for  a  long  time  a(t^r  tfa«  temperature  haa  riaen  lo  -  2*=*.  It  diMokes  to  26  pt«.  of  cold 
and  6  pia.  ot  boiliag  alcohol,  aod  mixes  in  all  proportiona  with  ether.  C^otaina, 
acfordiiig  to  Ltfort,  77*20  per  cent,  carbon,  11 '31  hydrogen,  and  11 '49  oxygen;  lee 
alao  Sacc^a  analjiia  of  the  oil  firom  white  poppy  needs  (p.  6SS). 

Poppy-oil  jieidii  Bubttitution -products  with  chlorine  and  bromine.  The  ehlorinattd 
oil  h»B  a  somewhat  deeper  yellow  colour  than  the  origin aj  oil,  about  the  same  oun- 
natenoe  as  castor  oil  and  a  specific  gravity  of  1*070  at  3^.  It  contains  tn/oi  20*3  (o 
20*4  per  cent,  chlorine.  The  bnrminatcd  ail  containing  36*6  to  36*7  per  cent,  bromini*, 
has  a  slight  yellowish  tinge,  and  the  same  coniij»toncc  ss  the  preceding :  specific  gravitj 
-  1*279  at  2^, 

Poppy -oil  is  nsed  as  an  article  of  di<:t  in  the  south  of  Germany  and  the  north  of 
France.  It  is  <nnploy«<l  io  painting  to  mix  with  light  eolourfi,  for  which  purpose  it  is 
first  bteached  by  exposure  to  the  huu  in  shallow  teasels  containing  salt  water.  (Kjt 
further  detailn,  ttee  Gnuiin'a  Handiiock^  xri.  312.) 

»0»irsaV,  C«H*'0\  ori?r^*ojr/«rficTn,  C"H"<C'n*0)0'.— This  substance,  dii*- 
eovered  in  1331  by  Braeonnot  (Ann,  Ch.  Phys,  (2)  xIit.  296),  and  invostignUtl 
ehiefiy  by  Piri  a  (Ann.  Ch.  Phys.  [3]  xxxiv.  278  ^  xIit.  366),  exists  in  the  bark,  leu  res 
attd  root  of  the  aspen  {PapiUuA  trtttiula), 

Prrvaraiion.^},  The  aqueous  decoction  of  the  bark  is  pr<>cipitatod  with  basic  acetste 
of  laaa  ;  the  filtrate  m  froed  from  load  by  fiulphunc  scid,  then  concrntratwl  and  boiled 
with  animal  chari?oal ;  and  the  Milicin,  which  likewise  exists  in  the  bark,  is  left  to 
crystalliae  oat.  The  mother-liquor  yields  with  earbooate  of  potassium,  a  white  precipi* 
of   populin  which   rou«t  b«  recrystallieed  from  boiling  water  (Braeonnot)* 


Uta 


Herb  erg  er(Buchn.  Repert.  Iv.  204),  aher  precipitating  with  basic  acetate  of  lead, 
remoTed  3ia  lead  by  paseing  carWnic  acid  into  the  liqnid,  and  evaporated  the  filtnit« 
to  a  OTrmp^  from  which  the  populin  crjKtallised.  From  the  decoction  of  the  root^bark, 
popnlin  crystallises  after  coucentratioQ  (eren  without  precipitation  by  basic  acetate  of 
liM)  (Tan  da  Ohein). — 2.  The  leaves  of  the  aspen  are  boiled  with  water;  the  de- 
CDetaon  is  nreeipttatea  hot  with  basic  acetate  of  lead  ;  the  populin  carried  down  with 
the  precipitate  ts  dissolved  out  by  boiling  water;  and  the  filtmte  is  evapirated  to  a 
sjiTup,  The  crystalline  mass  which  separates  is  pressed  between  linens  heated  to 
boiling  with  60  pis.  water  and  a  little  animal  charcoal,  and  filtered  at  the  boiling  heat; 
the  populin  oyitalliies  on  coohog.     (Br aeon  not>) 

iV«^«rl«5S.— (^atallised  populin,  C*H«0*.2H*0.  forms  white,  silky,  Tery  light 
Dsedlesi,  which  gire  off  part  of  their  water  between  35^  and  4U°,  and  the  re;^  (S'43 
per  eent.  in  all)  at  a  temperature  short  of  lOlF.  Anhydrous  populin  melts  at  180^  to 
a  oolouriess  liquid  which  Holtdi6es  to  a  vitreous  mass  on  cooling.  Populia  has  a  sweet 
taste.  It  turns  the  plane  of  polarisation  to  the  left,  to  an  extent  proportional  to  the 
quantity  of  salicin  prodooed  by  its  decomposition  {in/ra).  (Biot  and  Pasteur, 
Compt.  rend.  xiLxir.  607.) 

Crystallised  populin  dissolves  in  about  20O0  pts,  of  cold  water  (Bra con  not),  in 
1896  pts.  at  9**  (Piria)  and  in  70  pts,  boiling  water  (Braconnot),  The  cold  solu- 
tion deposits  populin  oo  being  sahintted  with  common  salt;  the  solution  saturated  at 
the  boiling  heat  deposits  it  on  cooling.  It  dissolves  at  14^ — 15°,  in  100  pta,  absolute 
alvokol  (Biot  and  Pasteur);  in  boiling  alcohol  more  abundantly  than  in  boiling 
wat^-r,  scarcely  at  all  in  eiker> 

Populin  dissolves  easily  and  without  deeompoeation  in  cold  acids,  not  too  concentrated, 
and  is  precipitated  partially  by  water,  completely  bj  iilkalis  (Braconnot,  Koninck). 
According  to  Koninck,  it  dii>!:iolves  aim  in  aqueous  aikalu,  snd  is  precipitated  by  adds. 

Aqueous  populin  does  not  precipitate  any  ijutafHc  suit  (Bracoonot).  It  czystal* 
lises  unaltered  from  solution  in  aqueoue  metallic  salts,  but  may  be  made  to  com- 
bine with  <md4  of  licdf  forming  a  white  subiitance  nearly  insolullo  in  water* 
(Koninck*) 

Populin  dissolves  easily  in  cold  concentrated  aeetie  acid^  and  is  precipitated  there- 
from partially  by  wat  er,  com  pi  et  ely  by  alkalis,     (Braconnot.) 

D  compositions, —  I,  Fused  populin  heated  to  180°  gires  off  pungent  vapours  which 
condfnswin  needles;  at  220-  it  turns  brown,  lnjr  1*;  ol.i-uned  unaltered  after  solution  in 
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aqueous  alcohol  (Piria).  When  subjected  to  dry  distillation,  it  swells  up  and  yields 
empyreumatic  oil,  from  which  benzoic  acid  crystallises  on  cooling  (Br  aeon  not). — 

2.  It  bums  with    flame  and  an   empyreumatic    resinous   odour  (Br  a  con  not). — 

3.  Heated  with  sulphuric  acid  and  acidehromate  of  potassium^  it  gives  offl&rge  quan- 
tities of  salicylous  acid  (Piria).— 4.  By  solution  in  nitric  acid  of  specific  gravity  1*30 
it  is  converted  into  benzo-helicin,  which  crystallises  after  standing  for  some  time. 
The  solution  at  the  same  time  is  coloured  yellow  by  nitric  peroxide  (Piria): 

C»H«0»  +  O  -  C»H*»0«  +  H»0. 
Weak  nitric  acid  acts  upon  populin  only  at  the  boiling  heat,  salicylous  add  being 
given  off  from  the  acid  solution ;  ordinary  nitric  acid  acts  violently,  producing  yellowiah 
crystals,  probably  consisting  of  picric,  nitrobenzoie  and  oxalic  acida  (Piria). — 6.  With 
strong  stuphuric  acid  popidm  forms  a  deep  red  solution  whence  water  throws  down  a 
red  powder  (Braconnot's  mtilin),  which,  after  the  sulphuric  acid  has  been  removed, 
dissolves  in  water  with  red  colour,  and  is  repreeipitated  by  acids  (Br aeon  not).  Hot 
oil  of  vitriol  carbonises  populin.     (Koninck.) 

By  boiling  with  dilute  acids,  populin  is  resolved  into  saligenin,  bensoic  acid  and 
glucose : 

C«H«0»  +   2^0     -     CrH«0«  +  (rH»0«  +  C«H»*0«; 
Fopulln.  Saligenlo.         Beniolc  Gluoote. 

acid, 
and  the  saligenin  is  converted  by  the  farther  action  of  the  acid  into  salirotin,  C^'K)* 
—  2C'H*0*  —  2H'0.    Concentrated  j^AoApA^^no  acid  forms  saliretin  even  in  the  cold. 
(Braconnot) 

6.  Populin  heated  to  100^  in  a  sealed  tube  with  alcoholic  ammonia,  yields  wmlmn, 
benzamide  and  bensoic  ether.  Gkuieous  ammonia  does  not  act  on  populin  at  1 509 
(Piria). — 7.  Heated  with  potassium-hydrate^  it  yields  oxalate  of  potassium  (Bracon- 
not).— 8.  Populin  boiled  with  hydrate  of  calcium  or  barium  yields  a  benaoate  and 
salicin: 

C"H«0«  +  VO     -     CrH»0«  +  C»«H"0\ 
Populin.  Bensoic  Saliclo. 

acid. 

100  pts.  crystallised  populin  yield  28*9  pta.  benzoic  acid,  the  calculated  quantity  being 
28*64  pts.  (Piria). — 9.  By  prolonged  boiling  with  water,  putrid  casein,  and  earbonate 
of  calcium,  it  is  decomposed  with  formation  of  saligenin,  lactate  of  calcium  and  benaoata 
of  calcium.     (P  i  r i  a.) 

Populin  is  noft  altered  bv  chlorine  or  iodine,  or  by  boiling  with  phosphorus  and  water 
(Braconnot),  or  by  emulsiti  (Piria). 

yomcWLATlT.  The  finest  kind  of  earthenware,  made  of  the  purest  and  wfaitast 
day  or  kaolin  (see  Clat,  i.  1024),  and  agglutinated  by  the  addition  of  some  compoond 
such  as  powdered  felspar,  which  softens  and  fuses  at  the  temperature  at  which  the  ware 
is  fired,  whereby  the  mass  is  rendered  semi-transparent,  in  the  same  manner  as  paper 
that  has  imbibed  melted  wax  remains  translucent  after  the  latter  has  become  fixed. 
The  fracture  of  porcelain  is  vitreous  and  not  earthy,  and  the  broken  surface  does  not 
adhere  to  the  tongue  like  that  of  common  earthenware ;  it  also  possesses  mudi  greater 
solidity  and  strength,  and  power  of  resisting  sudden  changes  of  temperature. 

»ORCBZiAZV-C]ULT.     See  Clat  (i.  1024). 

»omca&AZir«  SBAirMnS*a.     See  Glass  (ii  844). 
R.    Syn.  with  Scapoutb. 
The  native  alloy  of  gold  and  palladium  (p.  326.) 

VOmFBTSZO  /LCZB.  C»«H'N«0'  «  C'«H*(NO')*0« ?  (Krdmann,  J.  jff. 
Chem.  xxxvii.  403. — ^Om.  xvii.  183.) — An  acid  produced  by  the  action  of  nitric  acid 
on  euxanthone  (ii.  610) ;  so  called  from  its  property  of  producing  a  blood-red  colour 
with  carbonate  of  ammonium.  A  solution  of  euxanthone  in  cold  nitric  acid  of  speeiflc 
gravity  1-81,  becomes  warm  on  stan<]ing,  evolves  red  vapours,  and  on  cooling  deposits 
porphyric  acid,  which  may  be  purified  by  solution  in  carbonate  of  ammonium  and 
precipitation  with  hydrochloric  acid.  It  is  then  obtained  as  a  yellow,  crystalline 
powder,  or  in  very  small  reddish-yeUow  crystals  becoming  electric  when  rubbed. 

According  to  the  mean  of  Erdmann's  analyses,  it  contains  43*63  per  cent  carbon, 
1*45  hydrogen,  11  82  nitrogen.  The  above  formula,  proposed  by  Gerhardt,  which  repre- 
sents it  as  dinitro-euxanthonc,  requires  45*45  C,  1*61  H,  10*62  N,  and  42*42  O. 

Porphyric  acid  is  slightly  soluble,  with  red  colour,  in  pure  water,  insoluble  in  acidn- 
lattfHl  water,  very  slightly  soluble  in  cold,  more  soluble  in  boiling  alcohoL 

When  boiled  with  nitric  acid  it  yields  oxypicric  and  oxalic  acids. 

The  porphyrates  explode  when  heated.  The  acid  dissolves  in  carbonate  of  am- 
monium forming  a  blood-red  neutral  ammonium-salt,  C'*H"(NH*XNO')K)',  sparingly 
soluble  with  yellowish  colour  in  water.   At  1 30^  it  gives  off  water  and  ammonia,  leaving 
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A  tilvlGULIi*  acifl  $off.t  which  rry at atllii«*ti  in  |tale  r«H]  ft^ithcry  ci^kI^Th,  Thp  ttolation  of 
this  M^t  furmn  with  chloride  of  burium*  clilaritli.^  of  rHlcium,  nnitniJ  atftoH'ot  Ic^ad,  atid 
Ditrato  of  Biher,  tM,  and  for  fh<*  most  port  crywfullino  pfwipitrttM  which  diasolrt*  in  a 
larg«!  quiLDtity  of  wilier.  Th^  add  untm4»tiiumDiilt  throws  down  frt^Jin  nitrate  of  silver 
pftlft  orange -coloured  cryetiJlin*'  ftCiih*.  From  eupric  ftulphat<^lbe  oeutml  ammonium- 
aalt  precipitates  black^red  flodu  which  beoooiA  gnuiuUr  on  itiuidiiig  or  more  quickly 
wh«Q  lieat«d^ 

OvTporplijrto  ftetd.  Thii  name  is  ^xcn  by  Erdmjinn  to  an  add  obtained, 
togiethcr  with  oxTpkric  acid*  by  the  action  of  I  oiling  nitric  acid  on  enziinthon<?.  It 
forms  yellow  niicroflcopic  cryHtAls,  and  diifera  frooi  porphyric  acid  in  forming  with 
ammonia  a  suit  which  la  more  soluble  in  carbonate  of  ammoniiim  than  the  porphymte, 
and  doea  nut  change  colour  from  dark  red  to  pale  red  when  heatf*d.  The  acid  givea  by 
analysis  (mean)  4276  per  cent,  carbon*  1*38  hydrogen*  ll'Sd  nitrogen  and  43'91 
oxygtn,  a  composition  dim. ring  but  littlp  from  that  of  porphyric  acid :  hence  Laurent 
(Compt  chim.  1841>,  p.  384)  rt^gnrdcd  the  two  as  probably  id^nlicaL 

yOliPsniX¥£«  The  name  givttn  by  Streng  to  th«  meliiphyr-porphyry  (liL  867) 
of  tbe  sonthtrn  rungv  of  the  H&rt2.  (For  analyses  see  Jahresberieht,  186S,  p.  76ii ; 
1861,  p.  1067). 

MHftFBTmOSXV.  A  nentml  substJLnce  said  hv  Merck  to  exist  in  some  kiodt 
of  opium  (p.  2(»8).  The  same  body  is  ssid  by  G.  Qibb  (Pbirm.  J,  Trans.  [2]  i.  454) 
to  exist  in  Sanguinaria  CanadcviMM  (see  SaifQirnfAniA). 


A  rock  consisting  of  a  mote  or  less  compact  fblspathic  base  with 
crystals  of  felMptir  (often  orthoclnBe  or  oligoeljise )  And  othi»r  minejfals  im1:^pddl"d  in  it. 
iL  may  be  green  wiih  blut*"he»  of  pale  grf^-n  or  whit**,  or  red  with  whife  blotches 
or  Bp<*eka,  l^^sides  ofhtT  iilm(U-«  of  colour;  the  Wutehis  of  a  poliKhed  surface  are  the 
felspiir  erystalii.  The  name  \n  derived  from  ■wopf{fpa,  purjil*',  on  account  of  the  brownish 
or  bluish-red  colour  of  crrtain  rarieties  used  by  the  ancients  for  statuary.  The  s«rer«l 
varicticH  of  porphyry  are  nametl  according  to  the  nature  of  the  crystals  wliich  occur 
must  abundantly  in  them  e.ff,  felspar-porphyry,  qnartx-porpbyry  &c. 
Ett  rite -porphyry  has  a  base  composed  of  felapar  or  a  flne-graiuea  mutore  of 
febpar  and  qnarts,  endomng  crystals  of  Tarious  minenls.  Augitic  porphyry  has 
n  baaaltie  base  enclostoe  ayKtals  of  augitei.  GranitiCt  syenitic*  greenatoni^, 
trachyte  porphyry,  £c.^  consist  of  a  granulo-crysttilline  base,  tntenmx«d  with  tha 
constituents  of  gninitc,  syenite,  &c^  and  larger  crystala  of  felspar. 

90StP0rSB>0r&.     Mrrrsckttvintkran ^ObtaiuKl  by  heating  the  belly -blabber 

of  the  ptjrpoiM?  {Bf/fthinun  Phoca^na)  mnth  wstt-r.  It  has  a  density  of  0937  st  16**,  and 
in  tht!  fresh  state,  a  pale  yellow  colour,  an  odour  of  sardines,  and  do«^  not  redden 
litmus  ;  but  ou  eiLposure  to  air  and  light,  it  loses  its  oJour,  becomes  ^t  darker^  then 
nearly  eolourles  ,  (ind  acquires  an  Acid  reaction,  from  liberatiun  of  val«*rinnic  acid.  It 
i-ousisis  of  olein,  murgitrin  [palm  it  in  J,  and  vsibrin*  With  3  pts,  of  boiling  alcohol  of 
Hpceifie  gnivity  0  821,  it  forms  a  iwlut ion  which  Ixeom'-s  tux'Ud  as  soon  as  it  is  removed 
from  the  tire:  with  I  pt.  of  aktjhul  a  more  atabk^  sulution  is  formed,  capabU'  of  taking 
up  any  further  qutmlity  of  ihv  oil  (Chovroul^  IhchtrcfuSt  p.  287  ;  Bert  helot,  Ann, 
Ch.  Phy-Nt,  [3]  ill.  2.53.) 

poaromxao*    An  Italian  glass  resembling  hftfmatinone  (ilL  3)  in  sppeanoc«^ 

but,  ucconling  to  Pettenkofer,  difffrent  from  it  in  composition* 

FOS7SX.     See  Bebr  (i.  529,  633). 

PORTXTB.  White  nirliale  masses  from  the  gnbbro  of  Tuscany,  cleariug  paralkl 
to  tho  siJcs  of  u  prism  of  \t{P,  Specific  gpivity  =  2  4,  8wells  up  bffor«  the  blow- 
pipe, iinil  fuses  to  a  white  «'namei.  Gelatinises  with  acids  in  Ine  cold.  Contains, 
jifcopiJing  to  Bechi  (Sill.  Am.  J.  [2]  xiv.  6a),  58  I'i  per  cent,  silica,  27^  alumina, 
4  87  mngnetira,  176  lime,  U  1^  K>da,  ulU  potash,  7  02  water,  and  appears  to  haTS  been 
fuKimd  by  the  dt*i:on»ji»>sitiem  of  a  zeolite, 

POS*rZJkiro  CSMI£BIT.  A  cement  so  called  bec«u»e  it  has  the  colour  of  FoTtlazid 
«oloni .  It  IS  mridf;  by  mixing  th^  iii^Uaceous  sand  of  the  Thames  with  chaik.  (Be« 
t/Vt'*  l}i€fiotiary  of  Arf^,  dfc.  iii.  471.) 

PORT&AVO  STOirx,  An  oolitic  limestone  immediately  nndertytng  the  Purb«ck 
Btrnta ;  so  called  fru^m  its  dcTelopement  in  the  idlsnd  of  Portland. 

PORTiro&^X«0«OX^    Essential  oil  of  orange-pod.     (See  Citbus,  i.  1002.) 

POTitACOaETOW.  The  composition  of  the  fcnneMpnv'>d  pond-w»»ed  {PtiiomoqHtm 
peciinatus)  hnB  been  determined  by  HerT^  Margon  (Jakresb.  1861,  p,  735)»  with  the 
following  re«ult»: 

Tt   2 
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Conboftlbl*  Mattar 

anhydride. 

Oth«rmlD( 

without  Nitrogen. 

Nitrogen. 

Silica. 

Lime. 

cooatUuOT 

a.          618 

2-6 

60 

121 

10 

166 

b.          69-6 

1-9 

141 

0-8 

•    * 

187 

Cloes  (Compt  rend.  Ivii.  354 ;  Jahresb.  1863,  p.  699)  finds  that,  the  gas  eToWed  firom 
Potamoaetan  ^foliatum  under  the  influence  of  sunshine  and  in  water  continually 
renewed,  consists  wholly  of  oxygen  and  nitrogen  without  any  trace  of  combustible  ga% 
the  composition  varying  from  46-08  per  cent,  oxygen  in  the  first  to  38*5  per  cent,  on 
the  twentieth  da^.  The  same  plant  growing  in  ordinary  aerated  water  slightly  ehajq^ 
with  carbonic  acid,  but  not  renewed,  gave  out  gas  also  consisting  wholly  of  oxygen  and 
nitrogen,  and  containing  70*10  per  cent,  oxygen  on  the  first,  87 '5 2  on  the  third  and 
90-87  per  cent,  on  the  fifth  day. 

FOTASS*  This  term  is  applied  sometimes  to  the  hydrate,  sometimes  to  th« 
anhydrous  oxide  of  potassium,  occasionally  also  to  the  crude  carbonate ;  it  is  best  bow« 
ever  to  restrict  it  to  the  hydrate,  either  in  the  solid  state  or  in  aqueous  solution. 

VOTA8KB8.  Crude  carbonate  of  potassium,  obtained  by  lixiriating  the  aahes  of 
land-plants  and  boiling  down  the  solution  in  iron  pots. 

VOTABB-XiZBKa.  A  mixture  of  hydrate  of  potassium  and  quicklime,  prepared  by 
evaporating  a  mixture  of  caustic  ^tash-ley  and  lime  in  an  iron  pot,  cidcining  the 
residue  in  a  crucible,  and  rubbing  it  to  fine  powder  in  a  warm  mortar.  It  acts  on 
organic  bodies  at  high  temperatures  in  the  same  manner  as  pure  hydrate  of  potassium, 
but  is  more  convenient,  because  it  is  less  fusible  and  does  not  act  so  strongly  on  glass 
vessels.    It  is  however  not  so  much  used  as  the  analogous  mixture  of  lime  and  boos. 

»OTA88  or  VOTASSA.    Hydrate  of  potassium  (p.  700). 

VOTASanrai.  atfrnbol  K.  Atomic  Weight  391.— This  element  is  veiy  widi^ly  dif- 
fused in  nature.  In  the  mineral  kinsdom  it  occurs  as  silicate,  together  with  earthy 
silicates,  in  felspar,  mica,  &c. ;  as  sulphate,  combined  with  sulphate  of  aluminium,  in 
alum- stone;  as  chloride,  bromide  and  iodide  in  sea- water  ana  salt-deposits;  and  as 
nitrate  in  various  soUs  in  tropical  countries.  Potassium-salts  enter  also  into  the  bodies 
of  plants  and  animiJs,  being  taken  up  by  plants  from  the  soil,  entering  into  almost 
every  part  of  the  vegetable  structure,  and  being  thence  tnnsfened  to  the  animal  body, 
where  they  are  found  as  essential  constituents  of  many  organs  and  fluids,  ^sb  and 
milk  for  example. 

The  vegetable  kin^om  is  the  chief  source  from  which  potassium-compounds  ai« 
prepared.  The  potassium  in  plants  exists  in  combination,  paitly  with  inozgaaic;  partly 
with  organic  adds,  tartaric,  oxalic^  citric^  malic,  &c ;  and  when  a  plant  is  bumt^ 
the  inorganic  potassium-salts  contained  in  it,  the  sulphate,  chloride,  &e.,  remain  in  tha 
ash  as  roch,  whilst  the  organic  salts  are  converted  into  carbonate,  and  from  this  the 
other  salts  of  potassium,  as  well  as  the  hydrate,  or  caustic  potash,  may  be  prepaid 
Potassium-salts  are  likewise  obtained  from  the  ashes  of  marine  plants,  from  se^water 
and  brine-springs,  from  felspar  and  other  potassic  minerals,  and  from  the  washings 
of  sheep's  wooL    (See  Potassixtic-salts,  MAjnxFAcruBB  of. 

Preparation  of  the  Metal* — ^Potassium  was  first  isolated  by  Davy  (in  1807),  who 
obtained  it  by  the  electrolysis  of  the  hydrate.  When  a  piece  of  this  substance,  slightly 
moistened  by  exposure  to  the  air,  to  give  it  sufficient  conducting  power,  is  placed  on  a 
j^tinnm-capsule  connected  with  the  negative  pole  of  a  powerfiu  voltaic  battery  (Davy 
used  from  100  to  200  pairs  of  WoUaston's  construction,  six  inches  square),  and  touched 
bv  a  platinum  wire  proceeding  from  the  positive  pole,  it  liquefies  and  is  decomposed, 
globuleB  of  potassium  appearing  on  the  capsule  and  taking  fire,  unless  they  are  quickly 
removed  ana  immersed  m  rock-oiL 

An  easier  method  of  obtaining  potassium  by  electrolysis  is  that  given  byMatthies- 
sen  ^Chem.  Soc  Qu.  J.  viii  30).  A  mixture  of  1  at  chloride  of  potassium  and  1  at. 
chloride  of  calcium  (which  mixture  is  used  because  it  molts  at  a  much  lower  tempera- 
ture than  chloride  of  potassium  alone)  is  melted  in  a  small  porcelain  crucible  over  a 
lamp,  and  subjected  to  the  action  of  a  Bunsen's  battery  of  six  elements  with  carbon 
poles,  the  heat  being  so  regulated  that  a  solid  crust  forms  round  the  negative  carbon 
poK  while  the  mixture  remains  fused  and  allows  the  free  evolution  of  chlorine  at  the 
positive  pole.  When  the  decomposition  has  been  continued  in  this  manner  for  about 
twentjT  minates,  and  the  cooled  crucible  is  opened  under  rock-oil,  a  large  quantity  of 
potassium,  almost  chemically  pure,  is  generally  obtuined.  If  the  same  experiment  be 
repeated  at  a  white  heat  over  a  charcoal  fire  with  an  iron  wire  as  negative  pole,  small 
globules  of  potassium  are  seen  burning  on  the  surface;  and  these  are  found  to  be 
almost  pure.    (Matthiessen.) 

For  preparinff  potassium  in  large  quantities  however,  it  is  necessary  to  resort  to  other 
methods.   Qay-Lusi^ac  and  Th^nsird,  soon  after  Davy's  discovery  of  the  metal,  showed 
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that  tt  might  be  obtAiaed  in  greater  nbtitiflAiice  by  diktimpoiiiiig  bjrdmU  tit  potjuwiom 
with  tMliJlie  iron  nt  a  white  lieftt.  Iron  taraingii  were  healed  to  wbit«ii<^i»  in  m 
earrad  gun^barr^L  eitr^rtd  with  «  cIav  lute,  and  melted  hydrate  of  potifltium  wiu 
allowed  to  paM  slowly  oxer  the  i^ited  iron.  I>econipo#i(ion  theo  eoBued,  the  iron 
tukiDg  op  the  oxygen  of  the  hydrate,  while  the  potasaium  and  hydrogen  were  set  firwe, 
the  potaaainm  paaabg  over  in  the  state  of  Tapour  and  being  oondenaed  in  a  cooled 
copper  receiTer. 

A  still  more  prodactive  method  ooDsiataia  deoompoaing  carbonate  of  potaaaiom  with 
eh&rooal  at  a  high  temperature.  Thii  method,  first  suggested  by  Cnraudau  (Ann. 
Chim.  Ixri.  97 j,  was  brought  into  an  available  form  by  Brunner  (BibL  Unir.  xxii. 
36),  and  haa  been  still  ^rther  improred  byMareseaandBonn^  (Ann.  Ch.  Phys. 
[3 J  XX.XV.  in)*  An  intimate  mtxture  of  charcoal  and  carbonate  of  potaaainm  it  pre- 
pared by  igniting  about  6  lbs.  of  crude  tartar  (acid  tartrat'O  of  potasBiom)  in  a  eorered 
iron  erticible  till  it  eeasee  to  emit  rapouni.  The  porous  mixture  thua  o!}taiDed  ia 
mpidly  cooled  by  the  appUeatioa  of  cold  water  to  the  outside  of  the  cmcibl#>,  and  the 
cimrrrd  maa^,  broken  into  lumps  a!x}ut  the  size  of  a  haKtl-nut,  ia  qnickly  introduce 
jDto  a  WTiju^bt-iron  bottle  (generally  one  of  the  boLllett  in  which  mercury  ts  f^aporated). 
The  bottle  la  then  introduced  into  a  furnace  a  (JUf,  TS*J),  and  placed  horizontally  on 
f  uppoili  of  fire-brick,  /,  /.     A  wrought-iion  tube  e/,  fuiir  inches  long^  serres  to  convey 
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the  vapouit  of  notaaiium  into  a  receirer  r,  formed  of  two  piecss  of  wrought  iron,  a,  & 
(Jiff,  740),  whicD  are  fitted  closely  to  each  other  so  aa  to  form  a  shallow  box  only  a 
quiirter  of  an  inch  deep*  and  arr  kept  together  by  clump -acrews.  The  iron  plate  »hould 
bo  Jlh  of  an  inch  tbiek»  12  inches  long*  and  6  inchi^s  wide.  The  reccirer  is  open  at 
both  ends,  th^  socket  fitting  upon  the  neck  of  thi*  iron  bottle.  The  olgeet  of  giTing  the 
roceiirer  this  flattened  form  ia  to  ensure  the  rapid  cooling  of  the  potaaainm,  and  thus 
to  withdmw  it  fk)m  the  action  of  the  earlionie  oxide,  which  is  disengaged  during  the 
entire  process,  and  has  ■  strong  tendency  tn  nnite  with  the  potaaainm,  forming  a 
dangerously  explosive  componnd.*  Before  connecting  the  receiver  with  the  tube  d,  the 
fire  i«  fclowly  raided  till  the  iron  bottle  attains  u  dull  r^-d  heat.  Powdered  vitrelled 
borax  it*  then  sprinkled  upon  it,  which  melts  and  fomi«  a  coating,  serving  to  protect  the 
iron  from  oxidation.  The  heat  is  then  to  be  urged  until  it  is  Tery  intenaet  care  being 
taken  to  raise  it  as  equally  aa  posaible  throtighont  er^^ry  part  of  the  furnace.  When  a 
full  reddi{«h- white  heat  is  attained,  vaponni  of  potas«inm  begin  to  appearand  bum  with 
a  bripht  flame.  The  receiver  is  then  adjusted  to  the  end  of  the  tube,  which  muist  not 
project  more  than  a  quarter  of  an  inch  through  the  iron  ptate  forming  the  &ont  wall  of 
the  furnace;  otherwise  the  tube  is  liable  to  m  obstructea  by  the  accumulation  of  sotid 
potassium,  or  of  the  explosive  compound  ahore  mentioned.  Should  uny  obetmcttoa 
oe<'nr,  it  must  be  rpm,OT*«d  by  thmsting  in  an  iron  bar,  and  if  this  fail,  the  tire  must  be 
immediately  withdrawn  by  removing  the  bars  from  the  furnace,  with  the  exo^piion  of 
two  which  support  the  iron  bottle.  The  receiver  ia  kept  cool  by  the  appticaUoo  c*f  a 
wet  doth  to  its  outside.  When  the  operation  is  complete,  the  receiver  with  the  potas^ 
si  urn  is  removed  and  immediately  plunged  into  a  Teasel  of  rectified  Penoon  naphtha 
pmriiled  with  a  covers  and  kept  eool  by  immcnion  in  water.  When  the  appaf^tus  is 
RufHiciently  cooled,  the  potassium  is  detached  and  pwwefved  tinder  naphtha. 

*  la  Bmnner't  orfftaal  prorrAt,  e(»pp«r  rccrircTi  wer«  used  of  nrtindrical  form  snd  much  Urg^r 
cl1mf^ik!i>iiB  than  those  •bf»r#  de»er^b«d  {trm  Grnh!\ra*t  Etemfnu  qf  ChrmiUr^y^nA  ed.  I,  A!ll)'  But 
wuh  lhet«  r^ci^ivpri  th#  condeni^tiieti  of  (hf  pota«»iMin  it«  found  inYm^^rj  onc«rtjiiTi ;  sttd  vb<m  theirnii 
cmmorUng  tutK*  is^ept  red>hot  throughout  it«  whote  kivi^h,  u  it  ibould  t>c  to  |;irv*«ril  <]4>itruciiofi,  lh« 
«ho]«  of  \ht^  rnKal  lomftimct  <r*capei  in  the  fuini  of  irafour,  not  •  p>M(klfl  ciMKl«a«iaf  la  die  rresivtr. 
(MtrciCAaod  DooDt.) 
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To  obtain  the  maximum  produce  of  potassium,  it  is  necessary  that  the  mbctim  of 
potassic  carbonate  and  charcoal  should  contain  1  at  of  the  carbonate  to  2  at  carbon, 
such  a  mixture  when  heated  being  wholly  converted  into  potassium  and  cartMnie 
oxide: 

KK:0*  +   C«     «     K«  +   3C0. 

To  ascertain  whether  this  is  the  case,  the  burnt  tartar  must  be  analysed,  and  any  de- 
viation from  the  required  proportions  must  be  rectified  by  mixing  samples  of  tartar  of 
different  qualities.  But  even  when  the  right  proportions  are  attained,  the  quantity 
of  crude  potassium  obtained  does  not  exceed  one-fourth  of  the  weight  of  tiie  charge, 
whereas  if  the  process  could  be  carried  on  without  loss,  the  yield  should  be  about  one- 
half,  as  162  pts.  of  the  mixture  of  carbonate  and  charcoal  contain  78  pts.  of  potassium. 
Kiihnemann  (Jahreeb.  1864,  p.  180)  recommends  the  addition  of  chalk  to  thebomt 
tartar,  in  such  proportion  that  the  mixture  may  contain  100  pts.  potassic  carbonate  to 
20  pts.  carbon  and  13*5  to  14  pts.  calcic  carbonate. 

The  potassium  obtained  by  this  process  is  not  pure,  but  always  contaminated  with 
compounds  containing  carbon  and  oxygen.  To  remove  these,  it  must  be  distilled  a 
second  time  in  an  iron  retort,  and  this  precaution  is  essential,  as  if  the  crude  potassiam 
is  exposed  to  the  air,  and  even  if  it  is  preserved  under  naphtha,  a  black  detonating 
compound  is  quickly  formed,  which  explodes  violently  on  the  slightest  friction.  The 
purified  metal  amounts  to  about  two-thirds  of  the  quantity  operated  on.  A  third  dia- 
tillation  may  be  necessary  if  the  potassium  is  required  to  be  perfectly  pure.  A  little 
impure  potassium  always  remains  in  the  tube  attached  to  the  retort ;  and  to  preyent 
the  possibility  of  its  forming  the  detonating  compound  above  mentioned,  the  tube 
should  be  detached  as  soon  as  it  is  cold  and  immersed  in  water. 

Properties. — Potassium  is  a  bluish-white  metal  of  specific  giavx^  0*865,  being  the 
lightest  of  all  the  metals  except  lithium,  and  capable  of  fioating  eauly  on  water.  At 
0-*  it  is  brittle  and  has  a  crystalline  fracture ;  it  becomes  malleable  at  a  slightly  higher 
temperature,  soft  at  15^,  pasty  at  a  few  degrees  higher,  and  completely  fluid  at  62*6^. 
In  the  soft  state  it  may  be  cut  with  a  knife,  and  two  clean  surfiwes  of  the  metal  may 
be  welded  together  like  white-hot  iron.  At  a  red  heat  it  may  be  distilled,  yielding  a 
beautiful  green  vapour.  When  freshly  cut  it  possesses  considerable  lustre,  but  instantly 
tarnishes  from  oxidation  when  exposed  to  the  air ;  indeed  it  is  so  greedy  of  oxygen  that 
it  can  only  be  preserved  in  the  metallic  state  by  immersing  it  in  mineral  naphtha  or 
enclosing  it  in  a  sealed  tube.  When  a  few  grammes  of  the  metal  are  melted  in  a  sealed 
tube  filled  .with  coal-gas,  then  left  to  cool  tUl  a  few  solid  points  appear  on  the  surface, 
the  remaining  liquid  portion  poured  off  by  suddenly  inclining  the  tube,  the  solidified 
portion  remains  in  shining  octahedral  crystals  belonging  to  the  dimetric  system,  and 
having  the  angle  P  :  P  =  62°  in  the  terminal,  and  about  76®  in  the  basal  edgrs. 
(C.  E.  Long,  Chcm.  Soc.  Qu.  J.  xiii.  122.) 

Potassium  when  heated  in  the  air  to  its  point  of  volatilisation,  bursts  into  flame 
and  bums  rapidly  with  a  violot  light  When  thrown  upon  water,  it  decomposes  the 
water  with  great  violence,  displacing  half  the  hydrogen  and  forming  hydrate  of 
potassium: 

2H«0   -I-  K«     -     2KII0   +   H». 

The  escaping  hydrogen  carries  with  it  a  small  portion  of  the  volatilised  metal,  and 
takes  fire  from  the  beat  evolved,  burning  with  a  beautiful  rose-red  flame,  while  the 
melted  metal  floats  about  on  the  water,  and  finally  disappears  with  an  explosive  burst 
of  steam  as  the  globule  of  melted  potash  becomes  cool  enough  to  come  into  contact 
with  the  water.  Potassium  likewise  decomposes  nearly  all  gases  containing  oxygen, 
when  heated  in  contact  with  them ;  and  at  high  temperatures  removes  oxygen  from 
almost  all  bodies  containing  that  element  On  the  other  hand  it  is  separated  from  its 
hydrated  oxide  when  very  strongly  heated  in  contact  with  iron  or  charcoal,  the  decom- 
position being  doubtless  greatly  facilitated  by  the  volatility  of  the  potassium.  (See 
Chemical  AFFiimT,  i.  869.) 

Potassium  absorbs  hi/drtHjtn  at  a  heat  short  of  redness,  and  is  converted  into  a 
greyish  hydride  (perhaps  UK*),  from  which  however  the  hydrogen  is  expelled  at  a 
stronger  heat. — Potassium  unites  directly  with  chlorine,  bromine,  iodine,  sulphur,  seU- 
nium  and  tellurium,  burning  vividly  when  heated  in  contact  with  them. — It  also  com- 
bines with  phosphonts,  the  combination  being  attended  with  evolution  of  light  and 
heat  when  the  two  bodies  are  heated  together  in  nitrogen  gas ;  under  mineral  naphtha 
it  takes  place  without  visible  combustion. — When  moderately  heated  in  carbonic  oxide 
gas,  or  when  its  vapour  is  allowed  to  condense  slowly  in  an  atmosphere  of  that  gas,  it 
absorbs  the  carbonic  oxide,  forming  the  black  mass  above  mentioned  (p.  693),  from 
which  the  metal  cannot  be  recovered. 

Potassium  is  a  monatoraic  metal,  belonging  to  the  group  which  includes  the  other 
alkali-metals,  csesium,  rubidium,  lithium,  and  sodiimi,  together  with  fitlver.     With 
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,  i4>ditio  and  fluorioe,  it  forms  flj<»  compomidii  KCI,  KBr,  &c. ;  with 
chlf^nn  ftlso  &  aubchlfjride,  K*C1 ;  with  oxygen  it  forma  n  pmtoxidr,  KK),  the  corw«- 
pootJifi^  Jiydrat<»,  KHO,  a  dioxide,  K*0»  And  a  tetxoxidp,  K*0';  with  Bulphor^  m 
prolosuljjhidej  K*S,  a  salpbjdniU,  KHS,  aod  sevf-ral  paljsulphidea. 

FOTAJiSSVBK,  AXiXiOTB  OV.  Potosaium  forms  aHoje  with  most  other  metalB, 
thft  combination  b«ing  gvoeraUj  effected  bj  fuiuiig  the  two  matals  together  Anti- 
tnonid«,  arsenide  and  hiimothide  of  potajfliitin  are  produced  either  in  thia 
mmsmcr  or  hy  hc*iiting  the  rMpeetiTe  metals  with  cream  of  tartar.  These  oomponndfly 
when  distilled  with  the  alcoholic  iodides,  yield  the  arsenide,  &c.f  of  the  corresponding 
slcohol-radielm  (i.  339,  397*  d96).  The  ar»cnidt>  and  antimonide  decompoee  wat«r» 
with  e vol ttUoa  of  arsenetted  and  sntimonetted  hydrogen. 

An  alloy  of  potassium  and  sodium  oontjiimug  76  5  per  cent  of  the  formsr,  is  pfo- 
dttcsd  by  healing  hydrate  of  potastdum  with  sodium  in  a  tnhe  oontainiiiff  oa4ratchiD  to 
the  boilitig:  point  of  the  liquid  It  is  tluid  at  ordinary  temperatnres  and  lakes  l&rs  in 
cnnNcl  with  water  (Gr,  Williams,  Rip.  Chim.  pure,  lit*  177).  Wanklyn  (loe,  eiL} 
n[4  iinetl  an  alloy  of  theae  nu'tahs,  also  liquid  ttt  ordinary  temperatures,  by  heating 
n'ri't:iL4^  of  putAsdum  with  HOilium. 

The  other  alloys  of  potassium,  some  of  which  are  dcsscribed  under  the  reiqx^ctive 
tnetats^  are  of  no  particular  impurtuuce.  Kespecting  the  amalgam  of  potat»iium,  see 
Maucirar  (iii.  8S9). 

FOTABSXiniC«  AJttSI>S8  OF*  JVaaopofasf  ^mr<if,  KH^,  is  formed  when 
potassium  is  gently  heatrd  in  ammonia-j^aft.  It  is  an  olirc-f^reen  substanct*,  exhibiting 
a  brown  colour  by  tranomitte^l  light  when  in  xery  thin  scales;  is  a  non-conductor  of 
electricity,  melts  at  a  little  above  lOO*^',  and  when  heuied  in  a  close  tcssi^I,  is  resolved, 
at  a  tamperaturc  a  little  bebw  wdnoss,  into  ammonia  snd  tripotaseamide :  3KH'N  « 
2lt'N  +  K'N.  At  a  dull  red  heat  thi^  itmmonta  is  partly  resolved  into  hydrogen  and, 
nitrogen.  When  heated  to  fusion  in  (!»»»  air  or  in  oTf/ffm  pat^  it  burns  rapidly  and  is 
converted  into  hydrate  of  potassium,  with  evolution  of  nitrftgeii.  With  water  it  lonnft 
ammonia  and  hydrate  of  potaasinm ; 

KH^  ^  H'O     -     H^N   +  HKO. 

Acids  and,aleoho1s  act  upon  it  in  a  similsr  manner  (Guy-Lussac  and  Th^nard,  Rt* 
ckrrehesph^ico-chimiqHes,L  537;  H.  Davy,  Phil. Trans.  1800,  pp.  40 and 460).  With 
miU^rou*  tUcokol  it  yields  ammonia  and  ethylate  of  potassium : 

Similarly  with  phtnoi,  W^hen  warmed  with  an  ethenal  solution  of  acetic  anhydride,  il 
fiomis  aeetamide  and  acetate  of  potassium : 

(C»H'0)»0  +  KH»N     -    ^I^Jn    +  ^^[O. 

Zacdde  dissolved  in  ether  acta  slowly  on  it,  ammonia  being  set  f)ree  and  lactate  of 
potaasitim  formed.  An  ethereal  solution  of  ruci  inic  anhydride  has  no  action  upon  it* 
With  compound  (it  h«'n  it  yields  ammonia  and  rc*«inouK  products;  with  benfoate  mi^ 
aofiate  of  ethyl  it  yi*^ldii  also  the  corresponding  pototiaium -salts;  with  onUate  of  ethyl 
it  forms  oxalate  and  oxamate  of  potassium,  dujpbate  of  ethyl  and  oxaUte  of  methyl 
do  not  aet  upon  it.  Wjth  chloride  of  bemoyi  dissolved  m  sjihydroos  ether  it  forma 
beosamide  and  dibenaamide,  according  to  the  equation  i 

When  the  amide  is  brought  into  direct  contact  with  chloride  of  benzoyl  without  the 
intervention  of  ether,  a  very  violent  action  takes  phioe» sometimes  attended  with  inflam- 
mutiun,  and  a  number  of  secondary  products  ure  formed^  including  hydroi^hloric  add, 
binzotc  acid  and  benzoic  cyanide.  (Baumert  and  Landolt,  Ann.  CL  Fharm.  cxi. 
1 ;  Jtthreab.  1859,  p.  ViS.) 

Tripotaseamide  or  yitride  of  Potassium,  K'N,  obtained  by  heating  mono- 
poCassam  ids  without  acoaoi  of  air,  is  a  greenish -black  infu^nible  substance^  which,  whfn 
very  strongly  hoAtad  without  access  of  air,  is  resolved  into  potsssiuia  and  nitrogen.  On 
nxposure  to  the  ait^  it  generally  takes  lire  spontaneously,  burning  with  a  dark-red 
flame.  With  water  it  effervesces  violently,  yielding  ammonia  and  hydrate  of  potassium ; 
K'N  +  3H  O  «  H*N  +  ZKllO.  It  unites  with  eulpkur  or  pkf>»phorue  when 
heated,  forming  a  highly  intlammuble  mixturCi  which  in  contact  with  water  gives  olf 
aulphydric  acid  or  phuMphoretted  hydrogen  ua  well  as  ammonia.  (Gay-^uasac 
and  Thenar d,  Davy.) 

VOTAASI^HK,   MMTUmOWm^m   OF.     Sec  AjrTmoNT(i.  317), 


BCai*OCl   +   8KH*N    » 


^   3KC1   +  H«N. 


696  POTASSIUM:   ARSENIDE— CARBOXIDE, 


VOTASanras,  ABSXirZBB  or.    See  Potassium,  Aixots  of  (p,  696).    The 

compound  K'As  is  formed  by  heating  potassium  in  arsenetted  hydrogen.  It  is  s  chest- 
nut-brown powder,  which  is  decomposed  by  water,  giving  off  arsenetted  hydrogen,  and 
forming  hydrate  of  potassium  ;  K"As  +  3H'0  »  H"As  +  3EH0.  Alloys  contmin- 
ing  larger  proportions  of  arsenic  likewise  yield  solid  arsenide  of  hydrogen  (L  371). 

VOTABSZUXf  BOSXBB  OF  t  Potassium  and  boron  when  heated  together, 
unite  without  inflammation,  forming  a  gre^  metallic  mass,  which  conducts  electrid^, 
and  is  decomposed  by  contact  with  water,  yielding  potash  and  hydride  of  boron  (DaTy). 
According  to  Gay-Lussac  and  Th^naird,  the  product  obtained  as  aboTe  if  only  » 
mechanicaEil  mixture  of  boron  and  potassium. 

FOTA88ZUX,  BSOMnCBB  OT.  K6r.— Potassium  and  bromine  unite  direetlj, 
with  violent  inflammation  and  detonation.  The  bromide  is  also  formed  by  heating 
potassium  in  hydrobromic  add  gas,  and  by  the  action  of  bromine  on  ftised  iodide  of 
potassium.    It  may  be  prepared :  1.  By  neutralising  hydrobromic  acid  with  potash.-— 

2.  By  decomposing  bromide  of  iron  with  an  equivalent  quantity  of  potassie  oaroonate.— - 

3.  Together  with  the  bromate,  by  adding  bromine  to  a  solution  of  caustie  potash  till 
the  liquid  acquires  a  slight  permanent  yellow  colour.  The  bromate  may  then  ba 
decomposed  by  passing  a  current  of  sulphydric  acid  through  the  solution,  the  ezeasa  of 
the  gas  expelled  by  gentle  heating,  the  liquid  filtered  from  the  deposited  sulphur,  and 
evaporated  till  it  yields  crystals  of  the  bromide  (Lowig). — F.  Klein  (Ann.  Ch. 
Pharm.  cxxviii  287)  prepares  the  salt  by  decomposing  bromide  of  calcium  (obtained 
by  triturating  1  pt.  amorphous  phosphorus  with  12*5  pts.  bromine  and  water,  and 
slightly  supersaturating  the  resulting  aqueous  hydrobromic  acid  with  milk  of  lime) 
with  sulphate  of  potassium  (13  pts.),  leaving  the  mixture  to  itself  for  12  hoars,  then 
evaporating  the  filtrate  and  wash-water,  adding  carbonate  of  potassium  as  long  aa  tur- 
bidity ensues,  and  evaporating  the  filtered  liquid  to  the  crystallising  point. 

Bromide  of  potassium  crystallises  in  very  brilliant  cubes,  sometiroee  elongated  into 
prisms  or  flattened  to  plates.  It  has  a  specific  gravity  of  2-690  (Schroder,  Jahresbi 
1859,  p.  12);  tastes  sharp;  decrepitates  in  the  fire,  and  melts  without  deeompoaitioin. 
It  dissolves  more  abundantly  in  hot  than  in  cold  water,  and  is  slightly  soluble  in  alookol. 
It  is  decomposed  at  a  red  heat  by  chlorine.  With  aqueous  ^^pockloraua  acid,  it  yieldi 
bromate  and  chloride  of  potassium,  bromine  and  chlorine  being  set  free.  "When  ftised 
with  chlorate  of  potaasiufn,  it  is  converted  into  bromate.  According  to  Hemp  el 
(Ann.  Ch.  Pharm.  cvii.  160),  it  is  not  decomposed  in  neutral  solution  by  iMrsMifi^aiiaif 
of  potassium^  even  at  the  boiling  heat ;  but  on  addition  of  sulphuric  aci  J,  bromine  is  set 
free  even  in  the  cold,  and  after  boiling  for  a  few  minutes  the  decomposition  is  complete, 
the  liquid  no  longer  containing  any  bromine. 

VOTABaxUM,  CABBZBB  OT  t    Charcoal  which  has  b^en  heated  to  redness  ia 

contact  with  potassium,  effervesces  afterwards  in  contact  with  water:  hence  the  charcoal 
appears  to  have  taken  up  a  portion  of  the  potassium,  as  the  metal,  if  heated  alone, 
would  volatilise  entirely.     (Davy.) 

VOTASazUlK,  CABBOXSDB  07.  KCO.— Potassium  unites  directly  with 
carbonic  oxide,  as  first  observed  by  Liebig  (Ann.Ch.  Pharm.  xL  182)l  Acooraing  ta 
Brodie  (Chem.  Soc.  Qu.  J.  xii.  269),  pure  potassium  heated  to  about  80^  in  carbonia 
oxide  free  from  air,  is  at  first  slowly  converted  into  an  arborescent  group  of  dull  grej 
crystals ;  but  if  the  passage  of  the  gas  be  further  continued,  a  more  rapid  abeoq^ion 
takes  place,  even  at  a  lower  temperature,  and  the  grey  crystals  are  converted  into  a  dadi 
red  compound  K'CO*.  The  grey  substance,  which  cannot  be  obtained  pure,  appean 
to  consist  of  KKIO.  The  dark  red  compound  may  be  preserved  under  mineral  naphtha, 
but  is  decomposed  with  extreme  violence  by  water,  and  even  in  the  dry  state,  sometimes 
explodes  from  causes  which  have  not  been  made  out  On  carefully  adding  it  to  anhy- 
drous alcohol,  great  heat  is  evolved,  part  of  the  substance,  containing  {ths  of  the  entire 
quantity  of  potassium,  dissolves,  without  evolution  of  gas,  and  the  rest  separates  aa 
rhodizonate  of  potassium,  probably  thus : 


6K^C«0«       - 

2K*0 

+      K«C"0«. 

Carhoxide  of 

Rhodiconate  of 

Pouasium. 

PoU»»iuin. 

Hence  the  carboxide  may  be  regarded  as  a  compound  of  protoxide  and  ihodisoaate,  or 
as  a  basic  riiodizonate  of  potassium  (see  Rhodizomic  Acid). 

The  black  explosive  substance  formed  in  the  preparation  of  potassium,  by  heating 
carbonate  of  potassium  with  charcoal,  appears  to  consist  of  one  or  both  of  the  com- 
pounds just  aescribed.  According  to  Kiihnemann  (Jahresb.  1864,  p.  180^  when 
potassium  is  intensely  heated  in  carbonic  oxide  ^s,  there  are  formed :  first,  a  grey 
mixture  of  oxide  of  potassium  and  free  carbon,  which  separates  as  the  apparatus  eoola 
from  a  white  to  a  red  heat ;  and  secondly  a  black  red  body,  which  separatea  at  a  tem- 
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pcnturs  below  dull  redneat,  both  compomid*  b«itig  ibrmed  vitboiii  ftec««i  of  wal4*r  or 
Buast  air.     When  the  YApours  irkich  Mcape  from  llie  ri'CfilTer  ia  the  prepaxatioD  of 

g ^ium  Are  pdased,  flnt  into  a  bottle  pirUj  filled  with  naphtbftt  and  taence  into  an 

maptj  bottlo,  the  grey  subataAoe  ooUecto  chjefij  ia  the  tint  bottle,  the  red  in  the 
•erond,  part  of  it  howerer  aacaping  uncondeosed,  and  impartiog  a  r&l  colour  to  water 
jjito  which  it  in  pamed.    The  red  attbBtaoM  diaiK>lT««  m  water  without  ovolatioa  of 

a,  formiiig  a  soIotioD  which  ezhlbita  all  the  reactiotis  of  rhodiJEonate  of  potafiaium. 

be  explosion  of  the  grey  lubatance  i«  nttri bated  by  Kuhncmano  either  tx>  the 
h4*ating  of  the  maaa  by  absorption  of  water,  or  to  the  formation  of  peroxide  of  potaiaiiim 
(frotn  the  protoxide  present)  and  ita  action  on  the  £r««  carbon. 

FOTASfizinff,  cwatomn>m  or,     KCI.     Bi^Um  Salt    Sal  dtffettimim, 

Syhii.  Sal  fibrtftigum  5y/t'i(,— PotJiAiiioin  L»ike«  flic  in  chlorioe  gaa  at  ordinanr 
ternperatnrf^  burning  with  a  rvH]  (lame  and  prod udng  cblorid/' of  potaaainni.  Thta 
salt  tfl  also  formed  by  pa^sin^  chlorine  over  red-hot  hytlmte  or  iodid'*  of  potaJFatam  \  by 
ge&Uy  heataog  poCawrium  in  hydrocliloric  acid  ga« ;  by  distolring  hydiate  or  curlK>nHtti 
of  potSMltim  in  aqneoiia  hydrochloric  acid  ;  and  by  the  action  of  ftotaMiiini  on  fu8«d 
chloride  of  migneaiiim  and  other  metallic  chlorides.  It  occurs  natiTe*  eometimes  pure 
b'jt  more  abundantly  mixed  or  combiued  with  otiier  chlorides.  Pare  chlorioA  of 
potaaaium,  or  9^1  mne^  is  found  in  cubic  cryslala  about  tho  fumaroles  of  VesuviuSj  also  In 
Ihio  Uyen  in  the  salt-beds  of  Staesfiirf h  near  Magdobuiig.  In  the  same  loc&lity  there 
oocan  aboTc  the  rock-aall^  a  deposit  of  chloride  of  potas^tum  and  magneaiutPi  or  car* 
naUite,  KCLMgX)*.6HH),  forming  a  layer  betwoen  60  and  7U  feet  thick,  intersperaed 
with  Uy<'r8  of  rock-salt  and  kieserite,  Mg*'SO*.H'0.  Tliis  deposit  is  worked  lor  tb» 
eiirai'tioa  of  the  potassium -chloride.  On  dissohing  the  camallite  in  warm  water^ 
and  leaving  the  solution  to  cool,  the  greater  part  of  the  chloride  of  potassium  separoteii 
out,  while  the  whole  of  the  chloride  of  magnesium  remnins  in  solution.  The  method 
of  recoTering  the  remainder  of  the  potassium-chloride  from  the  muthf^r  liqaor,  wiU  be 
deeeribed  hereafter  (p.  11%),  Chloride  of  potassium  occurs  also  with  the  chlorides  of 
•odtnm,  magnesium,  calcium,  and  other  salta,  in  sea- water  and  brine-springs,  and  is 
obtained  as  a  bye-^rodnct  in  the  preparation  of  chlijrJte  of  potasaium,  the  ptiriflcattou 
of  iftltpetre,  and  in  severAl  other  manufacturing  oi^^ratiooa  (see  PoTaasiUM>suu.T9, 
HAKtracTvaK  of,  p.  716). 

Chloride  of  potuiteiiim  oryvtalli^s  in  cubes  often  prismattcaBy  elongated;  rarely 
(from  solution  containing  free  potash  1i  in  octahedrons.  Specific  grarity  *  1*836 
(Kirwan).  1-9153  (Karsten).  1*945  (Kopp),  1  09S  (Schroder),  1  9M  (Schiff). 
It  tastes  like  oommon  salt ;  ia  not  acted  on  by  the  air;  dt^crepitatee  when  heated;  melta 
at  a  low  red  heat ',  Tolatiltaee  unchanged  at  a  higher  tt'mf  «envturv.  It  is  somewhat 
more  Totatile  thao  chloride  of  sodium  -p  in  a  corereS  crucible  it  may  be  kept  in  a  state 
of  fuaion  without  loss ;  bat  iu  open  resaels  it  TolatiUaca  gradually  in  the  constantly 
rent'wed  current  of  air,     (H.  Kose.) 

Chloride  of  potassium  is  more  soluble  in  watrt  than  common  salt,  and  produces  a 
much  greater  degree  of  cold  in  dissolTing  than  the  latti  r,  but  less  than  sal-ammoniac. 
One  part  dissolve*  at  1 7 '5**  in  3 '008  p^irts  of  water,  formiog  a  solution  of  specific 
gravity  M635  (Karsten):  it  dissolves  at  H  8Mn  2  89  parts,  at  13*8° in  2-87  parts, 
and  at  Id  6^,  in  l'%h  parts  of  water  (Kopp) ;  100  parts  of  water  al  0°  diasolve  JSO'SS 
parts  of  chloride  of  potassium,  and  for  etery  degree  abore,  0*2738  parts  (Oay- 
Lussac). 

Holutiona  containing  various  percentages  of  chloride  of  potassium  hare  the  following 
apiMrifio  graritiea  :  According  to  tSchiff  (Ana  Ch.  Pbarm.  crii.  293;  Jahrreb.  1869 
p.S9): 

IVft*eDtaee  2'IB       5'/»0  8  25  It  00  IflfiO  2i7^ 

Spedflc  grarity  at  1 5«     1017      10380        l<»o29       10730         11115         11729 

According  toQerlaoh  (Jahresb.  1859,  p.  43): 


Percentage 

5 

10 

16 

20 

249 

Specific  gravity  at  15** 

r0325 

1*0661 

1  1004 

M361 

M733 

Respecting  the  expansion  by  heat  of,  solutions  of  potassium  n^hloride  of  various 
strengths, see  Kremers  (Pogg.  Ann.  Ch.  Pharm,  394;  Jahresb.  1857t  p.  88);  respecting 
the  teosum  of  aqueous  vapours  given  off  from  ita  solutions,  see  WiiUner  (Pogg.  Ann. 
dii.  fi29 ;  JahresK  1869,  p.  44). 

Cblnride  of  potaswura  is  but  slightly  soluble  in  strong  tdcokol,  Aceofding  to 
Schiff  (Ann.  Ch.  Ph&rm.  cxviii.  362;  Jahresb.  1861,  p.  87),  100  pts.  of  spirit  of 
vurious  strengths  are  capable  of  dissolving  at  15'^,  the  following  quantities  of  pota«eium* 
chloride : 
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Quantil^rfabsolnte  alcohol}        o        10        20        80        40        60        60       80 

in  100  pt8.  ot  spint. 


Qnantity  of  KCl  in  100  pts. 
of  saturated  solution. 


24-6     19-8     14-7      107       77       6-0       2*8      0-46 


100  pts.  of  wood-spirit  containing  40  per  cent  methylic  alcohol  are  capable  of  diasoly- 
ing,  at  the  same  tempNerature,  9*2  pts.  of  potassium-chloride. 

Chloride  of  potassium  is  decomposed  by  sxdphuric,  nitric  or  tartaric  acid,  with 
separation  of  hydrochloric  acid  and  formation  of  sulphate,  &c  of  potassium.  According 
toBaumhauer(Jahre8b.  1859,  p.  128),  1  at.  chloride  of  potassium  in  aqueous  solution 
is  completely  converted  into  nitrate  by  2  at.  nitric  acid. 

Chloride  of  potassium  absorbs  the  Tapour  of  sidphuric  anhydride,  forming  a  haid 

translucent  mass  consisting  of  KCl.SO' or  ^  K    (CI  (^^^^^^^^  ^  Willismson's 

chlorhydrosulphuric  add     n^     [  rn  )>  which  is  instantly  decomposed  by  water.     With 

tittomic  anhydride  it  forms  a  similar  compound  KCl.CrO',  which  is  also  decomposed  by 
water;  it  is  obtained  in  needles  when  a  solution  of  acid  potastfium-chromate  in  hydro- 
chloric  acid  is  allowed  to  crystallise. 

Chloride  of  potassium  unites  with  most  other  metallic  chlorides,  forming  cxystallia- 
able  double  salts ;  these  are  described  with  the  chlorides  of  the  several  metalfl. 
Chloride  of 'poiansium  and  magnesium  occurs,  as  already  observed,  in  the  salt  deposit  of 
Stassfurth  (see  also  Potassium-salts,  Makufacture  of,  p.  717). — Krcmersite,  a  min- 
eral occurring  in  red  octahedrons  about  the  fumaroles  of  Vesuvius,  consists  of  chloride 
of  potassium  mixed  or  combined  with  the  chlorides  of  sodium,  ammonium  and  iron. 

Hemichloride  or  Subchloride  of  Potassium^  K*CL — ^Produced  by  melting 
the  ordinary  chloride  with  potassium  in  a  stream  of  hydrogen.  It  is  a  dark  blue  com- 
pound, which  is  decomposed  by  water,  with  evolution  of  hydrogen  and  formation  of 
potassic  chloride  and  hydrate : 

K«a     +     H«0      =      KCl     +     KHO     +     H 

(H.  Bose,  Pogg.  Ann.  czx.  1).  A  blue  compound,  probably  identical  with  the  above, 
is  formed  when  potassium  is  heated  with  chloride  of  phenyl 

VOTABSZVIIK,  CT AirZBB  OT.    See  Cyahides  (ii.  268). 

VOT/LSSZUBI,  DBTBCTZOV  AVB  BSTZJOATZOV  07.  1.  Beactions 
in  the  dry  way. — Potassium-compounds  impart,  a  violet  colour  to  the  outer  blow- 
pipe flame.  Alcoholic  solutions  of  potassium-salts  bum  with  a  violet  flame.  The  colour 
IS  not  perceptible  to  the  naked  eye  in  presence  of  sodium  (or  lithium^ ;  but  if  a  thick 
plate  of  dark  blue  glass  be  interposed  between  the  eye  and  the  flame,  the  yellow  sodium 
flame  is  completely  cut  off",  and  the  potassium-flame  then  becomes  distinctly  visible,  of 
a  rich  reddisn-violet  colour.  In  this  manner  a  very  small  quantity  of  potassium  may 
be  detected  in  presence  of  a  large  amount  of  sodium.  In  the  spectroscope,  potassium- 
salts  exhibit  a  spectrum  very  much  like  the  ordinary  solar  spectrum,  but  characterised 
by  a  bright  line  near  the  red,  and  a  fainter  line  near  the  violet  extremity. 

The  normal  sulphate,  carbonate,  phosphate,  arsenate  and  borate  of  potassium,  are 
not  decomposed  by  heat  The  chloride,  bromide,  iodide  and  hydrate  volatilise  without 
decomposition  at  very  high  temperatures.  Most  other  potuasium-salts  are  decomposed 
by  heat 

2.  Reactions  in  8olution.^Al\  potassium-salts  are  soluble  in  water,  and  most 
of  them  easily  soluble.  The  normal  potassium-salts  of  strong  acids,  e.g.  KCl,  KNO", 
K*SO*,  C'K*0*,  &c.,  are  neutral  to  test-paper,  and  the  corresponding  acid  salts,  e.g. 
KHSO*,  CHKO*,  &c.,  have  an  acid  reaction;  but  in  the  case  of  the  weaker  adds,  the 
alkaline  reaction  of  the  potash  predominates  in  the  normal,  and  even  in  the  acid  salts ; 
thus  the  normail  and  acid  carbonates,  K'CO'  and  KCIIO',  have  an  alkaline  reaction  ;  so 
likewise  have  all  the  borates,  excepting  tlie  pentaborate,  KH*B*0", which  is  neutral 
(i.  645). 

Solutions  of  potassium-salts,  if  not  too  dilute,  form  with^aiinic  ch/oride  a  yellow 
crystalline  precipitate  of  chloroplatinate  of  potassium,  K*FtCl*,  slightly  soluble  in 
water,  insoluble  m  alcohol  and  in  acids.  If  very  little  potassium  be  present,  the  solu- 
tion must  bo  saturated  with  hydrochloric  acid,  platinic  chloride  added,  the  whole 
evaporated  to  dryness,  and  the  residue  treated  with  alcohol,  which  leaves  the  chloropla- 
tinate undissolved. 

Concentrated  potassium- solutions  form  with  tartaric  acid  (or  better,  with  acid 
tartrate  of  sodiicm)  a  white  crystalUne  precipitate  of  acid  tartrate  of  potassium,  soluble 
ia  about  180  pts.  of  cold  water,  readily  soluble  in  acids  or  in  alkaline  solutions,  insoluble 
in  aloohoL    in  dilute  aqueous  solutions,  the  formation  of  the  precipitate  is  greatly 
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f«dlit«t«d  by  addition  of  alcohol*  alio  hy  agitating  th»  aolatioo  or  ECmtcliing  the  aidea 
of  thp  t««t-tube  with  a  gUia  tod. 

Hydrqftwui/mc  acid  fonos  in  aolntiona  of  potaatiam-talLi,  a  white,  geLitmotii  pre> 
ei  filiate  of  poUaatc  ailioofloonde,^ — Perchloric  acid  forma  a  precipitaia  of  pardilorate, 
isaoliibla  in  akohoL  When  a  coDcei]trHt4»d  aolutioo  of  aImnimum-*vlphaU  is  added 
to  a  oODfiatitnted  loliition  of  a  potaaaiom-flalt,  octahedral  ciyatalaof  alum  are  depoeited 
CKi  eTaporaiing  the  solutioD. 

in  mixed  soiucions,  potjuuium  rnuat  be  looki^  for  In  the  liquid  which  remaitis  altar 
the  mooval  of  all  th«  metala  which  are  precipitaUe  by  iulphydric  acid,  snlphido  of 
ammoaiam,  and  carbonate  of  ammoniutn,  and  of  ma|;neaiam  by  baryta- water.  It  may 
ihea  be  detected  bj  ita  reactioDa  with  platiDtc  chlonde  aod  tartaric  acid»  also  by  era- 
pofftting  the  aolatioo  to  diyoeia,  and  examining  the  colour  and  Bpectnun  of  the  flame 
SB  abore  doaenU'd. 

X  Estimation  and  ^^i^ara^tofv.— Potaasium,  when  it  oocum  in  a  compound  not 
containing  any  other  metal  or  any  fixed  acid,  may  be  eetimatiKi  directly  either  aa 
imlohate  or  aa  chloride.  All  potaaaium-sdlta  oDntataing  volatile  acida  lu^e  decompoaed 
by  heating  them  with  aulphuric  acid,  the  exccaa  of  which  may  afterwards  bo  expelled 
Ity  a  atroneer  heatt  and  tne  qujuitiry  of  potaatinm  or  potaah  calculated  from  the  weight 
of  the  reeiduai  neutral  Bulpluile,  It  \a  aiffieuJt,  however,  to  expel  the  laat  tniceii  of  free 
aulphuria  acid  by  mere  ignilioQ  ;  but  they  may  be  completely  driv«n  off  by  dropping  a 
luinp  of  carbonate  of  ammonia  into  the  crucible,  and  repeating  thf^  ignition  with  tha 
cov^t-p  on  ;  thn  sulphuric  acid  tht<ti  diffuft^fi  into  the  atnioaphere  of  ammonid  in  the 
Cru4^ible,  and  a  perfectly  neutral  iitilphate  remains,  containing  41 'S2  per  cent  potaa-- 
aiura,  or  64-06  per  cent,  of  potuasic  oxide,  K'O. 

In  eetimating  potaaaium  aa  chloride,  the  only  prpcantion  to  be  obeerred,  is  to  ignite 
the  chloride  in  a  covered  crucible,  aa,  when  strongly  heated  in  contaet  with  the  air,  a 
pirtion  of  it  Toktilkea.    The  chloride  containa  62'4  per  cent,  potasbinm,  equivalent  to 

The  Hrparation  of  potassium  from  all  metaUt,  excepting  the  other  alkali-meljda,  is 
pfllv'cted  by  the  reagents  atiove  mentioned.  From  sodium  and  lithium  it  is  s«>para- 
14*4  by  eMoride  of  platinum^  adding  alcohol  to  compk'to  the  predpitittion  of  the  ehloro- 
platimite  of  p3ta««ium.  The  precipitate  is  th«'n  collected  on  a  weighed  filter,  washed 
with  alcohol  and  dried  at  100®.  It  contains  16  01  per  cent  potdssiuro,  equivalent  to 
19  31  K«0. 

Precipitation  with  chloride  of  platinum  serves  also  to  aepnrati^  potassium  from  all 
other  metaU  which  do  not  form  insoluble  chloridea,  and  Ihimall  oon-metallic  elements. 

From  cassiuni  and  rubidium,  potJissium  may  be  sepanited  by  the  greater  solubi- 
lity of  ita  clilomplatimite  in  water  (i.  It  1 4 ),  or  according  to  Kedtenbaeher  (UtilL 
Boe.  Chim.  1866,  iL  201),  by  the  difT^^rt^nce  of  solubility  of  the  alums  of  the  thrte 
metals,  100  pUk  water  at  l?"^  dissolving  13*d  pts.  of  potassium-alum,  but  only  2*27 
pis.  of  rabid iuni -alum  and  0  619  pr«.  of  ctesium-alum. 

Thi<  ami^unt  of  hydmie  or  of  cart>onatc  of  potaaaium  in  a  solution  not  containing  any 
other  alk&lit  or  in  conimerci*iI  jxjt ashes,  may  be  cstiniat^  by  alkalimetry  ^i.  117*  263), 
and  the  same  methtx!  mny  be  applietl  to  the  commercirtl  valuation  of  orgAnic  potassium- 
aalta,  tartars  for  example,  afler  thtry  have  bc^c^n  converti-^i  into  carbonate  by  ignition. 

For  the  estimation  of  [totasstium  in  silicate*,,  see  SiocAxas. 

4*  Atomic  Weight  of  Potaeattirtt. — The  method  of  detennining  the  atomie 
weight  of  tliis  element,  in  counection  with  those  of  chlorine  and  silrsr,  baa  been 
already  described  under  Citlouinx  ^i.  906).  The  experiments  of  Jiarignac  give  K  » 
39  12;  thus*  of  Sra*give  K  =  3914. 

FOTASSmitt,  FXiirORZ1>S  OF.  KF. — Produced  by  dissolving  potassium  or 
the  hydrate  or  cartM:>nate  in  hydixtfluorit''  acid,  evaponiting,  and  lieuting  strongly  to 
expel  the  eicnse  of  acid.  It  i>!  doU^uf'scent,  v«ry  soluble  in  water,  and  ciyfrtallisf^from 
an  aqueous  solution  eVA|>oriited  under  40°,  in  colourless  cuben  oHen  lengthened  into 
prisma,  or  exhibiting  square,  pyrumidally  excavated  faces.  S|MHnlle  gravity  ^  2'4o4 
(Bodeker).  It  melts  Inflow  a  red  h^^it,  ha.^  li  f«hiirp,  ^uline  i«»tttf  mid  jilbiline  rcaO' 
lion,  and  is  decompoiii^d  by  htroiig  ftulphurie  iieid,  wtu  at  ordirmry  t»'m|XTatun*s.  It 
JR  iiiaotuble  in  alcohol,  and  is  pn*cipitnti*d  ibcrt'by  from  the  aqueous  bofutiou  in  long, 
threatl-like,  nidiatiiig  crystals  coulainin^  KF.2n'0.     (H.  Rose,  Fogg.  A&n.  Iv.  dot.) 

Fluoride  of  pf»t«iv8ium  forms  d*^finite  cry»tallisablc^  compounds  with  many  other 
fluorideSw  The  fiuoride  of  bftron  and  potas^iuijt,  KBF*.  has  bt^n  already  described 
(i.  634).     Si/icti-J{uoridi  of  pota^ium  will  Im?  de«crilHfHl  under  SrLinuM. 

Ffnortdc  of  Pifttimwm  ami  Ilt/driHftn,  KHP  or  KFJIF,  i**  obiHinecl  by  IwWng  a 
sobilion  of  p»ta«»iuni  flnond**  titnuining!  execiw  of  hydrufliioric  acid  !o  evaiKirnt**  in  a 
ptittionm  difth,  in  reetnngular  foiir-uided  tables  with  truncated  lalfrai  rdg**i«.  or  bj 
very   slow  ersporatign   in  a  deeper  vesael^  in  cubes  (Berxeliu^).     According  to 
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Marignac  (Phil  Mag.  [4]  xv.  1^7),  it  forms  quadratic  tables.  W.  Gibbs  (Boll. 
8oc.  Chim.  1865,  ii.  359)  recommends  this  salt  as  a  cooTenient  reagent  for  decomposiiig 
refractory  silicates  and  other  minerals ;  beryl,  colnmbite,  chrome-iron,  and  cafiaterite, 
are  «>a8ily  dismtegrated  and  decomposed  by  fusion  with  it. 

The  compounds  of  potaBsium-fluoride  with  the  fluorides  of  other  metals  are  described 
.under  the  several  metals. 

90TABBTUKL,  BTBRATB  OT.  KHO  or  E'O.H^G.  Potash.  Camtic  Potash. 
Potassa.  VcaetabU  Alkali,  Pftanzenlau^ensalz. — This  compound  ma^  be  produced  bj 
dissolving  anhydrous  protoxide  of  potassium,  K'O,  or  the  peroxide,  E!H)\in  water,  the 
excess  of  oxygen  being  given  off  in  the  latter  case.  This  indeed  appears  to  be  the  only 
means  of  obtaining  the  hydrate  absolutely  pure.  But  it  is  generally  prepared  for  use  by 
decomposing  carbonate  of  potassium  in  diluto  solution  with  slaked  lime.  In  an  iron  Tea- 
sel provided  with  a  closely-fitting  cover,  1  pt.  of  carbonate  of  potassium  is  heated  witli 
12  pts.  of  water  till  it  boils;  and  slaked  lime — prepared  by  mixing  2  pts.  of  quicklime 
with  9  pts.  of  warm  water,  and  keeping  it  in  a  covered  pan  till  it  is  reduced  to  a  soft 
powder — is  then  added  by  degrees.  After  each  addition  of  lime,  the  mixture  is  bailed 
for  a  few  minutes  in  order  that  the  carbonate  of  calcium  may  become  dense,  and  ttSX 
readily  to  the  bottom.  When  all  the  lime  has  been  added,  the  whole  is  boiled  fur  a 
quarter  of  an  hour,  with  the  cover  on,  and  left  for  the  lime,  &;c.  to  settle  dowxL  The 
caustic  solution  —which  should  no  longer  effervesce  when  poured  into  hydrochloric  add, 
or  ^ve  any,  or  very  little  cloudiness  with  lime  water  (if  otherwise,  longer  boiling,  and 
perhaps,  also,  an  addition  of  milk  of  lirae,  is  requisite)— is  then  drawn  off  into  BtoppcEred 
t>ottle8  by  a  siphon  first  filled  with  water.  The  residue  is  once  or  twice  boiled  for  half 
an  hour  with  a  small  quantity  of  water,  and  the  remaining  portion  of  potash  separated 
by  subsidence  and  decantation.  The  rest  of  the  lime  is  aeposited  in  the  stoppered 
bottles.  The  decanted  solution  is  first  rapidly  concentrated  in  covered  iron  pots ;  and 
if  it  becomes  turbid,  set  aside  in  stoppered  vessels,  and  then  decanted ;  and  lastly, 
rapidly  boiled  down  in  a  silver  basin,  till  the  oily  hydrate  which  remains  begins  to 
evaporate  as  a  whole  in  white  clouds. 

To  ensure  the  complete  separation  of  the  carbonic  acid  from  the  potash,  it  is 
necessary  to  use  a  considerable  quantity  of  water.  When  only  4  pts.  of  water  are  used 
to  1  pt.  carbonate  of  potassium,  no  decomposition  takes  place;  and  a  concentrated  solu- 
tion of  caustic  potash  withdraws  the  acid  from  carbonate  of  calcium  (Lie big).  The 
lime  may  also  be  mixed  with  the  solution  of  potassic  carbonate  at  ominary  tempera- 
tures, and  the  liquid  set  aside  in  stoppered  vessels ;  but  then  the  decomposition  pro- 
ceeds more  slowly,  and  frequent  shaking  is  required;  the  carbonate  of  csudum  is  also 
less  dense  than  when  the  liquid  is  boiled,  and  consequently  the  decantation  is  more 
difiScult.  Moreover  carbonate  of  potassium  almost  always  contains  silica,  which  is  not 
precipitated  at  ordinary  temperatures,  but  completely  by  suffident  boiling ;  for  it  then 
forms  an  insoluble  compound  with  the  excess  of  lime  and  the  potash.  Any  alumina 
that  may  be  present  is  separated  in  the  same  way.  As  the  alkaline  solution  abeoibs 
carbonic  add  from  the  atmosphere  very  greedily,  the  air  must  be  kept  from  it  as  much 
as  possible.  A  portion  of  carbonic  add  is  always  reabsorbed  durine  evaporation,  unless 
this  process  is  performed  in  a  silver  vessel  fitted  with  a  head.  When  the  caustic  solu- 
tion is  evaporated  down  to  an  oily  consistence,  the  greater  part  of  the  carbonate 
separates  in  solid  particles,  which  fioat  on  the  surface,  and  can  then  be  taken  off  by 
means  of  a  spatula.  If  crude  potash  or  pearl-ash  is  used  instead  of  pure  carbonate  of 
potassium,  the  hydrate  of  potassium  produced  contains  the  chloride  and  sulphata 
present  in  the  original  substance.  Hence,  to  obtain  pure  hydrate  of  potassium,  it  is  best 
to  us«  the  pure  neutral  carbonate  obtained  bv  igniting  cream  of  tartar,  or  the  emtal- 
lised  acid  carbonate,  and  decompose  it  with  lime  obtained  by  igniting  black  marble. 

According  to  Berthollet's  plan,  however,  tolerably  pure  hydrate  of  potassium — the 
Pota^ase  a  Val^ool — may  be  obtained  from  impure  carbonate.  The  caustic  solution, 
obtained  h.<«  above,  is  evaporated  to  the  thickness  of  syrup,  shaken  in  close  vessels  with 
one-third  of  its  volume  of  alcohol,  and  the  mixture  left  to  settle.  Two  strata  are 
thereby  formed,  the  lower  of  which  is  an  aqueous  solution  of  chloride,  carbonate,  and 
sulphate  of  potassium,  together  with  a  portion  of  caustic  potash,  and  rests  on  a  predpi- 
tate  which  may  contain  lime,  oxide  of  iron,  and  sulphate  of  potassium,  while  the  upper 
stratum  is  a  solution  of  caustic  potash  wath  some  chloride  of  potassium  in  alcohol. 
This  is  poured  off,  and  freed  from  the  greater  part  of  the  spirit,  by  distillation  in  a 
silver  vensel  fnrnished  with  a  still-head,  and  boiled  down  in  a  silver  basin  till  the 
hydrate  begins  to  sublime.  The  resinoiLs  matter  produced  by  the  decomposition  of  the 
alcohol,  and  found  floating  on  the  surface,  is  then  removed,  and  the  hydrate  is  poured 
out  on  plates.  It  is  free  from  sulphate  of  potassium,  but  contains  chloride,  and  traces 
of  carbonate  and  acetate. 

Pure  hydrate  of  potassium  may  also  be  prepared:  a.  By  decomposing  the  sulphate 
with  baryta-water,  added  in  just  sofi&cient  quantity,  or  better  in  sliirht  excess^  as  on 
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eT&poriUing  the  d«cfuited  solution,  the  fliaiill  encrsa  of  bftryU  U  predpitatcd  by  tUe 
«TUmic  add  of  the  »ir,     (8  e  h  u  b  «  r  t,  J.  pr.  Chem.  an.  1 17) 

0.  Bj  d«composjiig  pare  nitrata  of  polamiam  with  metallic  cofspcir  at  a  r«d-heat : 
1  pib  of  laltpetro  and  2  or  3  pta.  of  thin  copper  plate  cot  into  small  piecvj,  are  arranged 
in  illafilttt^  thin  lajrerB  in  a  covert  copper  cnieiblt*,  and  expoexHl  for  half  an  hour  to 
A  iDoderat«  red-heat.  The  «ool^  maaa  is  then  tn^tited  with  water,  th«  liquid  l<>ft  to 
stand  in  a  tall  corered  cylindrical  restsel  till  the  oxide  of  copper  has  eompletely  settled 
down,  and  th«  pore  solution  of  Dotash  in  th'Ti  decanted  with  a  siphon.  With  the 
aboTe  proportions  of  saltpetre  Jind  copper^  part  of  the  latter  it  eonirerUd  onl^  into  sub- 
oxide. It  may,  therefore,  be  uaad  for  a  second  preparation  of  potash  by  mixkog  I  pt,  of 
it  with  1  pt.  of  saltp<^<tre  and  1  pt.  of  metallic  copper.  Iron  may  also  he  naed  to  deeom- 
poM  the  saltpetre ;  but  the  potash  thereby  obtained  is  contaminated  with  small  qoan- 
tities  of  ca.rbonic  acid,  stlica»  &c.     (W  d  h  le  r,  Ann.  Ch.  Pharm.  Ixxzrii.  d7$«) 

F.  Sehulze  (Zcitt^cljr.  CIl  Pharm.  1661,  p.  109)  henta  a  mixture  of  1  pt  pure 
milrate  of  potassium  and  1  pt,  pure  ferric  oxide  (prepared  &om  ferrous  oxalate)  to  low 
fsdDsas  in  a  oovervd  copper  crucible  into  which  hydrogen  gas  is  passed  by  a  tube 
rtMhing  neariy  to  the  bottom.  The  nitric  acid  is  (easily  decompGaed,  and  at  the  end 
of  the  expehment  the  potAsh  is  fjund  mixed  with  the  ferric  uxide,  from  which  il 
mav  be  dissolved  out  by  water. 

Hydrate  of  potassium  prepared  by  the  ordinary  method  from  the  carbonate  may 
eontain  thd  following  impurities: — CarbonaU  of  cn/ct mn,  originating  from  imperfect 
decantation. — Oxtd^  of  iron,  when  the  caustic  solution  is  evaporated  in  an  iron  vessel 
to  ouch  an  extent  that  it  begins  to  act  upon  the  iron.  These,  together  with  other  in- 
soluble iubstanccs  accidental^  present,  remain  behind  when  the  potash  is  dissolved  in 
wati-r. — PenrntU  of  potauium.  Formed  in  small  quantity,  towards  the  end  of  the 
evaporation,  when  conducted  in  the  air,  it  is  owing  to  the  presence  of  this  subetance 
that  the  hydrate,  when  dissolred  in  water,  gives  off  oxygen  gas. — CarbonaU  qf  potassium. 
The  solution  effc-nt^ftccs  with  acids. — Sulphatr  of  potassiutH, — Chloride  of  boLnnm,  with 
excess  of  dilute  hydrochloric  acid^  gives  a  precipitate. —  Chloride  of  pciasaium,  A  pr»> 
cipitate  produced  even  when  the  liquid  is  very  dilute,  with  a  solution  of  silver,  nitrie 
acid  being  added  in  excess,— Arl'ra/^  of  potassium.  Gives  the  reactions  of  the  nitrates 
(p.  BSJi — A  /no  ojgidef  of  the  heuvy  metais.  The  solution,  sapersaturvted  with  acetic 
acid,  giv«s  a  prectpitals  with  sulphydrie  acid  or  sulphide  of  ammonium. 

Properties, — H^tlnite  of  potiLseiam^  after  fusion,  is  a  white,  hard,  brittle  sabstance* 
having  a  specific  gravity  of  21  (Dal  ton),  and  often  a  fibnius  texture.  It  melts  below 
rednessi,  forming  an  oijlj  liquid  clear  as  water,  and  volatilises  at  a  full  red  hea»t  in  white 
punffent  vapour*.  It  rapidly  absorbs  moisture  and  carbonic  acid  &omtbe  air;  dissolves 
m  alfout  hfvlf  its  weight  of  water,  evolving  great  heat,  and  is  almost  equally  soluble  in 
alooboL  It  has  a  peculiar  nauseoiis  odour,  and  an  acrid  taste,  and  acts  as  a  powerful 
eautezy,  quickfy  deatroyinc  both  animal  and  vegetable  msitten :  hence  its  solution 
cannot  be  filtered  except  through  ^lass  or  sand,  and  is  always  best  clarified  by  subst* 
deooe  and  deeantation.  The  solution  should  be  kept  in  slass  bottles  iree  from  leiid,  as 
it  gradually  corrodes  lead-glasa,  dissolving  out  the  onds  of  lead.  It  also  attacks 
▼essebof  green  gtass  or  porcelain  when  heated  in  them. 

A  hot  concentrated  soluliun  of  caustic  potash  deposits  on  cooling,  traaspttrsnt, 
oolourtess,  verj'  acute  rhomboht^irons  of  a  hytirate  containing  KH0.2H'0  or  K'0.4H*0. 

The  following  tables  give  approximately  the  proportion  of  potassic  oxide,  K*0, 
oontained  in  100  pts.  by  weight  of  solutions  of  different  densities. 
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The  Liquor  Potassa  of  the  pliarmacopoeia  contains  nearly  5  per  cent  of  the  solid 
hydrate,  KHO,  and  has  a  density  of  1'058.  The  strong  solution,  of  specific  gnmty 
about  1*25,  used  for  absorbing  carbonic  acid  in  organic  analysis,  may  be  prepared  bj 
dissolving  1  pt  of  the  hydrate  in  3  pts.  of  water. 

Reactions, — Hydrate  of  potassium,  when  heated  alone,  does  not  decompose  at  anj 
temperature,  but  when  heated  with  silicic,  boric,  phosphoric,  tungstic,  tartaric,  stannic^ 
or  any  non-Tolatile  acid  oxide,  it  gives  off  water  and  is  converted  into  a  potassiiim- 
salt  of  the  acid.  Heated  with  potassium,  it  gives  ofif  hydrogen  and  is  converted  into 
the  anhydrous  oxide:  KHO  +  K  «  K*0  +  H.  When  moderately  heated  with 
sodium  Tinder  a  liquid  not  containing  oxygen,  it  yields  an  alloy  of  potassium  and 
sodium  (p.  696).  In  contact  with  iron  at  a  white  heat^  it  is  completely  decomposed, 
giving  off  hydrogen  and  potassium  and  forming  oxide  of  iron. 

Potash  possesses  in  an  eminent  degree  the  characteristic  properties  of  an  alkali  (L  1 17)f 
viz.,  solubility  in  water;  the  power  of  neutralising  acids  and  decomposing  metallic 
salts;  a  caustic  or  corrosive  action  on  organic  substances;  and  a  oeculiar  action  on 
vegetable  colours,  turning  reddened  litmus  blue,  turmeric  brown,  and  symp  of  violets 
or  infWon  of  red  cabbage,  green.  Aqueous  potash  decomposes  most  metallic  salts, 
precipitating  from  their  solutions  all  those  metals  which  form  insoluble  oxides  or 
hydrates.  The  precipitates  formed  by  it  in  solutions  of  aluminium,  glucinum,  chro- 
mium, zinc  and  lead,  are  soluble  in  excess  of  the  alkali ;  the  rest  are  insoluble.  [For 
the  special  reactions,  see  the  several  metals.] 

At  high  temperatures,  it  acts  with  great  eneigy  on  nearly  all  substances,  taking 
up  any  acid  that  may  exist  ready  formed  in  the  substance,  and  giving  rise,  by  oxidation, 
or  by  a  splitting  up  of  the  original  compound,  to  the  formation  of  acids  wmch  did  not 
previously  exist.  Thus  it  decomposes  many  silicates,  forming  silicate  of  potassium  and 
separating  the  bases :  hence  it  destroys  glass  or  porcelain  yessels  in  which  it  is  fused. 
Many  metals  are  oxidised  by  fusion  with  it,  and  oxides  are  raised  to  a  higher  state  of 
oxidation ;  in  this  manner  antimony  and  arsenic,  and  even  iron  and  platinum  (p.  665 X 
are  converted  into  acid  oxides  which  unite  with  the  potash ;  and  chromic  oxidei,  the 
oxides  of  manganese,  &c.,  are  converted  into  chromate  and  manganate,  &c.,  of 
potassium. 

Organic  compounds  (carbon-compounds)  either  unite  directly  with  potash  or  are 
decomposed  by  it,  in  some  cases  by  contact  with  its  aqueous  or  alcohoUo  solution  at 
ordinary  or  at  higher  temperatures,  in  others  by  fusion  with  the  hydrate.  The  modes 
of  action  of  potash  (and  of  fixed  alkalis  in  general)  on  organic  compounds  may  be 
classified  as  follows : — 1.  Direct  combination. — 2.  Double  decomposition. — 3.  Oxida- 
tion with  elimination  of  hydrogen. — 4.  Conversion  of  the  oigamc  compound  into  an 
isomer. 

1.  The  instances  of  direct  combination  of  potash  with  organic  bodies  are  but  few.  Car* 
bonic  oxide  and  carbonic  anhydride  are  absorbed  by  it,  producing  in  thefiist 
case,  furmato  of  potassium,  CHKO*,  and  in  the  second,  the  acia  carbonate,  CHKO*. 
I  satin  dissolves  in  aqueous  potash,  forming  isatate  of  potassium,  CH*NO*  -i-  KHO 
«  C"H«KNO" ;  similarly  with  chlor-  and  brom-isatm.  Benzil,  C"H"0«  and  cou- 
marin,  C^H^O*,  are  converted  by  boiling  vrith  aqueous  potash  into  benzilate  and 
coumarate  of  potassium,  C'*H"KO»  and  CH'KO*  respectively;  and  camphor,  C»«H»H), 
strongly  heated  with  potash-lime  in  a  sealed  tube,  is  converted  into  campholate  of 
potassium,  C""H"KO*.  The  acids  corresponding  to  these  potassium-salts  consist  of 
the  original  compound  +  H*0. 

2.  Double  Decomposition.— Ore Axiic  acids  (and  indeed  all  acids)  are  converted  by 
aqueous  potash  into  potassium-salts  with  elimination  of  water:  c.^.,  C*H*0*  -»-  KHO 
«=  CTl'KO*  +  H'O.  Some  alcohols  (as  phenol)  yield  similar  compounds  with  aqueous 
potash  ;  solid  potash  acts  also  on  other  alcohols  and  on  aldehydes,  but  in  a  different 
manner. 

Some  acids  when  fused  with  potash  at  about  200°  are  resolved  into  two  others, 
thus: 

CmK>*  +   2KH0     «       C'H'KO*  +   C«HKO«  +   2H»0. 

+   3H«0. 

Compound  ethers  are  converted  by  alcoholic  potash  into  alcohols  and  potassium- 
salts  of  the  corresponding  acids,  and  elyceridos  boiled  with  aqueous  potash  aro 
resolved  into  glycerin  and  potassium -salts  of  the  fat  acids,  or  soaps. 

Chlorides,  bromides,  and  iodides  of  alcoholic  and  acid  radicles  are  converted 
by  potash  into  chloride,  bromide  and  iodide  of  potassium  on  the  one  hand,  and  alcohols 
or  potassium-salts  of  the  acids  on  the  other :  e.^. : 


Tartaric 
acid. 

Acetate.                  Acid 
oxalate. 

C«n'«0»   +    3KH0     - 
Mudc 

BCkl. 

2C'H«K0»   +   C«HK0« 
Aceute.                  Acid 
oxalate. 
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ChlorMeor  Kihylle 

Cn^Oa   +   2KH0     -     KCl   +   C'H»KO«   +   H«0. 

Chloride  of  Ilo«i»a«t«  nf 

ThfJ  cbWide*  and  brgmidea  of  diatomic  alcohol- radicles  (etJhylenc,  BinTl«ii«,  &c,) 
AIT  rrMoIved  under  this  iDduence  of  alcoholic  pfjtosh  into  hydrochloric  aotd  and  aide- 
hjdic  chlorides ;  cff. : 

CH^Cl'     -     Ha   +   C'H'CL 

Amides  (nitrides  of  actd-nv^liclos)  are  for  the  mo«t  part  att4M>k«d  by  boiling poU«h, 
giving  oflT  ammonia  and  ylcMmg  poto^inm-aiiltfi  of  the  curretfpoiuimg  acids;  f,g,  : 

CrHK>.H*  N   +  KflO     -     H*N  +  CH*KO>. 

Ikiuatnlde*  B«uio«i«  of 

Alcoholic  cyan  idea  boiled  with  potash  girc  00*  ammonia  and  a«s  conT^rled  into 

nttm-»alt«  of  fntty  aeida ;  f*g, : 

CTl*.CK  +  KHO   +  H'O     =     KH»  +   C«H*KO». 


S.  Oxidntian  »tth  ft>ofution  fif  hydro^m, 
ttleoholiAtidaldehjdei ;  thus: 


C*HH)  + 

KHO 

=■ 

C'H»KO» 

lienio*te  uf 
poUjilum^ 

CUlDlDOl. 

EIIO 

=a 

C'H'^KO* 

CutnkTiJttevr 

Amrlte 

KHO 

^ 

C*H'KO» 

Vali^rnt*  of 
pQUMlum. 

Thk  rpactioR  tnJcM  phice  espcctallj  with 


+  m 


+  m 


+   2H*. 


Common  alcohol  and  aldehyde  are  in  like  manner  converted  into  acetic  add  when 
dropp^nl  upon  poliinh-lim**. 

When  the  esiltn  producid  in  thcjtrt  rca<-'tions  art*  heatrd  to  a  t<*mDeratUKs  higbfr  tlian 
that  at  which  they  nrp  formed,  fMM5on<biry  pmdocts  are  obtained  ;  that  acetate  of  potaa- 
niuni  may  be  resolved  into  cjirbonate  and  marah-ga« :  CH"KO*  +  KHO  =  CK*0*  +  CH' ; 
formato  of  potaaiium  into  oxalnio  and  hydrogi-n  :  2CHKO»  -  C»K»0*  +  H» ;  tJi© 
ojtakte  into  carbonate  and  hydrogen !  C"K»0*  +  2KH0   -   2CK'0*   -^   H«,  &c. 

Componnd  <>th«ra  alio  yield  oiidis«*d  profJu«»t»  whrn  they  are  fitaed  with  poCaBh-timo 
inotf^d  of  bving  lm«tod  with  alfobulic  j^oiush  (Dumas  and  St  as,  Ann.  Ch.  Phys. 
Irxiii.  151).  They  then  give  off  hydrog<  n  and  yiild  two  kinds  of  producta,  the  flmt 
df'rirod  from  the  acid,  the  «ect>nd  from  thi*  alcohol,  aa  if  the  alkali  bad  oxidiaed  the 
acid  and  nlcohol  separately.  In  this  manner,  eth^ lie  oxalate  yields  acetio  add  derived 
from  the  alcohol,  and  carbonic  acid  from  the  oxalic  acid. 

Like  roost  oxidising:  agents,  potiiah  often  splits  up  organic  bodies,  espedaUy  at  veiT 
high  temperaturc'f),  taking  from  th^m  ilw  en.rl>on  tind  oxj^gen  neceosary  to  convert  it 
into  cariioziale.  Highly  o&idis« d  Smli<«,  »<nch  as  Axed  acids,  and  fixed  ncntral  sub- 
stances (•Dgiir,  gum,  starch,  wotw^y  fibre,  Stc)  are  rasily  attacked  by  fused  potash, 
often  yif^lding  carbonate  and  oxalate  of  potiisitium,  and  giving  off  hydrogen  gas.  3ome 
acids  are  resolved  by  this  mode  of  oxidation  into  two  other  acids:  tlius  succinic  acid 
yields  oxalic  and  acetic  acidij : 

C^H'O*   ^   2KnO     -     CH*KO*   +   C»HKO»   +   3H», 

Suctrinlc  Ac«UI«.  Acid 

Mid. 


The  acids  of  the  acrylic  or  oleic  series  faiKd  with  potash  yield  ai»tie  add  and 
another  (atty  add  ;  0,(f,  : 

C"U«0*  +   2KII0     =     CnFKO^  +  C"H'^KO«  +  m 

Olvic  acid  AceUte.  KattnilMfl. 

Azotised  bodies  (in<ligo,  caffpine,  qninin«\  &c.)  subjected  to  Uiis  mode  of  oxida- 
tion with  alkaline  hydrates  giro  off  ammonia  or  other  volatile  alkalis ;  such  as  methyla* 
mine,  aniline,  ehinoline,  &c.  All  nitrogrnouw  organic  bodies  heated  to  low  rednesa 
with  hydrate  tif  potase^ium,  yield  cyanide  of  pot^tia^ium  ;  but  when  heated  to  full  rNlneiia 
with  potash-lim**  (or  jsoda-lime)  they  all,  excepting  nitro-oompouildBf  give  off  tlie 
whole  of  their  nitrogen  in  the  form  of  ammonia.     (See  AxALrsts,  UAOA?nc,  i,  244.) 

Organic  bodies  containing  sulphufi  yield  by  fusion  with  potash,  dthtj  sulphide^ 
sulphite  or  Bulphate  of  potasaium. 
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4.  A  few  organic  bodies  undergo  iaomiHe  or  polymeric  tramformations  by  contact 
with  caustic  potash ;  thus  furfuramide  is  converted  into  furfurine ;  hydiobenzamide 
into  amarine;  bitter  almond  oil,  C'H'O,  into  benzoin,  C'*H'*0*. 

POTASSZVlCf  BTSRZBB  OVf  Potassium  heated  not  quite  to  redness  in 
pure  hydrogen  gas,  absorbs  about  one-fourth  as  much  of  the  gas  as  it  would  have  evolved 
by  contact  with  water,  and  is  converted  into  a  grey  powder.  ?HK',  without  metallic 
lustre  and  infusible  below  a  red  heat  (Gay-Lussac  and  Th^nard).  See  Gmslin's 
Handbook^  iii.  17. 

POTABBIUBIt  ZOBZBB  OV.  KI. — Potassitun  unites  with  solid  iodine  (under 
slight  pressure,  even  at  ordinary  temperatures)  and  takes  fire  spontaneously  in  its 
Tapour,  burning  with  a  violet  flame.  The  iodide  may  be  prepared  by  neutralising 
hydriodic  acid  with  potash  or  potassic  carbonate ;  by  the  action  of  iodine  on  aqiM>oas 
potash  or  sulphide  of  potassium ;  or  by  decomposing  other  metallic  iodides,  those  of 
sine  and  iron  for  example,  with  carbonate  of  potassium. 

a.  When  iodine  is  added  to  a  solution  of  caustic  potash  till  the  liquid  begins  to 
assume  a  brown  tint,  iodide  [and  iodate  of  potassium  are  formed,  according  to  the 
equation : 

3I«  +   6KH0     =     5KI   +   KIO«  +   3H«0. 

On  evaporatinff  the  solution  and  gently  igniting  the  residue,  the  iodate  is  decomposed 
into  iomde  and  oxygen,  and  the  remaining  iodide  fuses.  Care  must  be  taken  not  to 
allow  the  temperature  to  rise  too  high,  as  the  iodide  volatilises  at  a  red  heat 

fi,  A  solution  of  ferrous  iodide  is  prepared  by  digesting  2  pts.  of  iodine  and  1  pt.  of 
iron  in  a  stoppered  vessel  with  10  pts.  of  water  (iii.  390) ;  the  solution  is  decanted  after 
a  while  from  the  excess  of  iron ;  and  a  quantity  of  iodine  is  added  equal  to  a  third  of 
that  which  it  already  contains.  The  solution  is  then  boiled  and  carbonate  pf  potassium 
is  added  by  small  quantities  as  long  as  effervescence  ensues  and  a  precipitate  is  formed. 
The  solution  filtered  from  this  precipitate,  which  consists  of  ferroso-ferric  oxide  and  is 
very  dense,  yields  on  evaporation,  crystals  of  iodide  of  potassium.  The  precipitate 
however  is  found  to  retain  a  portion  of  the  potassium-iodide  with  great  obstinacy,  so 
that  it  cannot  easily  be  removed  by  washing.  To  obviate  this  inconvenience  Diets 
(N.  Jahrb.  Pharm.  xviii.  205)  ignites  the  iron  precipitate  previously  to  washing. 

7.  Liebig  (Ann.  Ch.  Pharm.  cxxi.  222^  recommends,  as  the  best  mode  of  obtaining 
pure  iodide  of  potassium,  the  decomposition  of  iodide  of  calcium  by  sulphate  of 
potassium.  To  prepare  the  calcium-iodide,  an  ounce  of  amorphous  phosphorus  is 
drenched  with  80  oz.  of  hot  water,  and  fine  pulverised  iodine  is  graduaUv  added,  with 
constant  stirring,  as  long  as  it  dissolves  without  colour  (the  quantity  thus  dissolved 
being  13^  os.).  The  colourless  liquid  is  then  decanted  from  the  slight  deposit ;  the 
latter  is  washed ;  the  united  clear  liquids  are  mixed  to  alkaline  reaction,  with  milk  of 
lime  prepared  from  8  os.  of  lime ;  tne  solution  is  strained  off;  and  the  residue,  con- 
sisting of  phosphate,  phosphite,  and  excess  of  hydrate  of  calcium,  is  washed.  The  solu- 
tion cf  calcium-iodide  thus  obtained  is  mixed  with  a  hot  solution  of  9  os.  oystslliBed 
potassium-sulphate  in  about  48  os.  water;  the  liquid,  after  standing  fbr  six  hours,  is 
strained  from  the  separated  sulphate  of  calcium ;  the  residue  is  washed  and  pressed ; 
the  liquid  evaporated  down  to  a  litre  and  mixed  with  carbonate  of  potsssium  to  pre- 
cipitate the  remaining  portion  of  calcium;  and  the  solution,  after  the  gelatinous 
precipitate  has  become  dense,  is  filtered,  washed,  and  evaporated  to  the  ciystallising 
point.  This  process  yields  13^  os.  of  crystallised  potassium-iodide,  and  by  evaporation 
of  the  mother-liquor,  3^  oz.  of  perfectly  pure  pulverulent  iodide.  Acocordinff  to 
W.  Squire  (Jahresb.  1862,  p.  71),  iodide  of  potassium  thus  prepared  often  has  areddish 
colour  [from  presence  of  phosphorus?]  and  is  difficult  to  crystallise;  but  may  be 
rendered  colourless  and  easily  crystallisable  by  previous  fusion.  [For  other  modes  of 
preparation,  see  Gmelin*8  Handbook,  iii.  46.] 

Iodide  of  potassium,  when  pure,  dissolves  in  six  times  its  weight  of  alcohol  (specific 

gravity  0*83),  and  does  not  effervesce  or  turn  brown  on  addition  of  hydrochloric  acid  ; 

effervescence  would  indicate  the  presence  of  carbonat<*,  and  the  production  of  a  brown 

colour,  that  of  iodate  of  potassium,  the  brown  colour  arising  from  separation  of  iodine 

vby  the  mutual  action  of  iodic  and  hydriodic  acids  (iii.  300). 

Iodide  of  potassium  crystallises  in  cubes,  sometimes  elongated ;  rarely  in  octahedrons. 
The  crystals  are  sometimes  transparent,  sometimes  semi-opaque.  Specific  gravity  «■ 
2-9084  (Karsten);  3001  (BouUay);  2850  (Schiff);  3079  (Schroder).  It  is 
not  deliquescent,  has  a  sharp  taste,  and  turns  reddened  litmus-paper  slightly  blue.  It 
melts  below  a  red  heat,  and  when  exposed  to  the  air,  volatilises  undecompoeed  at  a 
moderate  red  beat. 

Iodide  of  potassium  is  very  soluble  in  water,  and  in  dissolving  produces  a  consider- 
able fall  of  temperature,  sometimes  amounting  to  24°.     It  dissolves  in  0*735  pt.  water 
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•t  12'5°  and  in  0709  pt  at  16°  (Baqd);  in  07  pL  at  18^  *nd  m  about  0-45  pt  hI 
120<^(Gax-Loi8ac>.  A  lataratod  aolntion  boila  at  120^  (fi  a  up).  The  folio  viitig 
t*bl«  exhibits  the  expansion  by  beatof  aqii«oiia  flobitioiu  of  potaMium-iodide  of  vahouii 
demei  of  coDonntiation,  aa  d«termiii«d  W  Kremere  (Fogg.  Ann.  erilL  115 ;  Jahmb, 
ISM,  p.  49): 

Ko/iMMff  ofAqueom  lodidt  of  Jhlastium  atdifftreni  temperaiuret  (toL  it  19 '6*  -  1), 


OiuitititT  of  salt  ta  1 00  pU. 

*•' 

Ml 

92-A 

li»-i 

9p«clfle  gtmtUj  il  19-1!^. 

I'tiM 

i*3*a 

15141 

i-<ssa 

0* 
19-6 
40 
60 

80 
lOO 

0-99422 
I -00000 
1-00S43 
101856 
103039 
1-04388 

0-99231 

I'OOOOO 
1*00959 
1  02017 
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ludide  of  poUsnium  difisolves  at  12  5^  id  5  5  pta,  alcohof  of  iipeciiic  gmvitj  0  85, 
at>d  at  13'5^  in  39—40  pta.  of  Absolute  alcohol ;  hot  alcohol  diaaolres  a  much  krger 
ainotuit^  and  dppoBits  it  in  needW  on  cooling. 

CMifrine^  with  the  aid  of  heat,  d<*coaipoaefl  iodide  of  potanittm  into  chloride  of 
|Kit4i8flium  and  io<iine«  From  a  solution  in  2  ptd,  of  w»t«r,  eblonne  ««  thiown  dnira 
iodine  at  flnit ;  but  thit  diaappenn  again  when  more  chlorini*  is  added,  a  oompouDd  of 
trichloride  of  iodine  with  chloride  of  potasaium  being  formed,  which  colonrs  the  liquid 
jellow,  and  jtelda  an  abundant  crop  of  crjstals.     (Fil  boL) 

The  browniBh -yellow  colour  proaueed  hy  chlorine  ie  vinible  in  a  diluted  eolution  to 
the  extent  of  1  pt.  of  iodide  of  potassium  in  3000  pta.  of  water  ;  the  same  reaeliou  is 
i>rodQe<<d  by  sulpburit^  and  nitric  acid,  in  s  solution  of  I  pt  in  60O0  pis.  of  water. 
(See  Iodiuks^  iii.  287.) 

Iodide  of  potaHsium  evaporated  with  niiric  addt  is  entirely  cooTert«d  into  nitrat<' 
(SeruUai).  When  it  is  heated  with  nitrate  of  ammotuuni,  iodine  is  abondantly 
evolved,  with  production  of  a  brown  colour.  It  is  easily  dei<ompos«d  by  nitroui  atiJ^ 
which  sets  the  iodine  free.  On  adding  nitrit<^  of  potassiom  to  a  aolutiun  of  the 
iodide  acidulated  with  hydrochloric  a  ("id  und  mixed  with  starch-pastef  a  dark-blun 
colour  is  prodnced*  inatantly  in  strong  solutions^  after  a  few  eeoonds  in  very  dilute 
solntiona  (D.  S.  Price,  Chem.  8oe.  Qtt.  J,  iv.  156)»— By  fusion  with  chloraU  ofp*>ta»' 
»ium,  the  iodide  is  conrertod  into  iodste  ;  heated  with  nitrate  of  potassium  or  nitrate 
of  bariuni,  it  yields  a  small  quantity  of  iodate  of  pntassiani  or  barium,  together  with 
peroxide  of  barium  in  somewhat  larger  quantity  (0.  Henry,  X  Pharm,  xriii,  345). 
In  the  rapoor  of  tu/phune  anhydride^  it  turns  reddish-brown,  and  produces  sulphate 
of  potassiam,  sulphurous  anhydride  and  iodine  (H.  Rose,  Pogg.  zxxTiii.  121)  : 

2KI  +   2S0*     =     K^O*  +   SO*   +   P. 

When  distilled  with  dilute  sulphuric  acid,  it  yields,  first  hydriodtc  acid,  then,  of 
further  concentration,  iodine  which  disaolves  in  the  hydriodic  acid,  and  sulphurous 
anhydride  which  passes  OTf«r  with  the  water  and  iodine,  and  is  conrerted  into  sulphu- 
ric acid.  Heated  with  perosidf  qffnanganes§  and  sulphuric  acid^  it  gires  iodine  only, 
no  Bulphuroug  acid.  A  mixture  of  ec^nal  parts  of  iodide  of  potassinm,  common  wut^ 
nitre,  and  sulphuric  acid,  yields  chlonde  of  iodine  as  the  principal  product  (Sou hei- 
rs nji  SUam  passed  OTer  iodide  of  potassium  heated  to  redness,  causes  the  evolution 
of  a  large  quantity  of  hydriodic  acia  gas  ;  the  residue  is  alkaline  (Schindler,  Mag, 
Pharm.  xxxi.  33)*  A  mixture  of  iodide  of  potassium  and  aai-ammoniac  yields,  when 
heated,  £ree  iodine,  and  todide  of  ammonium,  whilst  iodide  and  chloride  of  potassium 
remain  behind.  The  mixture  remains  unaltered  in  dry  air,  but  in  moist  sir,  slowly 
absorbs  water  and  becomes  brown  through tlie  deoompoiition  of  the  iodide  ofammoniunu 

A  concentrated  solution  ot  ferrieyaniie  <tf  jaoUumum  separates  iodine  from  iodide  of 
potusiam ;  a  dilute  solution  does  not ;  and  the  iodine  separated  in  the  former  c»se  is  taken 
up  again  on  diluting  the  liquid,  the  reaction  repreeented  bv  the  equation  SK^Fe'^y*  -»- 
2KI  "*  2K*Fe"Cy*  +  P.  taking  place  one  way  or  the  other  according  to  the  strength 
of  the  solutions.     (C,  M  ohr,  Ann.  Ch,  Pharm.  ct.  57 ;  Jahresb,  1868,  p.  99.) 

Iodide  of  potassium  is  much  used  in  medicine ;  it  is  not  poisonous  even  in  doses  of 
si^veral  drachms.  Its  soliitiun  is  also  employed  as  a  Tebicle  for  iodine  itself,  20  gm. 
of  iodine  and  30  grs.  of  the  iodide  being  usually  dissolved  together  in  an  ounce  of 
Wiifpr.     The   solution  thus  obtained,  which  has  a  dark-brown  colour,  is  sometimes 
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supposed  to  contain  a  di-iodide  of  potaisium ;  but  as  the  excess  of  iodine  is  easily 
removed  from  it  hj  sulphide  of  carbon,  this  view  is  not  Teiy  probable. 

Iodide  of  potassium  unites  with  many  other  metallic  iodides,  forminj;^  doable  salts ; 
these  are  described  under  the  respective  metals.  A  compound  of  iodide  and  fenicjra- 
uide  of  potassium,  KI.K*Fe''Cy*,  is  obtained  as  a  golden-yellow  crystalline  powder  by 
the  action  of  iodine  on  a  warm  solution  of  the  ferrocyanide.  (Preuss,  Ann.  Ch 
Pharm.  xxix.  323.) 

POTASSZirai,  WZrsZSa  or.     Tripotassamide,  K*N  (p.  695). 

POTA88XnM«  OZZ]>B8  07.  Potassium  forms  three  oxides,  a  protoxide 
K*0,  a  dioxide  KH)*,  and  a  tetroxide  K'O*.  A  grey  suboxide  is  said  also  to  1>e 
formed  during  the  gradual  oxidation  of  the  metal  in  diy  air,  but  it  is  probably  only  a 
mixture  of  the  protoxide  with  potassium. 

Protoxide  of  Potassium  or  Anhydrous  Potash^  K*0,  is  formed  :  1.  "When  potas« 
Slum  in  thin  slices  is  exposed  at  ordinary  temperatures  to  air  free  from  moisture  and 
carbonic  anhydride. — 2.  By  heating  potassium  with  various  metallic  oxides,  also  with 
carbonic,  boric,  silicic,  sulphuric  anhydride,  &c. — 3.  By  heating  1  at  potassium  with  1  at. 
of  the  hydrate  : — 

2KH0   +  K«     «     2K«0   +  H*. 

Protoxide  of  potassium  is  white,  very  deliquescent  and  caustic ;  combines  energetically 
with  water,  becoming  incandescent  when  moistened  with  it ;  melts  at  a  red  heat  and 
volatilises  at  very  high  temperatures. 

Tetroxide  or  Peroxide  of  Potassium,  K'O*. — This  oxide  is  obtained,  mixed 
however  with  variable  quantities  of  the  protoxide,  when  potassium  is  burnt  in  dry  air 
or  oxygen  gas.  Gay-Lussac  and  Th^nard,  who  examined  the  peroxide  thus  formed,  as- 
signed to  it  the  composition  K*0*,  but  their  determinations  did  not  agree  well  with 
one  another.  To  obtain  a  definite  product,  it  is  necessary  to  expose  perfectly  pure  and 
clean  potassium  to  a  moderate  heat,  first  in  a  current  of  dry  air,  then  in  dry  oxygen 
gas ;  if  the  metal  is  at  once  exposed  to  the  action  of  pure  oxygen,  great  heat  is  eroiTed, 
and  the  peroxide  melts  and  attacks  the  glass  vessel 

Tetroxide  of  potassium  is  a  chrome-yellow  powder  which  cakes  together  at  about  280°. 
It  absorbs  moisture  rapidly  from  the  air,  and  is  decomposed  by  water,  giving  off 
2  at  oxygen,  and  forming  a  solution  of  dioxide  of  potassium,  K'O'.  When  neated  in 
a  silver  t^t  in  an  atmosphere  of  nitrogen,  it  is  reduced  to  protoxide,  oxide  of  silver 
being  also  formed  and  2  at.  oxygen  given  off  as  gas  : — 

K«0^  +  Ag«     =     K«0  ^-  Ag«0  +   0\ 

Wlien  heated  with  sulphur,  it  deflagrates  violently ;  but  when  sulphur-vapour  is 
passed  over  the  tetroxide  gently  heated  in  an  atmospnere  of  nitrogen,  a  portion  of  it 
(in  one  experiment  nearly  the  whole)  is  converted  into  sulphate  of  potassium  KO*S; 
generally  however  the  excess  of  sulphur  exerts  a  reducing  action,  forming  sulphurous 
anhydride  and  sulphide  of  potassium.  The  tetroxide  gently  heated  in  a  stream  of  car- 
bonic 03iide,y\e[^CBrhovi9Aeoi'f^t!iB6ixnriKjidi  2  at.  oxygen,  K'O*  +  CO  «  CK*0*  +  O*. 
With  carbonic  anhydride,  a  similar  action  takes  place,  with  evolution  of  3  at.  oxycen. 
With  nitric  oxide,  it  forms  nitrate  and  nitrite  of  potassium,  together  with  nitric  peroxide: 

K*0«  +  3N0     -     KNO«  +   KNO«  4    NO*. 
Kitrous  oxide  does  not  act  upon  it     (A  Vernon  Harcourt,  Chem.  Soc  Qn.  J. 
xiv.  267.) 

Dioxide  of  Potassium,  K*0*,  is  formed  at  a  certain  stage  in  the  preparation  of  the 
tetroxide,  but  has  not  been  obtained  in  perfectly  definite  form.  By  carefully  regulating 
the  heat  and  the  supply  of  air,  nearly  the  whole  of  the  potassium  may  be  converted 
into  a  white  oxide  exhibiting  nearly  the  composition  of  the  dioxide ;  but  before  the 
metal  has  quite  disappeared,  some  portions  of  it  are  always  converted  into  the  yellow 
tetroxide.  An  aqueous  solution  of  the  dioxide  is  formed,  as  already  observed,  by  the 
action  of  water  on  the  tetroxide.    (Harcourt.) 

POTABBXimCt  PR08PRZSB  07« — Potassium  an<1  phosphorus  unite  when 
heated  together  iu  nitrogen  gas,  the  combination  being  attended  with  evolution  of  light 
and  heat  Under  naphtha  the  action  takes  place  without  combustion,  merely  causing 
the  liquid  to  boil.  To  obtain  the  pure  phosphide,  potassium  must  be  heated  with 
excess  of  phosphorus  in  a  stream  of  hydrop:en  till  flame  is  produced,  and  further  till  the 
m  iss  of  phosphorus  is  volatilised  (H.  Rose,  Pogg.  Ann.  xii.  547).  It  is  a  copper- 
re  vl,  crystalline  substance  having  a  metallic  lustre.  It  burns  rapidly  when  heated  in 
thr>  air,  forming  phosphate  of  potassium,  and  is  decomposed  by  water,  yielding  hypo- 
pho-phite  of  potassium,  jhosphoretted  hydrogen  gas,  and  solid  phosphide  of  hydrogen. 
(11.  Rose.) 
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POTA^BSrcniC,  SSXkKVZDSa  of.— Ct^mpouDdU  of  seleuiuiQ  wid  poUstiiiim  in 
VJtricnis  ptoporlioiyi  an  obl&ioed:  1,  By  direct  eombiQalian.  2.  B^  igniting  B^^leuHe 
or  Mle&*t«  of  pot«aiium  iKath  hydn>g«n  or  chiLrooal.  3.  Bj  fusing  Bplomum  witli 
bydfmto  or  carbo&At«  of  potafiBium,  t^ieDite  of  potauiam  being  fonnedat  the  name  timi*. 
Tbo  prodocU  thus  formal  are  my  or  browo  iiiim<>«  which  aisnolTe  in  wiiter,  forming 
»  tofution  from  which  acids  eliminate  guneouji  selenide  of  hydrogen,  and  preeipitatf 
Mleniiim  if  that  element  tn  in  exct-fiei.  A  solution  of  aelenide  of  potaxtnin  may  luso  bo 
formed  by  t^oilins  KcJeniam  for  a  long  time  in  aqTu^ous  potash.  All  tbe  solutions  of 
potAflsinm-aelrniue  hare  a  hepatic  ta«te,  and  on  expoenre  to  the  air,  depoait  flelemnm 
in  tbe  form  of  a  red  powder. 

FOTASSSfrMf  SIKXCXAS  07.— The  two  elements,  when  heated  together,  unit  a 
without  p4.rce|>hMti  incandescence.  The  compound  containing  a  larger  proportion  of 
potassium  than  silicium  is  dark  greyish -brown,  and  dissolres  entirely  in  water,  with 
oTolution  of  hydrogen  gas,  yielding  silicate  of  potassium;  the  compound  with  more  sili* 
ciuiD  than  potiissiuui— obtained  by  decomposing  fluoride  of  silicium  with  potassinm,  aud 
Abo  hf  sirongJy  igniting  the  first  compouDd—leaTea  a  residue  of  sibcium  wh^in  digevted 
in  mitnr.  When  Taponr  of  potassiam  is  passed  over  ignited  silica,  silicate  and  sitiddu 
of  potaMiitm  are  pvodncad,  and  dissolre  in  water  without  learing  any  residue  But  if 
the  greater  part  of  the  potassium  be  previously  ex^lled  at  a  strong  red  heat»  and  the 
remaining  Titreoos  maosdigMted  in  water  and  then  in  hydroflttoric  acid,  a  small  quantity 
of  silicinm  is  left  behind, 

POTASSXTTM,  SIKXCOninO&XllB  OF.     K'SiP  ->  2KF.SiFV— Obtained  by 

adding  hydrotluoiiiilicic  acid  to  h  jotiiMHuim-Halt^  as  a  transparent  gelatinous  predpitat*', 
which  dries  up  to  a  white  earthy  powder.  It  is  one  ol  the  least  soluble  of  the  aalts  uf 
potassivm ;  consequently  hydrofluo»ilicic  acid  i»  sometimies  used  to  sepamte  potAAsium 
from  its  solutions,  as  in  the  preparation  of  chloric  add  from  chlorate  uf  potassium. 

POTJLftSXUHC  SinUFHraSS  €fWm  Potassium  heated  in  8ulphur-Ta{ioiir 
readily  take«  fire  and  bums  with  i^rmt  l>riUiancy.  It  unites  with  iulphur  in  five  dif- 
ferent proportions,  vis.  K^  K^',  K^8\  K^\  and  K^S*. 

ProtofuiDhide,  K*S,  —  It  is  doubtful  whether  this  compoond  baa  been  obtained  in  the 
pure  state,  it  is  commonly  said  to  be  produced  by  heating  aolphale  of  poUMimn  in  a 
current  of  dry  hydzDgen,  or  by  igniting  tbe  same  mih  in  a  covered  vessel  with  finely 
divided  charcoal ;  but  according  to  Bauer  (J.  pr.  Chtm.  Ixxv.  240  ;  Jahresb.  1S68,  p. 
116Xoneof  the  higher  sulphidf^s  is  always  formed  at  the  same  time^  together  with 
oxide  of  potaiainm.  The  product  bos  a  reddish -yellow  colour,  is  deliqne^ent,  and  hcim 
M  a  caustic  on  the  skin.  When  sulphate  of  potassium  is  heated  in  a  covered  crucible 
with  excess  of  lampblack,  a  mixture  of  sulphide  of  potaMiiutn  and  finely  divided  carbon 
is  obtjiined,  which  takes  fire  spontaneously  on  coming  in  contact  with  tbe  air.  The 
protosulphide  might  perhaps  be  obtained  pure  by  heating  1  at.  sulphydrate  of  potaasium, 
kflS,  with  1  at  of  the  metal. 

When  snlphydric  add  gas  is  pass^  to  satnrarton  into  a  nolotiom  of  canstic  potash,  a 
solution  of  the  Eulphydmte  is  obtained,  which  is  colourleHS  nt  first,  but  if  exposed  to 
the  air*  quickly  absorbs  oxygen »  and  turns  ytllow  id  consequence  of  the  formation  of 
disulphide :  2KBS  4-  O*  -  E^  -t  EH}.  If  a  ^lution  of  potash  be  divided  into 
two  tjqual  parta»  and  one  half  be  saturated  with  sulphydric  add,  and  then  mixed  with 
tlie  othrr,  a  solution  is  formed  which  may  cont^iin  protosulphide  of  poto-n^ium  :  KII.S 
^  KHO  =t  K*S  -I-  II'O  ;  but  it  is  also  possible  that  the  hydrate  and  the  »ulpbydrate 
may  mix  without  mutuiU  decomposition.  The  solution  when  mixed  with  one  of  the 
stronger  adds,  gives  off  sulphydric  acid  without  deposition  of  sulphur,  a  reactioii  which 
is  consistent  with  either  view  of  its  consititution. 

Linulpkide  of  Potaisium,  K*S*,  is  formed,  as  already  observed,  on  exposing  a 
solution  of  the  Bulphydrate  to  the  air  till  it  begins  to  show  turbidity.  By  evaporation 
in  a  vacuum,  it  is  obtained  as  an  orange-coloured^  easily  fusible  substance. 

The  triiulphide,  K*S',  is  obtained  by  passing  the  vapour  of  carbonic  disulpliide  OTer 
ignited  carbonate  of  potassium  as  long  as  gas  continues  to  escape  : 

2KK:0*  ^  3CS»     -     2K'S»  4    4€0   +   CO*: 

also,  together  with  sulphate  of  potassium— forming  on*  of  the  mixtures  called  hi>rt  of 
Muiphur — by  molting  69  pts.  (4  at.)  carbonate  of  potassium  with  40pt».  (l(*  at,)  sulphur 
{p.  7M): 

4K'HD0*  +   S'«     -     K*90*  +  SK'S*  ^   4C0>. 

The  tetrasulpkide,  K*S*,  is  formed  by  redudng  sulphate  of  potassium  with  tbe 
vapour  of  carbonic  disulphide, 

Tbe  ptnta9ulphidf,  K^S*,  is  formed  by  boiling  a  soluUon  of  any  of  the  preceding 
i*ii!phidrs  with  excess  of  sulphtir  till  it  ia  '•jitarate<^l,  or  by  fusing  either  of  them  in  the 


708  POTASSIUM:   TELLURmE. 

dry  state  with  sulphur.    The  excess  of  sulphur  then  separates  and  floats  abore  the  dtak 
liver-brown  pentasulphide. 

All  the  sulphides  of  potassium  are  brown  or  yellow-brown  solids,  having  an  alkaline 
reaction  to  test  paper,  and  smelling  more  or  less  distinctly  of  sulpbydric  acid.  Acids 
decompose  them,  with  evolution  of  sulphydric  add  gas,  attended,  in  the  case  of  all  but 
the  protosulphide,  with  the  precipitation  of  white,  finely  divided  sulphur  (milk  of 
sulphur).  On  adding  the  pentasulphide  to  an  excess  of  hydrochloric  acid  of  specific 
gravity  about  M,  persulphide  of  hvdrogen,  H'S"  (iii.  204),  is  separated  as  an  oily  liquid. 
The  solutions  of  the  higher  sulphides  become  colourless  on  exposure  to  the  air,  the 
sulphide  being  oxidised  to  hy^)sulphite  and  the  excess  of  sulphur  separated.  When 
a  solution  of  caustic  potash  is  boiled  with  sulphur,  a  decomposition  ensues  similar  to 
that  which  occurs  when  hydrate  of  potassium  and  sulphur  are  fused  together ;  a  deep 
reddish  liquid  is  then  formed  containing  hyposulphite  of  potassium  and  one  of  the 
higher  sulphides :  e.g. 

6KH0  +  S"     =     K-S^*0*  +  2K«S»  +  2HK). 

Liver  of  Sulphur^  Hepar  aulphuris  salinum  3,  alcaiinum,  which  is  prepared  by 
gently  heating  sulphur  with  carbonate  of  potassium  in  closed  vessels,  e.ff.  in  covered 
earthen  or  cast-iron  crucibles, — but  freest  from  impurity,  in  glass  flasks,— oonsista  of 
trisulphide,  penta- sulphide  and  intermediate  sulphides  of  potassium,  according  to  the 
proportions  employed,  mixed  with  sulphate  and  often  at  the  same  time  with  carbonate 
of  potassium.  69  pts.  (4  at)  carbonate  of  potassium  and  40  pts.  (10  at.)  sulphur  yield 
a  mixture  of  1  at.  sulphate  and  3  at  sulphide  of  potassium  (p.  707).  "When  less 
sulphur  is  used  and  a  lower  heat  applied,  the  product  likewise  contains  undeoomposed 
carbonate  of  potassium ;  if  the  heat  be  stronger,  the  trisulphide  chances  to  the  disulphide, 
and  a  larger  quantity  of  potassic  carbonate  is  decomposed.  Lastly,  if  the  amount  of 
sulphur  exceeds  10  at,  the  excess  converts  the  disulphide  into  tetra-  or  penta-sul- 
phide  of  potassium.  4  at  carbonate  of  potassium  require  16  at.  of  sulphur  to  form 
pentasulphide.  Consequently,  for  69  pts.  carbonate  of  potassium,  40  pts.  of  sulphur 
IS  the  smallest  quantity  that  can  be  used,  and  this  produces  tri-sulphide  of  potassium  ; 
64  pts.  is  the  largest,  penta-sulphide  being  produced ;  any  excess  of  sulphur  beyond 
this  volatilises  without  entering  into  combination.  In  the  common  proportion  of  2  pts. 
of  carbonate  of  potassium  to  1  pt  o^  sulphur,  the  quantity  of  sulphur  is  therefore  too 
smalL 


9OTAMBXUT0L,  8U&VBOCASBOVATB  Or.     See  Sulphocabbonatbs. 

POTASBXUBI,  BVUPBOCTAVATS  OF.     See  Sclfhoctanates. 

POTABBXimc,  BV&PROMO&TBSATB  OF.  See  Moltbdbwxtic,  Sulphidb8 
OP  (iii.  1044.) 

POTABBXUBI,  BV&PBOFBOBFKATB  and  BVUPBOPBOBFBXTB  OF. 

See  Phosphobus,  Sulphides  op  (pp.  603,  604). 

FOTABBXUBI,  BV&FBOTinrOBTATa  and  BV&PBOVABABATa  OF. 

See  TuNOSTKN  and  Vajtadium,  Sulfhidbs  op. 

FOTABBXUBI,  BV&FBTBBATB  OF.  KHS  or  E*S.H^.— Formed,  with 
liberation  of  1  at  hydrogen,  when  1  at  potassium  is  heated  in  1  at  sulphydric  acid  gas, 
e.g.  when  200  c.  c.  of  the  gas  are  decomposed  by  a  quantity  of  potassium  capable  of 
evolving  100  c.c.  of  hydrogen  from  water :  2H*S  +  K*  =  2KHS  +  H*(0ay-tussac 
and  Th^nard);  also  l^  passing  sulphydric  acid  gas  over  carbonate  of  potassium 
at  a  low  red  heat  as  long  as  water  and  carbonic  anhydride  continue  to  pass  off 
(Berzelius): 

K«CO»  +   2H«S     -     2KHS  +   C0«  +  H«0. 

It  is  white  if  air  has  been  excluded  during  its  preparation,  yellowish  in  the  contrary 
case ;  crystalline ;  black  when  melted.  It  is  decomposed  by  (filute  acids,  with  evolution 
of  sulphydric  acid.  If  heated  with  1  at  potassium,  it  would  probablv  yield  the  pure 
protosulphide :  2KHS  +  K*  «  2K*S  +  H*.  The  same  compound  is  obtainea  in 
solution  by  saturating  aqueous  potash  with  sulphydric  add  (p.  707). 

FOTAB8ZUM,  TBXAUBZBB  OF.  Formed  by  heating  tellurium  with  potas- 
sium in  an  atmosphere  of  hydrogen ;  by  heating  telluric  oxide  with  2  pts.  hydrate 
of  potassium  and  1  pt  charcoal ;  and  by  passing  the  current  of  a  powerful  voltaic 
battery  through  a  solution  of  potash  with  tellurium  for  the  negative  pole.  The  com- 
pound obtained  by  the  first  method  is  dark  copper-coloured,  brittle,  has  a  crystalline 
fracture,  and  docs  not  melt  below  a  red  heat ;  that  obtained  by  the  second  has  the  colour 
o1'  nickel,  while  the  third  yields  a  steel-grey,  brittle  compound  much  more  fusible  than 
pnre  ttllurium.  Telluride  of  potassium  dissolves  in  water,  forming  a  purple  solution 
which  bwomes  colourless  and  deposits  tellurium  on  exposure  to  the  air,  and  gives  off 
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li'llande  of  hydrogen  vheo  rreftted  vith  acids.  A  similar  iK)littloU|  but  centring  also 
l«llarj(e  of  poUuwiutn,  it  furmtd  by  boiling  t«*Iliuiiim  m  nqueow  potasti.  (BerieliuB.) 
CH*K,  aod  WQTAmmTUW^mwsmriH  CWK,  arc 


obtainod  in  ootnbinatioo  with  ^inc' ethyl  and  lixie-iacthyl,  by  treating  thoao  compouuda 
with  polaaBium ;  tbey  aie  not  known  m  the  separate  stat<.\  Their  rc^Mtiona  »T» 
prrcijscly  aniilogous  u>  tbose  of  the  corrt'Hpjnding  hxDqed -com pounds  (5.  t*.). 

FOTAS^XtnU-BAli^S,  BKAJrmrACTUKlS  or.  The  sources  of  potassium 
hftTe  bf>^o  already  oQumerated  Formerly  nearly  all  the  potaab  us«d  in  the  arti  and 
mftoufactares  was  obtained  from  the  aah«fl  of  land-pUnfs;  but  of  lst«  yeuni  the  iu' 
creasing  demand  for  potash  tat  th.%  preparation  of  Tarious  compounds  in  whit^h  it  ]vm 
not  yet  be«n  found  possible  to  rapUce  that  alkali  by  soda,  natnely  the  chlornti'St 
prossiateSt  chrotnaies,  8ic.f  and  iDOr*i  especially  of  saltpetre  for  the  manufacture  of 
gunpowder —also  as  a  manure  for  the  cultivation  of  Tariona  plants  (Tine,  be«t,  cereals, 
&c.)— has  led  to  tlie  invention  of  several  proceases  by  wbick  potassium -salts  may  bo 
obtained,  dther  directly  from  mineral  sources^  or  from  the  waste  products  of  mana- 
facturtng  operations.  It  must  be  obaerred,  bowerer,  tbit  t-he  ineinemtion  of  land 
plants  has  the  advantage  of  yielding  the  alkali  la  the  farm  of  carbonate,  which  may 
Mflly  be  conrerted  into  the  other  salts  by  neutralisatiun  with  the  respectiTe  iicids,  or 
into  caustte  potash  by  boiling  with  lime  (p.  7€0),  and  thus  at  once  rendered  available 
for  the  manuiactiirs  of  soap,  and  the  various  other  purpoaes  for  which  a  caustic  aUcali 
is  required,  whareAs  the  other  sources  yield  the  potassium  Ibr  the  mo^t  part  in  the  form 
of  chloride  or  sulphate^  that  is  to  say  in  a  form  resembling  the  crude  material  in  Le 
Blanc^s  proc<»s  for  the  preparation  of  soda,  and  requiring  a  complicated  series  of  opera- 
tions to  oonrert  it  into  c^honato  or  caustic  alkali.  For  some  purposes  however,  the 
preparation  of  nitrate  of  potassium  for  exampli\  the  chloride  of  potasisium  is  at  once  uvuil- 
ahle,  without  previous  coovereion  into  carbonate. 

The  sources  from  which  potassium-salts  are  at  present  obtained  are  the  following: 

I.  The  ashes  of  Land  plants.  IV.  Fekpar  and  other  Stlitiiilcii 

II.  The  ashes  of  Marine  plants.  V.  Tho  Wool  of  Sheep. 

III.  Sea^ water,  Brine-springe,  and  Saline  deposits. 

I.  MAjnjFACTtna  or  CaBsoirATi  of  PorasariTic  fboit  ths  Asbbs  of  Timbra 

A^D  OF  Lanb  Plants  in  oKinDLAi» 
The  ashes  obtained  ^m  plants  of  different  spcdes  exhibit  very  great  dirersities 
of  quantity  and  composition ;  but  the  chief  constituents  are  always  the  carbonates^ 
chlorides^  sulphateSt  pnosphatei,  and  silicates  of  potassium,  sodium,  caldum,  magnesium, 
and  iron  :  the  carbonatea,  which  generally  constitute  by  far  the  larger  proportion  of  the 
asb,  are  produced  by  the  decompotiition  of  ui^ejanic  iwlts  of  the  several  bases  (see  Ash 
OF  Oaoanic  Bodies,  i.  416).  The  following  tables  will  give  an  idea  of  the  great  difler- 
encee  io  the  total  amount  of  asb  and  the  proportion  of  potash  yielded  by  various  plants : 

Hoss:  Analtf9e9  from  1,000  jj^ar^. 


Pine  wood 
Beech   ,. 


Oak 

Elm      „         .        .        .        .  . 

Willow,,         .        .        •        .  , 
Vines     .        •        ,        .        , 

FeniB 

Wonnvood    •       «        •       «  < 

^BinitoFy       •        «        •       «  , 

Abbeneand  Blengini: 


Atli. 

340 

6-80 

12-20 

13A0 

.  25-60 

28i>0 

84*00 

30  40 

97-40 

21»^00 


Potuh  (K»0). 

045 

1'27 

074 

1  60 

3i»0 

286 

6-60 

4-26 
7300 
79-90 


An«Uj/»e§from  1,000  jMirtj, 

A»li.  PoU*h(KiO). 

BaldJa  with  blossoms  and  leaven     .         .        ,         .        79*92  19-98 

„    stems  aftef  flowering  time    ,        .         ,                 44*67  S-00 

o    bulbs 99' 10  13-44 

„    bmnehos 23*06  2*56 

Acacia-branches 24'69  2'6d 

Grape-stoms 88  88  41*66 

Vine 46  66  12  73 

Skins  of  pressed  grapei 72*91  14*88 

Stems  of  a  cluster  of  grape*    •        »        »        *        .  39*81 

Orape-stones  .,.,*•*.  960 
More  extensive  tables  will  be  found  in  Richardson  and  Watts's  Ckcimcal  Tceknoloffu^ 
i.  [3]  440—463. 
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1.  Potash  f  ram  the  ash  of  Forest-timber. 

It  will  be  seen  from  the  examples  above  given  that  the  proportion  of  potash  in  her- 
baceous plants  is  much  greater  than  in  trees ;  and  accordingly  it  has  been  propoeed  to 
grow  such  plants  (wormwood,  tansy,  marigold,  &c.)  for  the  sole  porpoee  of  extracting 
potash  from  their  ashes.  But  such  a  plan  can  seldom  be  profitably  carried  out :  for  these 
fast-growing  plants,  except  under  very  peculiar  circumstances,  soon  exhaust  the  soil 
of  all  its  available  potash.  Forest  trees,  on  the  other  hand,  during  their  comparatiTelj 
alow  growth,  are  able  to  avail  themselves  of  the  potash  which  is  supplied  to  the  soil  bj 
the  gradual  decomposition  of  felspar,  clay,  &c.,  and  thus  a  continuous  growth  is  kept 
up  without  exhaustion  of  the  soil.  It  is  therefore  from  forest  trees  that  potash  is 
principally  obtained,  the  manufacture  being  carried  on  in  countries  where  extensiYe 
forests  prevail,  as  in  North  Americti,  Kussia,  Sweden,  Grermany,  and  some  parts  of 
Tuscany  and  France. 

The  incineration  is  effected  eitlier  in  pits,  sunk  into  the  ^i-ound  to  a  depth  of  three 
or  four  feet,  or  the  plants  and  timber  are  arranged  in  piles  on  the  ground,  fresh 
quantities  of  timber  being  added,  in  either  case,  until  a  heap  of  ashes  is  obtained. 
The  lixiviatitjn  of  the  ashes. — The  ash  is  sifted  from  the  coal  and  charred  wood,  tho- 
roughly moistened  and  filled  into  two  rows  of  common 
wooden  cisterns  or  half  barrels  (fy.  741),  the  two  rows 
being  arranged  one  above  the  other,  with  a  third  row 
of  empty  cisterns,  or  wells,  on  a  still  lower  leveL  The 
cisterns  have  false  (sieve-like)  bottoms  covered  with 
straw,  from  which  the  lye,  when  sufficiently  strong, 
is  drawn  into  the  evaporating  pans.  The  method  of 
lixiviation,  generally  with  cold,  sometimes  with  hot 
water,  is  similar  to  that  practised  in  alkali-works. 
The  upper  row  of  cisterns  is  first  filled  with  water  on 
the  top  of  the  firmly  pressed  down  ash,  and  drawn 
when  the  lixiWation  is  complete;  they  are  then 
refilled  and  the  weak  lye  is  run  into  the  first  ash- 
cistern  of  the  second  row,  whence  it  also  issues  in  a 
fit  state  of  saturation  for  boiling ;  this  system  is  continued  in  rotation,  every  frebh 
portion  of  water  coming  at  last  in  contact  with  a  fresh  portion  of  ash.  The  lye  in  its 
proper  state  of  saturation  should  contain  from  20  to  25  per  cent,  of  salt.  This  simple 
and  most  effectual  method  is  however  only  one  out  of  a  great  number,  used  in  different 
countries,  for  the  description  of  which  see  Richardson  and  Watts's  Chemical  Techno- 
%.y.  i-  [3]  458. 

Evaporation  of  the  lye.  —The  lye,  which  is  of  a  dark-brown  colour,  is  evaporated  in 
flat  iron  pans,  wbiltit  the  water  is  constantly  replaced  by  lye  of  the  proper  strength, 
until  the  contents  of  the  pan  become  thick,  and  the  hot  lye  quickly  solidifies  on  cooling ; 
the  whole  is  then  evaporated  to  dryness  with  constant  stirring.  The  crude  product  thus 
obtained  is  called,  from  the  mode  of  preparation,  crude  potash  or  potashes.  It 
consists  mainly  of  carbonate  of  potassium,  with  a  considerable  quantity  of  sulphate  and 
about  12  per  cent,  of  water. 

In  Germany  the  sulphate  of  potassium  is  sometimes  separated  by  allowing  it  to 
crystallise  out  of  the  liquor,  before  boiling  down.  In  Russia,  potashes  are  madelaigely 
from  wood-ashes  or  the  ash  of  straw,  as  a  duty  from  the  peasantry  to  the  estate-owners. 
The  lye  is  evaporated  in  fiut  copper  pans  to  the  point  of  crystallisation,  and  the  carbo- 
nate of  potassium  deposits  in  brown  crystals,  which  are  then  calcined  in  a  mufflefumace. 
p-jAo  Calcination. — Crude  po- 

'^  tash  contains  water   and 

'  emp^reumatic  substances, 
and  these  are  destroyed 
by  calcination.  The  cal- 
cining furnace  is  shown  in 
Jig.  742,  and  is  worked  in 
the  same  manner  as  the 
carbonating  furnace  in  the 
manufacture  of  alkali  ;  the 
crude  potash,  first  covering 
the  hearth  in  a  thin  layer, 
is  well  paddled  and  turned, 
then  broken  down  and  tho- 
roughly exposed  to  the  hot 
air,  until  all  combustible 
matter  is  destroyed  and  the  wiiolo  mass  acquires  a  clear  and  bright  flame-red  heat^ 
when  a  sample,  after  cooling,  will  appear  quite  white.     Careful  management  is  re- 


FROM  TllE  ASHES  OF  LAND  PLANTS. 


711 


\ 


quired  throagboul  the  operation  to  prerFDt  the  fluzisg  of  the  mass  and  to  giTe 
the  aeb  ii  bright  uppeamnc^.  Thi'  loes  in  weight  hy  ealdsing  the  crude  potash  ie  from 
15  to  20  per  cent.  The  calcined  product,  called  pearl-ash,  it  packed  while  etill  hoC^ 
to  pfvfeot  any  abeorption  of  moieture.  The  aiih  i§  often  diacolonred  by  ImpuntieB, 
In  toiDt  maoufactoriea,  &  ntuMe  fdrnai^  is  niied  instead  of  that  above  described. 
^  E^htimff  of  Peari-ath, — In  America  the  pe4irl-afib  ia  sometimes  redisaolved,  the 
liquor  ooDoentrated  and  the  leea  soluble  salts  are  allowed  to  crystallise  out ;  the  dear 
liquor  is  then  evaporated  to  dryness  with  constant  stirring  ;  this  ash  is  called  "salt  of 
tartar."  In  France  the  calcin^l  pearl-ashes  are  washed  several  times  with  cold  water, 
which  gradually  takes  up  all  the^carboDSte  of  potussiam,  and  the  solution  (specific  gravity 
about  I -47 3d)  is  evapomted  in  a  system  ol  pans.  The  pearl-aah  thus  produced  is  of 
first-rate  quality,  ana  vesy  much  liked  in  commerce  on  acoounl  of  its  gnioular  form. 

Commercial  hia*ke$. — There  is  a  great  variety  of  potashes,  acoordin^  to  the  loaUtty 
where  they  are  made,  whence  they  sj«  imported,  Btc — The  Ameiieanf  imported  in  oak 
casks  via  New  York  aiod  Philadelphui,  are  leddish,  somettmes  ^i^  and  vi<uet«  hard»  but 
very  deliquescent ;  there  are  tlwee  kinds,  cootaining  respectively  54  to  6B  per  cent,« 
48  to  62  per  cent  and  30  to  4/>  per  cent,  of  neutml  carbonate  of  potassium,  K'CO*. — 
The  white  American,  or  pearl^asli,  is  granular,  varying  in  perceaitase  from  25  to  5 8  p«'r 
cout, — The  Russian,  St  Fetersbuig  or  Odessa,  also  caTleil  "  Kasan  frtjm  beiog  manit- 
t'actured  near  this  lucalitj,  are  packed  in  poplar  casks,  and  contain  from  50  to  52  per 
cent,  of  purs  earboonte. — The  Kiga  potashes  tire  similar,  and  vary  from  50  to  62  per 
cenl — Tne  Folisfa  {PotoMe  di  PaitU)  are  denser  and  harder,— ^Tho  D&ntzig  resemble 
|)eiaf1 -ashes,  but  are  more  friable,  and  Btand  from  60  to  60  per  cent — There  are  three 
quatities  of  the  Tuscan,  which  are  in  powder,  mixed  with  pieces  of  diflerent  coloun: 
grey  of  00  percent.;  white,  htmler.of  6U  to 55  per  cent,  ;  and  blue  of  the  same  streDgth. 
— ^All  other  potashes  are  of  a  similar  character  ;  they  are  never  completely  soluble  in 
Witter,  and  sometimes  leave  a  considerablr*  rceidue. 

The  following  analyses  give  a  very  good  idea  of  the  composition  of  the  vanoos  kinds 
of  comm«reial  potashes : 

I,  Hermann's  AnafyM*  of  P&tathfs  from  Ka$9n. 
InsoiubU  portion. 

Lime    .......  0054 

Altimina 0012 

Manganic  acid       .         .         ,         .         .  0  013 

Silica Ol32^a'2U 

SoluUe  portion. 

Carbonic  acid 27790 

Pot^h 47*455 

Soda     .......     2-730 

Sutpbate  of  potassium    ....  17*062 

Chloride  of  potaasium    ....     3*966 

Bromide  of  potassium    ....     trace 

Phosphftto  cSfpotaminm  0*443 

SiHca 0-344— 99-789 

^         1 00  000 
II.  Fesiet^s  Analyui  of  Oommfreial  Potatki*. 


CenstUusfit*. 


Carbonate  of  potassium 
Carbonate  of  sodium 
Sulphate  of  potassium 
Chloridi*  of  potsfwium 
Insoluble  matters 
Moisture     . 
Phospborio  acid,  lime,  silica,  ice,  t 
ftndloas  .        .        .        ,         i 


TuiesDf . 


7410 

3*01 

13-47 

0-95 

0-65 

7*2a 

0-64 


lOO-OO 


69*01 

3*09 
1411 
209 
1-21 
6-02 

1*07 


10000 


Aflfesriea. 


6807 
586 

1532 
816 
336 

not  esti- 


PS>rl. 


71*38 
2  31 

14-38 
3-64 
0*44 
466 

3*29 


100*00 


38*63 
417 

38  84 
9  16 
266 
6*34 

IHO 


10000 
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III.  Bley's  Analyses  of  Blyrian  Potashes, 
Carbonate  of  potassiom 78*76        82*85 

Inaoluble  matter 8*75  4-66 

100-00       10000 
IV.  Van  BajBtelaer's  Analyses  of  American  and  Russian  Potashes. 


American  poUibei. 

RuMUm 
pousbes. 

» 

s 

8 

Carbonate  of  potassiimi 
Caustic  potash   .... 
Sulphate  of  potassium 
Chloride  of  potassium 
Carbonate  of  sodium. 

Moisture 

Insoluble  matters      .... 

21-47 
4-46 

2008 
7-66 

22-99 
9-37 

1408 

30-43 
9-33 

25-06 
4-20 

23-90 
311 
3-98 

12-96 
21-71 
23-70 

7-89 
17-07 

0*81 
16-86 

60-84 

17-44 

5-80 

1214 

1018 

3-60 

10000 

10000 

10000 

100-00 

V,  Meyei^s  Analyses  of  American  Potashes  (New  York). 


Conitituentt. 

Best  Qualitj. 

FIrit 
QuMlity. 

Second  Quality. 

Third 
Quality. 

Carbonate  of  potassium 
Hydrate  of  potassium   . 
Sulphate  of  potassium    . 
Chloride  of  sodium 
Carbonate  of  sodium     . 
Insoluble  matter  . 

43-68 

49-68 

4-07 

1-64 

b-72 

24-67 

44-43 

1614 

4-40 

4-27 

619 

6601 

6-61 

27-70 

10-49 

019 

16-07 
38-69 
19-76 
6-60 
4-70 
16-86 

6316 
4-49 

21-30 
6-37 

1401 
1-69 

38-47 

53-34 
0-62 
6-03 
1-64 

99-79 

100-00 

100-00 

100-68 

10001 

10000 

2.  Potash  as  a  bye-product  from  the  manufacture  of  Beet-root  and  Cane-sugar, 

Beet-root  is  a  potash-plant,  its  ash  containing  only  in  some  few  instances  a  large  pfo- 
portion  of  soda ;  thus  Bonssingault  found  in  the  two  kinds : 


Potash 
Soda 


Potaah-acb. 
.     48-9 


7-6 


-   100 


Soda-ash. 
30-1) 
84-2  J    "" 


100. 


MathieudeDombasle  first  attempted  to  combine  the  production  of  sugar  with  the 
f^xtraction  of  potash  by  incinerating  the  leaves  of  the  beet-root ;  his  plan  was  however  soon 
abandoned;  about  20  years  later,  Dubrunfaut  suggested  that  the  uncrystallisable 
sugar  in  the  molasses  should  be  converted  into  alcohol,  and  the  potassium-salts  extracted 
from  the  residue.  This  plan,  which  has  been  adopted  on  a  large  scale  in  France  and 
Germany,  depends  on  inducing  a  fermentation  in  the  molasses,  separating  the  alcohol 
by  distillation,  evaporating  the  residual  liquors  to  dryness,  calcimng  the  solid  mass, 
and  treating  the  pure  salts  as  described  for  ordinary  potashes. 

Molasses. ^T\ie  uncrystallisable  sugar  in  raw  beet-root  su^  was  found  by  Moinier 
to  vary  from  0*12  to  3*40  per  cent.,  but  in  some  molasses  it  amounts  to  90  per  cent. 
Payen,  Poinsot,  and  Br u net  found  9-699  per  cent,  of  the  carbonates  of  potaasium 
and  sodium  in  this  material  Erocker  found  in  the  mineral  matter  left  by  the  incin- 
eration of  the  molasses : — 


KSO.     Ka20.    CaO.     SO>       SIO*. 


cot.      P«0».p,5;pTi3[..Naa. 


Soluble        47*88     2*34      .  .      1-63     0-85     22*39  12*92     -      8791 

Insoluble       170     017     529      .  .      022       3*79     0*29      063       .    .       «      1209 


100-00 


.     FROM  THE  ASilES  OF  LAND  PLANTS. 


713 


Tht  molnMot  nr*  diluted  to  «  tpeeifie  grsTitT  of  1  *0S&,  mad  Bulphuric  acid  is  added 
to  rpndor  th«  liquid  aUgfatly  acid.  Tlii«  liqaid  in  mixed  with  24  per  cent,  of  tie  yeiiht 
of  beer,  ron  intolar^  cisterns,  exposed  to  a  tempe-mtare  of  20*^  C\  (68^  F,)  and  allowed 
to  ferment  for  fire  or  aix  days.  It  is  then  distQled  to  separate  tht  aleobolj  amountiDg  to 
4  or  5  per  eent.  of  the  Liqma.  All  the  salta  contained  in  thA  plant  remain  in  the  reaidue 
called  vinaase. 

This  ne£diia  ia  neutialiaed  with  chalk,  and  the  Uqnid  ia  allowed  to  settle.  It 
ia  then  ooneentrated  In  iron  pans  to  a  sjrapy  oonaiatanoe  (1-217  to  1*372  apeciSe 
gravity),  run  into  tJinJcs  to  allow  the  snlphate  of  calcinm  to  precipitate^  and  the  dear 
brown  liquor  is  eoJmiad  in  a  reverbentory  fnmaceL 

The  addition  of  chalk  to  the  Tinasae  is  moift  beneficial  to  the  oompocitton  of  the  salt 
prodneed,  as  is  plainly  shown  in  the  following  comparative  analyses : — 

without  llnie.  With  Ittnt. 

Carbonate  of  potassium 42  62 

Carbonate  of  aodium 


Solphata  of  potasainm 
8ulphide  of  potasatitm 
Chlonde  of  potaaciiiBi 


29 
10 

a 

10 


m 
1 

17 


100  100 

The  potaahea  obtained  in  this  proceaa  rary  yery  mnch  according  to  the  diacrieta 
where  the  beet^root  haa  been  grown  ;  they  are  richer  where  the  beet-root  has  r»c«utJy 
been  introdneed^  than  whare  the  soil  has  been  long  ecdtivati^  and  is  consequently  ex- 
hausted. These  raw  b6et*root  potashes,  called  **  Salm  "  on  the  continont^  contain  on  the 
avemgo ; — 

Sulphate  of  potassfnm,  firom  .         .         .        .        .  3  to  5  per  cent. 

Chloride  of  potassium,     „ 30  per  cent. 

Carbonate  of  potassium  ,,  .         .         ,         ,  30  to  35  per  cent* 

Carbonate  of  sodium       „  .         .        .        «        .  18  per  cent. 

R^ning  of  thf  raw  Salin. — The  emde  material  is  lixiviated  and  the  liquors  m 
■ometimea  boiled  down  to  dryness:  somedmes  the  strong  liquort  are  concentrated  up  to 
1*473  whilst  the  sulphate  of  potassium  is  fished  out.  Aft«ir  cooUtig,  a  large  crop  of  ays* 
Ikiis  of  chloride  of  potassium  forms  in  the  ooolen;  The  mother^liquor  is  separated, 
coiieeutratod  up  to  specific  gravity  l'&5£,  and  again  run  into  coolers.  In  three  or 
four  days  a  mum  of  crystal  is  formed,  consisting  of  a  double  carbonate  of  potaasinm  and 
sodium.  The  mother-liquor,  now  vory  rich  in  carbounte  of  potassium,  ia  boiled  down  to 
dryness.  By  redissolving  and  recrystallising,  another  double  salt  with  lesa  carbonate 
cvf  potAMium  is  formed^  which  is  then  melted  in  a  metal  pan  and  boiled,  whereupon 
Cft?Donat©  of  sodium  with  1  at  water  (Na*CO*.H^0)  eeparatea,  leaving  the  mother-liquor 
rich  in  pot^assium-salt. 

>L  Billet  subjects  the  rinasse  to  a  distillation  process,  somewhat  similar  to  tl^t 
which  Mr,  Stanford  has  proposed  for  seaweed,  whereby  he  obtains  tar,  illuminating 
gas  and  charcoal  in  addition  to  the  ash.  Tho  potash  is  extracted  by  lixiviation,  with 
h'sa  loes  than  in  the  previoas  process,  and  in  a  state  of  moch  greater  purity.  (See 
Richardson  and  Watts's  Chendeal  Tecknoloffy,  L  [3]  480,) 

The  aggregate  quantity  of  potaasium-aalta  produced  from  tho  beet-root  mannfiictare 
in  Europe  mnat  be  very  hi^ge,  and  is  daily  increasing.  The  application  of  these 
prncesaes  to  similar  waste^prodncta  in  the  manufiieture  of  cane-sugar  might  be  eqoally 
advantageous;  a  process  has  in  fact  been  pat^'Utcd  by  Mr,  G.  Seymour  for  Mods. 
Jjepky,  for  the  recovery  of  the  potash  and  soda  from  the  saccharine  jaicaa  of  canes  or 
baet^root  by  means  of  caustic  baijta. 

3,  SuiphaU  and  QirbanaU  o/  l\fta»miim  a*  bfft-pred*teU  in  ilU  mam^meiurt  of 

Tartaric  Add, 

The  add  tartrate  of  potaasinm  existing  in  grape  juice  being  but  slightly  soluble 
in  a  mixture  of  alcohol  and  water,  la  separated  during  fermentation  aa  a  cmM  on  the 
aides  of  the  casks,  and  called  whi  te  or  red  crude  tart  ar  according  to  the  wini*  from 
wlii>h  it  is  obtaim^d.  This  being  dissolved  in  hot  water,  and  the  satur»t«d  solution 
allowed  to  cool,  the  surfdce  is  soon  covered  with  a  coating  of  fine  crystals  of  tbc  a^id 
tarlmte  which  in  this  state  is  called  cream  of  tartar.  The  beM  kinds  come  from 
Italy,  8|ntin,  and  Frunce,  and  contain  on  iin  avcni^^e  from  different  samples  82  7  pi^r 
cent,  acid  tartnitc  of  poLaaaium,  7'6  tj&rtrate  of  calcium,  and  9*7  water  {2\ckiu>loff^,  i. 


[81484). 
The 


hese  tJiTlara  when  healed  are  decomposed,  and  leave  a  black  mast  called  "  black 
flux ; "  consist  ing  of  potassium-carbonate  mixed  with  charcoal ;  when  they  are  deflagrated 
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with  saltpetre,  a  white  residue  is  obtained  called  '*  white  flux ; "  oonaistiDg  munly  of 
potassium-carbonate.  Both  of  these  fluxes  are  extensively  used  in  assaying  metallic 
ores.  The  tartars  were  formerly  heated  in  the  open  air,  till  the  residue  became  white^ 
and  then  sold  as  wood-ash. 

The  lees  of  wine,  as  well  as  the  yeast,  are  now  used  for  the  production  of  eaibonate 
of  potassium.  After  the  fermentation  of  the  wine,  the  yeast  or  lees  is  oollectad  into 
one  vessel,  placed  in  bags,  and  pressed ;  and  the  cakes  are  dried  and  incinerated. 
Great  care  is  required  in  regulating  the  fire  properly.  These  ashes,  in  France  called 
Cetidres  graveUes,  are  of  a  very  superior  quality,  very  light,  porous  and  white.  A  nmi- 
lar  product  is  obtained  from  the  residue  in  the  manufacture  of  brandy. 

In  the  manufacture  of  tartaric  acid  half  the  acid  in  the  crude  tartar  is  nentialised 
with  lime  and  precipitated  as  tartrate  of  calcium.  The  neutral  tartrate  of  potassium 
remains  in  solution,  and  maybe  converted  into  chloride  or  sulphate  of  potassium,  by 
means  of  chloride  of  calcium,  sulphate  of  calcium,  or  dilute  sulphuric  aci<L  Mr.  Gafty 
has  patented  a  process,  by  which  he  obtains  the  alkali  in  the  form  of  a  carbonate  by 
treating  the  solution  of  neutral  tartrate  with  milk  of  lime,  forcing  carbonic  acid  gas  at 
the  same  time  into  the  liquid  until  it  is  saturated ;  insoluble  tartrate  of  calcium  is 
formed,  and  the  acid  carbonate  of  potassium,  which  remains  in  solution,  is  evaporated 
and  calcined  in  a  reverberatory  furnace. 

Wagner  proposes  to  substitute  carbonate  of  barium  for  the  lime,  and  obtains  thus  inso- 
luble tartrate  of  barium  and  a  solution  of  neutiul  tartrate  of  potassium,  which  latter 
he  mixes  with  a  solution  of  hydrate  of  barium.  This  mixture  is  boiled  and  carbonic 
acid  passed  through  it,  until  all  the  baryta  is  precipitated,  and  the  caustic  potash  is 
converted  into  carbonate,  which  is  then  evaporated  and  dried. 

II.  Fbom  the  Ashes  of  Marinb  Plaitts. 

The  value  of  marine  plants  as  a  source  of  alkali  has  been  known  £rom  a  very  early 
age ;  the  systematic  production  of  the  ash  of  seaweed,  called  **kelp"  in  this  country, 
*'  varec "  in  France,  is,  however,  at  least  in  these  islands,  of  comparativelv  recent 
oritrin.  First  regularly  pursued  in  Ireland,  it  was  introduced  into  Scotland  by  Mr. 
M'Leod  about  the  year  1730.  It  was  at  first  worked,  for  its  contents  of  carbonate  of 
sodium,  at  the  time  when  high  war  duties  were  levied  on  barilla  and  salt.  At  the 
beginning  of  the  present  century,  the  value  of  Highland  kelp  was  twenty  pounds  per 
ton,  and  the  production  of  Scotland  about  this  period  was  20,000  tons  per  annum. 
When  the  manufacture  of  soda  from  common  salt  commenced,  the  kelp  fell  rapidly  in 
value,  and,  although  the  discovery  of  iodine  in  1812  opened  up  a  new  demand  for  kelp, 
its  production  never  again  reached  the  above-named  amount.  Kelp  and  varec  are  now 
produced  solely  for  their  contents  of  iodine  and  potassium-salts. 

Tables  of  the  composition  of  the  ash  of  seaweed  are  given  in  Richardson  and  Watts's 
Chemical  Technology  (i.  [3]  501,  602),  showing  that  the 

Potash  and  soda  vary  from  15  to  40  per  cent. 


Lime                           ,. 

3  „  21 

Magnesia                    ,, 

7  „  15 

Common  salt               „ 

3  „  35 

Phosphate  of  calcium  „ 

3  „  10 

Sulphuric  acid             „ 

H  „  31 

SiUca 

1  .,  11 

Collection  of  the  Seaweed  and  manufacture  of  the  Kelp. — In  Scotland  the  kelp  is 
collected  from  June  to  September,  and  is  known  as  "cutweed"  and  "driftweed."  The 
cutweed  or  weed  cut  from  the  rocks,  is  chiefly  obtained  in  the  Highlands  from,  two 
plants  called  "yellow-wreck"  and  " black- wreck,"  the  former  of  which  floats  in  water 
when  cut,  and  hence,  being  more  easily  managed,  is  more  commonly  used  in  the  High« 
lands  than  the  other  which  does  not  float.  The  weed  is  cut  only  during  spring-ti^s, 
and  it  is  important  to  dry  and  bum  it  before  it  suffers  from  rain,  as  otherwise  it  is 
apt  to  ferment.     Cutweed  yields  less  iodine  and  potash  than  driftweed. 

In  Scotland  the  weeds  are  burned  in  kilns  on  level  ground,  14  to  16  feet  long  by 
2  feet  broad,  surrounded  by  a  stone  wall  8  to  10  inches  high.  The  kiln  is  kindled 
with  dry  heath  or  straw,  on  which  the  dried  seaweeds  are  placed,  the  laying  on  of  the 
weed  being  done  very  carefully,  so  as  not  to  allow  it  to  burst  into  a  flame.  When  this 
operation  has  been  in  progress  from  six  to  eight  hours,  a  portion  of  the  end  walls 
is  pulled  down  and  the  porous  ash  is  worked  up  and  kneaded  until  it  melts  and 
runs  together,  and  thus  forms  the  "  floor,"  a  cuke  from  3  to  6  inches  thick.  The  whole 
operation  is  then  proceeded  with  afresh,  a  second  floor  is  formed  &c.  up  to  four  and  eren 
■IX  floors.     The  fused  mass  is  broken  up  by  throwing  water  upon  it. 
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la  the  Donb-weat  of  Ireland  the  k«lp  ia  chiefly  made  frum  dnftwe«di  vhich  couufm 
in  dunnff  April  nod  Maj  ;  it  ia  burnt  ia  «nudl  bejips  or  hulefl,  at  a  lower  temporatufi!^ 
NO  that  ue  kelp  ia  more  pofons  and  moch  richer  thnn  that  from  the  Wentem  Taland«i 

Ou  tb«  w«vl  coMt  of  Franee,  in  ^oruaiidv  and  BriiCttu^«  e«|>eciaUjr  on  the  shores  uf 
La  Matkcbe,  til*  *' drift  weed"  haa  been  ooUecied  from  time  immemon«l.  When  the 
weed  has  been  gathered  or  cut,  it  ia  dried,  and  aftenrarda  put  into  etacka  which  stand 
until  Jul/  or  August,  when  it  ia  burned  in  round  or  rii-*tan^rtdjtr  pjta»  which  am 
protected  on  their  aidca  and  bottom  fay  stones  or  plates.  The  pita  are  filled  with  dry 
weed  and  aet  on  fire,  freah  weed  baiag  cocitinuaUy  added  till  the  heat  becomes  ao  great 
a*  to  Buften  and  ultimately  fuse  the  ashes. 

Thea«j  methoda  howeTer  are  open  to  all  the  objeetiona  pointed  out  some  years  ago  by 
Heinrich  Eoae,  as  applying  to  toe  older  pro  cess  of  ioeineratiiig  pUats,  the  chief  of 
which  ai^,  that,  owing  to  ibe  great  heat  applied,  Tolatile  sttbatancc>«,  iodino  anf)  poCaa- 
aium-ealu  fgr  ezampi0i  are  to  a  great  extt^nt  loet,  and  that  the  carbon  deoxidises  the 
alkaline  aulphatee,  reducinffthem  to  sul|)hitf»,  faypoaulpbitea,  and  even  snlphideai,  which 
accumulate  in  the  motber^iquor  and  require  a  large  quantity  of  aulphunc  add  to  re- 
convert them  into  aulphates. 

To  ohriate  these  objections,  various  plana  have  been  propo«ed^  consisting  chti'fly  in 
cbarnng  the  weeds  only  alightly  before  ILdTiatingf  or  in  subjecting  them  to  a  dieitilla- 
tion*proce«9»  whi«reby  tar  and  illumiuttttog  gaift  are  obtainKl.  t'other  with  a  reaidue  of 
charcoal.  This  wheti  lixiviati^d,  yiftldls  a  solution  containing  the  soluble  mineral  eon* 
etituents  of  the  seaweed,  whicli  are  thus  obtained  with  much  leas  loss  than  by  the 
ordinary  prooeas.    ^See  &uwbsd.) 

Comptmtion  of  the  Kdp  and  Varfc, — ^The  differences  in  tbe  kelp  and  rarec  timm 
different  localitip^  ire  very  great;  not  so  mucb  however  when  manufactured  at  thesame 
pljc%%  us  ibe  g^at  difference  in  the  composition  of  tbe  ash  of  the  seaweeds,  even  of 
I  be  same  speeics,  migbt  lead  one  to  expect,  Awordiug  to  Gkjlfit^r-Beaaeyre's  analyses 
of  French  varec,  the  sulphate  of  potassium  varii's  from  11  to  44  p<*r  cent,,  and 
iu  one  case  fell  as  low  as  '2  per  cent. ;  the  chloride  of  pot  a««i  i  u  m  from  12  la  3d  p<*r 
cent,  and  in  one  instance  it  was  unly  O'M  per  cent, ;  thi*  sulphate  of  sodium  from 
Oto35  per  cent.;  the  carbonate  of  sodium  from  nil  to  17  p'^r  ceDt ;  and  the 
chloride  of  sodium  from  9  to  70  per  cent. 

ErtractioH  of  tAe  8alU. — The  separation  of  the  three  principal  salts  contained  in 
kcJp,  viz.,  th*^  ..Ki..-.;.i..  j^^d  gnlphate  of  pota&^ium  and  the  chloriJ**  of  sodium, is  baaed 
on  tht^  fulli  —1st,  That  common  salt  is  nearly  as  sulnbte  in  cold  as  in  hot 

water;  2nd.   i  :  ide  of  pota^itim  is  more  solable  in  hot  than  in  cold  water;  and 

3rd.  That  sulphate  of  (totaa^ium  is  only  slightly  soluble  in  cold  water. 

The  followiuf;  table  exhibits  the  solubilities  uf  tbeae  three  salts  at  12}''  and  100°  C. 
(M^and212'^F.). 


Saltt. 

Quralitk-t  dl»M|T«d  by  too  f>U.  o(  w«t«r 

at  lt|'>  C. 

allOO^C. 

Sulphate  of  potassium 

Chloride  of  potassium   ,         *         .         .         * 
Chloride  of  sodium         ..... 

105 
82^0 
36d 

270 

69-4 
400 

It  must  not,  however,  be  fbrffotteti  that  the  /ir$i  sdntiemt  of  the  potassium -chloHde 
render  the  sulphate  loss  soluble,  wh^ress  tbe  sodium-chloride  renders  tbe  tx)tasaium* 
sulphate  more  soluble  in  the  *tc&nd  /ye  than  in  pure  water. 

Iu  Scotlnnd,  the  kelp  broken  into  small  pieoea,  is  thrown  into  large  cast-iron  vats 
cuntaining  filters  mncie  of  straw,  dried  seaweed,  or  small  sfones.  and  connected  by 
pipes,  P<»  tbivt  the  liquid  may  flow  from  one  to  tbe  other.  Water  i*  prmred  into  tbe 
first  vat,  filters  through  into  the  secondhand  so  on,  becoming  continually  more  charged 
with  tbe  salts,  and  when  satursited  i»<  nia^le  to  flow  into  an  uudcrproond  recpiv^^r,  whence 
it  is  run  or  pumped  into  the  boi1inff-pan».  When  the  li<]uor  iu  »  tank  fall*  to  6** 
Twnddell,  it  is  mn  off,  and  the  t.mk  is  ncfillod  with  fresh  k<lp.  At  first  the  Hquora 
BtHiiJ  at  50°  T.,  but  hy  the  liine  the  lti*t  mt  is  sftturated,  thtj  fall  to  36°  T,,  brluw 
which  strength  no  liijUors  aw  evafn^ratcd.  The  filters*  are  renewed  at  every  filth 
^>l>emtion.  The  sxliausted  mass,  still  cuntaining  some  kelp,  ia  sold  to  bottle  manu- 
facturers. 

Tbe  kt^p'liquor,  from  35*^  to  50**  T.,  is  evsporatcd  in  iron  pans,  and  boiled  down  to 
60^  T. ;  tbo  salt,  which  falls  in  jrr<^iit  quunf  ifiea  doring  !})«*  ev«|^Mjration  of  tbe  liquid, 
is   un  impure  sulphate  of  pot4i»:<ium ;  it   is  rt^gularly  fished  out,  und  thrown  into  a 
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wooden  Teasel,  with  a  perforated  bottom.  The  liquor  of  60^  T.  is  allowed  to  settle  and 
run  off  into  a  cooler,  where  the  chloride  of  potassinm  crystalliaeB  out  These  erjwItalB 
are  thrown  into  a  basket^  and  allowed  to  drain.  The  mother-liquor  is  boiled  up 
to  68^  T.,  when  sulphate,  chloride,  and  carbonate  of  sodium  salt  out,  and  are  drained 
in  the  same  way  as  before.  The  liquor  is  allowed  to  cool  again,  and  another  crop  of 
chloride  of  potassium  is  obtained.  The  mother-liquors  are  then  ran  ofl^  treated  as 
before,  and  boiled  up  to  74^  T.,  during  which  operation  the  same  sodinm-salts  separate, 
and  are  fished  out ;  the  liquor  again  run  into  coolers,  furnishes  a  third  crop  of  chloride 
of  potassiuuL  During  the  eTaporation  of  the  first  liquor,  the  pan  is  oooasionaUj  fed  with 
small  quantities  of  kelp-liquor,  but  during  the  boiling  of  the  second  and  third  liquors, 
nothing  but  the  corresponding  mother-Uquors  are  supplied.  The  salts  separating 
durine  the  boiling  of  the  second  and  third  mother-liquors  are  sold  as  keXpHsalts,  and 
contam  on  an  average  from  9  to  14  per  cent  of  alkali ;  they  Tary  Tery  maeh  in 
composition,  as  the  following  analyses  prove : 

Analyses  of  Kelp-salts  (Bichardson). 


SalU. 

1. 

9. 

s. 

4. 

Carbonate  of  sodium        .... 

1-08 

6-23 

1604 

28-68 

Chloride  of  sodium 

80-65 

69-97 

64-69 

4117 

Sulphate  of  sodium 

1003 

4-70 

16-27 

17-91 

Sulphate  of  potassium 
Chloride  of  magnesium 

7-47 

10-43 

traces 

trace 

lusoluble  matters    . 

Water     . 

1-60 

8-50 

4-74 

18-00 

100-88 

99-83 

99-74 

100-76 

The  first  crystallisation  yields  about  86  to  90  per  cent,  the  second  and  third,  96  to 
98  per  cent  of  pure  chloride  of  potassium,  whilst  the  fourth  contains  some  sulphate  of 
sodium. 

In  France  the  varec  is  sometimes  ground,  and  the  liziviation  is  conducted  in  wooden 
tanks,  with  false  (perforated)  bottoms,  in  such  a  manner  that  the  chlorides  of  potassium 
and  sodium  are  first  extracted,  whilst  the  sulphate  of  potassium  is  obtained  in  the  second 
lye.  Fresh  water  or  weak  lye  is  run  on  the  fresh  kelp,  and  thence  over  kelp  whidi 
has  already  been  treated  with  water,  &c.,  &c.,  until  the  density  reaches  1-12  to  1-16. 
These  lyes  contain  large  quantities  of  the  chlorides  of  potassium  and  sodium,  whereas 
the  sulphate  of  potassium  is  present  only  in  small  proportion.  The  residue  is  now 
treated  similarly,  until  the  lyes  stand  at  1  -46,  and  contain  principally  sulphate  of 
potassium. 

The  lye  containing  the  alkaline  chlorides,  is  concentrated  up  to  1-333 ;  and  the 
chloride  of  sodium  deposited  is  fished  out,  and  thrown  into  wooden  hoppers  above  the 
pan.  The  salt  thus  obtained  contains  chloride  and  even  sulphate  of  potassium  ;  to  re- 
move these,  it  is  thrown  into  wooden  boxes  with  false  bottoms,  and  whilst  the  lye  from 
a  previous  operation  is  run  upon  it)  a  jet  of  steam  is  admitted  below  the  false  bottom ; 
the  whole  mass  is  stirred,  allowed  to  settle,  and  the  liquor  is  drawn  off.  This  operation 
is  repeated  until  the  solution  stands  at  1-27,  when  it  is  run  off,  and  employed  as  above 
mentioned  for  another  portion  of  salt  The  potassium-salts  are  thus  almost  entirely 
removed,  and  the  pure  sodium-chloride  is  drained  and  gently  dried. 

To  separate  the  chloride  of  potassium,  the  lye,  free  firom  common  salt^  and 
standing  at  1*33,  is  drawn  into  coolers,  where  the  chloride  of  potassium  crystallises  onty 
the  motLer-Iiquor  retaining  iodide  of  potassium  in  solution. 

The  sulphate  of  potassium  is  obtained  from  the  second  washings  of  the  varee, 
as  previously  explained.  When  the  lye  is  evaporated  in  fiat  iron  pans,  the  sulphate 
separates  in  small  crystals,  which  are  drained,  washed  with  lye,  and  then  with  cold 
water. 

The  sulphate  and  chloride  of  potassium  thus  obtained  may  be  converted  into 
nitrate  by  decomposing  them  with  an  equivalent  quantity  of  nitrate  of  sodium 
(p.  100). 

IIL  Fbom  Sba-watbb,  Brikb-springs,  and  Salt-beds. 
1.  From  Sea-water, 
Potassium  occurs  in  sea-wator  as  chloride  and  sulphate  to  the  average  amount  uf 
0*267  pt.  in  1,000.     The  extraction  of  these  salts  from  sea-water  has  been  carried  on 
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in  th«  toatli  of  France  for  the  last  ten  youra  bj  a  procfvs  deriied  bj  Bal  Ard  depending 
ujiMni  rbe  Dfttuiml  sdTvntiigwi  of  thf*  I'liniBt*^,  namely  a  power^l  Bumtnei^B  min,  and  a 
Buffloiont  differ«*nce  of  temperaturfl  betwf'f'n  dnjr  and  night.  The  8eii*wat4*i'  ifl  first  left  to 
eTftpomte  during  the  iammer,  in  Bhallow  pondu  or  " ialt-smideDP "  iffcereby  a  wjd* 
iidiiimblr  qtuiotiry  of  eoRimon  B&ll  h  obt^iined,  robed  towaidi  the  liui  vitb  eulphnte  of 
mMBOfluin  (et^  SoDiux,  Chlohidb  op).  The  mother*liquof  biiving  a  densitj  of  Sl'^  B 
it  dio  paived  into  a  »ennt  of  shallow  ponds,  whereViy  aDutfaor  crop  of  common  Bait 
{■  obtaitkod  during  the  daj,  end  during  the  night  11  mixture  of  sulphate  of  magneiiiuiM 
with  ft  double  tiulphute  of  magnMium  and  potasniiini.  The  motiieivliquors  from  thene 
•alti  are  run  into  otht^r  ponds^  where  aooui«r  crop  of  erjrBtabi  i»  obtained,  connMtJug 
ehieilj  of  a  double  ehloride  of  potiiiiiiiD  ind  magneeiam,  which  when  diseoWed  in 
water  heated  by  «tenni  yiellis  chloride  of  potMnnm  on  eooling  (p.  718)^ 

The  mizad  magnr-^ic  and  potafiirfo-niftgnene^phatet  an«  reduiBolred  and  evapomted, 
wliarabj  the  double  suk,  K^Ig''S^0*.6UK),  is  obtained,  which  is  uacd  in  the  manolke- 
tufe  of  ilniB,  and  fur  the  prcxluctioD  of  carbonate  of  potassium  by  Leblanc'i  prooeai. 
The  mother-liquor^  eontabing  only  the  £peom*ialt«,  is  worked  ttp  in  winter.     (Sea 

SlJLPHA.Tn.) 

The  salt-works  of  Bajzuifl,  ^Tenng  a  aurface  of  about  370  aerea,  jiekl 

200,000  cwts.  of  common  salt. 
1,300,000  cubic  ftiet  of  mother-liquors  at  31^  B, 

r  11,000  cwtfi.  of  cfystallised  sulphate  of  msg;nemnm. 
fpotaasium. 
);000  cwta*  of  double-ealts  of  <  aodium. 

Imsgnesium. 

1,400,000  cubic  feet  of  mother^liquon  yieldtug  in  winter  90,000  ewta.  of 
sulphate  of  sodium. 

Tho  produce  just  described  is»  however,  attended  with  certain  ineonT«iu«8Mee,  tbe 
chief  of  which  arc  the  lo«s  of  saline  producte  by  infiltration  during  tlie  lom^  Bfliottni 
of  the  concentrated  liquids  in  the  salt-gardens,  and  the  redilution  of  theae  Hquida  by 
rain.  These  inoonyeniences  are  antirelj  obviated  in  the  im proved  proceea  of  M< 
MerlOi  which  consists  in  aaltmg  down  ike  ctuwtniraitd  seorwaler  hy  tiri^/kkd  rqfri- 
(ftrati&m.  For  this  pnTposa  the  sea- water,  &ft«r  btii^  ooncesitrfired  in  the  salt-gaidens 
to  1  24  specific  firavity  (28^  B.) — at  which  dmee  of  coneeDtratioD  it  deposits  about  |th 
of  the  Bodium-cliloride  contained  in  it^ — is  diluted  with  about  10  per  cent,  of  pure  water 
(to  prevent  too  rapid  deposition  of  sodlmn-chloride  in  the  next  stage  of  the  p^rnceBS^, 
and  passed  through  a  Beri€«  of  refrigerators  conetnicted  on  Carry's  principle  (Hhat, 
iii,  98),  in  which  the  sulphate  of  magnesium  and  chloride  of  eodinm  are  oonverted  by 
mutual  decomposition  into  chloride  of  magnaitum  and  sidphate  of  sodium,  the  latter 
of  which  eeparatfliB  out.  The  mother-liquor  still  containing  a  ooosideroble  quantity  of 
sodium-chloride  is  then  run  into  boilers,  where  it  is  boiled  down  to  1*331  specific 
gravitj  (36^  B,),  and  deposits  nearl^.the  whole  of  the  sodium-chloride.  Tho  remaining 
mother-liquor  containing  tho  chlorides  of  potassium  and  magnesium,  is  passed  ]nt4> 
ahallow  coolers,  where  it  deposits  magnrsio-poiassic  chloride,  and  &om  this  the  chloride 
of  potassium  is  extracted  by  a  process  similar  to  that  described  on  the  next  page. 

The  potash  contained  in  these  springs  has  not  as  yet  been  extraeted  on  a  manufac 
tnring  scaK  Margneritte  efiects  it  by  paising  a  current  of  hydrochloric  add  gas 
thrtiugh  the  mother-liquor  left  after  the  separation  of  the  common  salt.  The  whole 
of  thi^  potassium,  whether  it  exists  in  the  solution  as  mognesio-potaselc  chloride,  or  ss 
sulphate,  is  then  precipitated  in  the  form  of  chloride.  The  passage  of  the  gas  is 
fiicilitattnl  by  keeping  the  liquid  in  constant  agitation  (see  Ttcknolomf^  L  [3]  d40).  The 
method  ia  likewise  applicable  to  the  preparation  of  potassium^chlonde  from  the  mother* 
liquor  of  sAa-water,  amt-morahes,  he* 

The  potnasium  may  also  be  sepanited  from  such  liquids  by  taking  advantage  of  the 
action  of  lime  on  sulphate  of  magnesium,  whereby  the  latter  is  conv*«'rtt*d  into  nearly 
insoluble  sulphate  of  oaldum.  A  milk  of  lime  prepared  with  a  strong  solution  of  fiult 
ii  Kdded  to  thf^  mother^llquor  of  salt-works,  in  sufficient  quantity  to  decompose  the 
mhJiate  of  mngncHium.  The  whule  is  boiled  and  allowed  to  settln:' ;  and  the  common  salt 
is  felt  to  separate  from  the  liquor  in  the  usual  salting  pann,  until  the  chloridi?  of  pot  as- 
sinm  begins  to  appear,  when  a  small  quantity  of  chlondr  of  sodium  and  chloride  of 
potassium  crystallises  out  as  the  liquor  cooK  When  the  temperature  falls  to  140^ — 
130^  F.,  tho  liquor  is  run  off  into  another  cooler,  where  the  chloride  of  potassium 
crystalUst^. 
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3.  Preparation  of  Potassium-chloride  from  the  Salt-beds  of  Steuftfurik. 

The  occurrence  of  a  deposit  of  magnesio-potassic  chloride  above  the  rock-salt  of  Stass- 
furth  near  Magdeburg,  has  been  already  mentioned  (p.  607).  The  saline  deposit^  which 
is  of  great  extent  and  thickness,  is  situated  partly  in  itxe  Prussian  territozy,  paitlj  in  the 
Duchy  of  Anhalt  To  the  north  of  the  town  of  Stassfurth,  the  saHne  deposits  orer- 
lying  the  pure  rock-salt  have  a  thickness  of  187  metres  and  may  be  divided  into  four 
principal  layers,  the  limits  of  which  are  liowever  not  very  well  defined  :  1.  Immediately 
above  the  pure  rock-salt  is  a  bed  107  metres  thick  composed  of  layen  of  chloride  at 
sodium  interspersed  with  thin  veins  of  anhydrite^  CaSO*. — 2.  Above  this  is  a  similar 
bed  31'5  metres  thick,  in  which  the  anhydrite  is  replaced  byjx%Aa/ffo,K*Ca'Me(SO^)'. 
2K'0 :  in  this  bed  also  the  chloride  of  sodium  begins  to  be  interspersed  wiu  small 
quantities  of  magnesio-potassic  chloride. — 3.  Kieserite  bed,  28  metres  thick,  consisting 
of  layers  of  kieserite  MgSO^.H^O,  alternating  with  layers  of  magnesio-potassic  chloride, 
the  proportion  of  kieserite  being  greatest  in  the  upper  part.  The  average  composition 
of  this  bed  is  65  per  cent.  (£loride  of  sodium,  17  kieserite,  16  magnesio-potassie 
chloride,  and  2  anhydrite. 

4.  CanialUte  btd,  205  metres  thick,  containing  large  quantities  of  camaQite 
2KCI.MgClM  211*0,  especially  in  the  upper  part,  alternating  with  rock-salt  and  kieser- 
ite. Its  avorage  composition  is  65  per  cent,  camallite,  26  rock-salt,  16kieeerite»  and 
4  hydrated  cldoride  of  magnesium.  It  contains  also  a  few  thin  veins  of  tachydrite, 
CaCl*.2MgCl'.12H^O,  of  sy/vtneor  pure  chloride  of  potassium,  and  tuberosities  atb&racite, 
3MgO.B'0',  often  enclosing  nodules  of  camallite  or  tachydrite.  AU  the  salts  com- 
posing this  bed  are  very  deliquescent. 

The  composition  of  these  beds,  the  most  soluble  salts  occupying  for  the  most  part 
the  highest  positions,  leads  to  the  supposition  that  they  have  been  deposited  by  the 
gradual  drying  up  of  an  inland  sea  or  salt-water  lake ;  but  their  great  thickness,  and 
the  occasional  occurrence  of  veins  of  the  less  soluble  in  the  midst  of  the  more  soluble 
salts,  render  it  necessary  to  suppose  that  the  wat(»rs  of  the  lake  were  continually 
renewed,  either  by  the  products  of  the  solution  of  neighbouring  saline  deposits,  or  by 
the  waters  of  the  ocean  which  formerly  covered  the  plains  of  Northern  Germany. 

The  percentage  composition  of  pure  camallite  and  thatof  two  specimens  from  Stassfhitb 
as  determined  by  analysis — fl,  by  Rammelsberg  (Pogg.  Ann.  xciv.  608);  6,  by 
Oesten(t^tW.  zcviii.  161)— is  given  in  the  following  table ;  sdso  the  average  composition 
of  the  *' potash- salt"  supplied  to  the  works  for  the  extraction  of  chloride  of  potassium. 

Calculated.  Analjces.         Averagi' con- 

<■■  ■^  \    potitioo  of 

2KCl.MgCI«.19H30    a.  b.    **  poCafb.Mtt." 

Chloride  of  potassium      ....     26*88  27*44  24*27  16 

Chloride  of  magnesium   ....     34*20  3503  30*98  20 

Chloride  of  sodium .     .  4*82  26 

Chloride  of  calcium .     .  2*82 

Sulphate  of  calcium  (anhydrite)       .        ...  .     .  1*05 

Sulphate  of  magnesium .     .  .     .  10 

Ferric  oxide,  &c .     .  014)  „« 

Water 38*92  3763  35*92^  ^^ 

iob-oo  100*00  10000  too 

The  preparation  of  chloride  of  potassium  from  the  "  potash-salt  '*  depends  upon  the 
fact  that  camallite  forms  only  in  solutions  containing  excess  of  chloride  of  magnesinm, 
so  that  when  the  salt  is  dissolved  in  hot  water,  and  the  solution  is  left  to  cool,  no  double 
salt  separates,  but  the  more  soluble  chloride  of  magnesium  remains  in  solution, 
while  part  of  the  chloride  of  potassium  crystallises  out.  The  niother-h'quors  are  then 
further  treated  for  the  recovery  of  the  remaining  quantity. 

The  ••  potash-salt"  is  first  dissolved  in  cold  water;  the  solution  is  heated  by  a  steam 
pipe  conveying  st4>am  at  120°,  and  continually  stirred  by  revolving  arms,  to  facilitate 
solution ;  and  the  liquid,  after  standing  for  ten  hours,  is  decanted  from  the  insoluble 
matter.  The  clear  solution  marking  32°  B.  is  completely  saturated  with  chloride  of 
p'^tassium  and  chloride  of  mngnesium,  and  contains  also  small  quantities  of  chloride 
of  sodium  and  sulpliate  of  magm'sium.  Jt  is  transferred  to  a  series  of  crystallising  vessels 
in  which  crj'stals  are  deposited  containing  from  60  to  70  i)er  cent,  chloride  of  potas- 
sium, a  charge  of  20,000  kilogrammes  of  "potash-salt "  yielding  from  16,000  to  17,000 
kilogrammes  of  this  impure  chloride  of  potassium.  The  crystals  are  waxhcd  with 
water  to  remove  the  adhering  mother-liquor  and  the  chloride  of  magnesium,  after  whi^'h 
they  contain  80  per  cent,  chloride  of  potassium. 

The  mother-liquors  t^igether  with  the  wash-waters  are  concentrated  to  36*^  B. 
Chloride  of  sodium  is  then  deposited  while  chloride  of  magn«sium  and  chloride  of 
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potaMUin  ftrmaiti  i&  •ohttioti,  mid  hb  the  former  it  in  «zc«m,  tlio  solution  on  cooling 
QimmXM  eryitiili  of  MtiHeial  cumAUita,  whieb  are  treated  in  the  same  manner  a«  the 
onjRnal  pocafth*talt 

The  lalt  depo«ited  during  th«  concointration  of  the  aboTe*mflntionpd  motber-liquont 
containa  66  p«r  cvnL  chloride  of  iodium,  30  p^r  cent  magnefiio-potjisaic  tu1tmat<<. 
K^Mg^(SO*f.6WO,  and  dom  3  to  6  per  c«nu  cidoride  of  poinssium.  By  traahing  it 
on  cloth  llltara,  about  half  the  chloride  of  potaaaium  i»  n^moredf  and  the  wnah-watcra 
ar^  uaed  to  diasolte  a  freah  portion  of  the  "  potaah-salt.** 

Tba  mother-liquoM  n-maining  after  the  depoaition  of  th«  artifidal  caroallitc  conrain 
30' 2  per  cent.  chlorid«  of  magueaiam,  25  per  cent,  mdpbate  of  magneainm,  02  cMoriiin 
of  loaiQin,  23  chloride  of  potaatinm*  Thej  were  fbrraerlj  thrown  away,  but  are  now 
uaed  for  the  preparatioa  of  magneaium-salta. 

The  chloride  of  potaasium  sent  into  the  market  from  the  Doughia  works  at  Stassfurtli 
contains  82  00  pear  cent  pure  chloride  of  potamdum.  16*60  chloride  of  isodium,  0  50 
sntpbate  of  potaasiom,  060  iiulphate  of  magueaium  and  1*20  water.  The  laat  of  these 
JrapvLrities  is  the  moat  iqjuriouA  in  the  serwral  applications  of  the  »aJt. 

Other  potaa»ium-«altB  are  also  prepared  at  8ta«afurth.— L  The  chloride  is  converted 
into  e  n  1  p  h  a  t  <»  by  double  decomposition  with  lulphate  of  magnesium ;  but  the  mode 
of  conducting  the  proceas  is  kept  secret. 

2.  The  sulphate  is  confsirtea  into  carbonate  of  potassium  by  a  process  analo- 
goos  to  that  of  Leblanc  for  the  mannfticture  of  sodic  carbonate  (L  792) ;  but  thia  branch 
of  the  manufacture  has  hith<«rto  been  carried  out  only  on  a  small  scale. 

3.  Saltpetre  is|»ropared  from  the  chloride  of  pottLwium  by  double  decomposirJon 
with  nirrat4<  of  sodium  (see  NrriiATKS,  p,  100).  (For  further  detadls  see  Jonlin, 
BulL  Soc.  Chim.  1866.  i.  323,  401.J 

The  rc^sidue  left  on  dissolring  the  crude  potash-salt  in  water  (p.  718)  conaista  of 
20  to  30  per  cent  kieserite,  Hg'dOMIK),  60  to  76  chloride  of  sodium,  and  10  to  15 
per  ccQt  insoluble  subataocea.  It  is  used  for  the  manufacture  of  sulphate  of  sodium. 
(See  SuLFHaTSSw) 

IV,  From  FKLSpan  airo  oth»r  Shjcatbs. 

Fuchs  was  the  first  to  attempt  the  extractioD  of  potash  from  the  felnpars  and  micas 
by  calcining  th*'m  with  lime,  and  then  lixiriating  tne  firit  Numerona  processes  hare 
be*»n  publish P<1  since. 

I.  To  obtain  tbealkali as  hydrate  or  carbonate  of  potassium.  Lawrence  hnatn 
the  mineral,  throws  it  into  water,  and  grinds  it  to  a  0ne  powiier.  which  is  mixed  with 
dump  BJtwdufit,  piled  up  in  heapa.  with  alternate  layers  of  stntw,  and  watered  now  and 
Ihtn  with  urinv  or  other  nitrogenous  liqaida  These  heaps  are  allowed  to  ferment 
during  e\%  months,  then  mixed  with  thick  cream  of  lime,  and  made  into  bricks  which 
are  ciilcined  at  a  high  tempenitnre.  On  lixiriation,  the  potash  diasolTea,  whihit  the 
silicate  of  calcium  remains  b<  hind  as  rcjiidne. 

Ill  Hhck's  and  Heyer's  processes,  which  are  nimikr  to  each  other,  an  intimute  mix- 
ture of  100  pts«  of  felspar  and  from  139  to  1B8  pta,  of  lime  is  heated  for  some  honrs 
at  a  temp'  tuture  between  a  hnp;ht  red  and  white  hea^  then  ground  to  powder,  and  boiled 
fmm  two  to  four  hours  under  a  pres«UTe  uf  eight  atmospheres  ;  a  caajjtb?  Ije  fri^e  from 
lime  and  containing  all  the  aotln  and  from  0  to  1 1  per  cent^  of  |iotash  (of  the  wi-ight  of 
the  mineral )  is  thus  obUiinod.  This  lye  is  sntunited  with  carbonic  acid  and  evaporated, 
during  which  alumina  and  silica  are  first  precipitated,  after  which  the  carbonate  of 
soilium  salts  out,  Iftaving  the  carbonate  of  potasiium  in  solution. 

F.  O,  Ward  uses  fluor-^par  together  with  lime,  and  when  the  residue  is  to  ha 
employi'd  in  the  manufacture  of  cement,  adds  a  clay  rich  in  alumina.  The  proportion 
of  fluoride  of  calcium  he  recommends  to  be  about  7  or  8  per  cent,  of  the  mixttire,  which 
is  then  calcined  in  a  reverbf'ratory  furnace  at  a  bright  red  heat,  after  which  the  mwsa 
is  lixiviated  in  the  usual  manner;  the  liquor  is  boiletl  down,  &eed  teom  the  silica 
(aliout  26  per  cent.)  which  precipitates  on  treating  the  liquid  with  carbonic  acid, 
leaving  carbonate  of  potassium  in  solution. 

2,  To  obtain  the  alkali  as  sulphate  or  chloride  of  potassium,  Tikhman 
mixes  S  pta.  of  felspar  (containini;  16  per  cent  potash)  with  1  pt  of  lima  and  1  pL 
of  sulphate  of  calcium  or  barium  ;  grinds  the  whole  to  a  fine  powder ;  and  heats  the 
intiflUlta  mixture  to  bright  redness  for  about  eight  hours,  without  fusion  of  the  mass. 
Tilt  itsioephere  of  the  furnace  h:is  to  be  carefully  preserved  in  an  oxidising  condition 
by  the  admission  of  a  eufficient  qutintity  of  air.  The  mass  is  then  repeatedly  lixiriafpd 
with  hot  water,  and  the  s*>hition  of  »ulphate  of  pota'iBium  is  evaporatwl  (the  sulphale 
of  calcium  or  barium  wlijoh  deposits,  t>eing  continually  removed).  To  obtain  chloride 
of  potassium,  ground  pota^li  tV^pir  and  Ihe  chloride  of  either  i»odium,  cnJcium  or  iron 
is  heated  for  altout  »U  Uotira  lo  bright  reilneft»  in  an  iron  eylindt^r,  thti  heat  Wing  so 
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regulated  as  to  be  above  the  melting  point  of  the  chloride  employed,  but  below  that  of 
the  felspar;  the  charge  is  raked  into  an  iron  vessel  and  immediately  covered,  until 
quite  cool ;  the  mass  is  then  lixiviated,  and  the  chloride  of  potassium  obtained  from 
tiie  solution  in  the  usual  manner. 

3.  To  obtain  the  alkali  as  potash-alum,  Spreneel  mixed  the  finelv-ground  mineral 
with  strong  sulphuric  acid  to  the  consistency  of  a  thin  paste,  and  left  it  fhuB  for  two 
months ;  on  lixiviating  the  mass  with  a  large  quantity  of  water  and  evaporation  a 
pure  alum  of  the  usual  arstalline  form  was  obtained.  Turner  employed  sulphate 
of  potassium  instead  of  sulphuric  acid,  and  mixed  the  ground  felspar  witli  its  owu 
weight  of  the  sulphate.  This  mixture  was  thrown  on  t^e  white-hot^  inclined  bed  of 
a  reverberatoiy  fiirnace,  and  to  the  glass,  which  forms  and  flows  to  the  aock  of  the 
furnace,  carbonate  of  potassium,  equal  in  weight  to  the  sulphate  used,  was  gradually 
added.  This  operation  was  repeated  until  the  sock  of  the  furnace  was  filled  with  glass. 
On  boiling  this  glass  with  water,  two-thirds  of  the  silica  in  the  felspar,  in  combination 
with  part  of  the  potash,  was  dissolved,  and  a  porous  mass  was  left,  which,  when  bcnled 
with  ailute  sulphuric  acid  of  specific  gravity  1*20  in  leaden  pans  (160  lbs.  of  dry  add  to 
every  286  lbs.  of  felspar),  yielded  a  solution,  which  when  concentrated,  produced  atjstala 
of  alum.  To  obtain  carbonate  of  potassium  from  the  above  silicate  of  potassium 
liquors,  they  are  treated  with  carbonic  acid  to  precipitate  the  silica ;  to  obtain  caustic 
potash  the  same  liquors  are  filtered  through  a  bed  of  lime,  which  retains  the  silica. 

None  of  these  processes  have  however  yet  been  carried  out  on  the  manufiicturing  scale ; 
so  that  hitherto  the  immense  stores  of  potash  in  the  alkaliferous  rocks  have  been  only 
indirectly  available  for  the  purposes  of  industry,  namely  through  the  medium  of  plants, 
which  extract  the  potash  from  the  soiL  Mr.  Ward^s  process,  called  the  "  calcifluoric 
attack,"  seems  however  to  hold  out  the  best  promise  of  success.  The  addition  of 
fluor-spar  greatly  facilitates  the  decomposition  of  the  silicate,  and  enables  it  to  be 
eflTected  at  a  temperature  lower  than  would  be  necessary  if  lime  alone  were  used ; 
moreover  the  process  yields  the  alkali  at  once  in  the  caustic  or  carbonated  stati*, 
whereas  in  most  of  the  other  processes  in  which  an  acid  material  has  been  added  to 
facilitate  the  decomposition,  the  alkali  has  remained  in  combination  with  the  acid,  re- 
quiring a  subsequent  process  of  separation. 

V.  Potash  from  Wool. 

It  is  well  known  that  sheep  draw  from  the  land  on  which  they  graze  a  considerable 
quantity  of  potash,  which,  after  circulating  in  their  blood,  is  excreted  from  the  skin 
with  the  sweat  Chevreul  pointed  out  that  this  peculiar  compound,  which  the  French 
call  "  suint,"  forms  no  less  than  a  third  of  raw  merino  wool,  from  which  it  may  be 
readily  dissolved  out  by  simple  immersion  in  cold  water.  In  ordinary  wool  it  is  lera 
abundant,  and  according  to  MM.  Maumen^  and  Rogelet,  the  potassic  sudorate  or  suint 
of  ordinary  wool  forms  on  the  average  about  14  per  cent,  of  the  raw  fleece.  Tin's 
compound  is  not  a  soap,  as  was  formerly  supposed,  the  grease  of  the  wool  (about  8^  prr 
cent.)  being  in  fact  combined  with  earthy  matter,  chiefly  lime,  as  an  insoluble  soap. 
The  soluble  sudorate  is,  according  to  Maumcn^  and  Rogelet,  the  potassium-salt  of  a 
peculiar  animal  acid  containing  nitrogen. 

Maumen^  and  Rogelet  recover  the  potash  from  this  compound  on  a  manufacturing 
scale.  The  wool  is  placed  in  casks,  pressed  down  as  much  as  possible,  and  cold  water 
is  poured  over  it  No  greasy  particles  es«ipe  with  the  brown  solution,  and  all  sand, 
&c.  is  retained  by  the  wool,  which  acts  like  a  filter.  The  solutions  (of  specific  gravity 
1-10)  are  boiled'  down  to  dryness;  the  sudorate,  which  has  the  appearance  of  l>aked 
molasses,  is  broken  into  lumps  and  calcined  in  retorts.  The  residue  is  lixiviated,  and 
the  liquors  boiled  up  to  30°  and  even  60°  B.  The  chloride  and  sulphate  of  potasaium 
crystallise  out  on  cooling,  and  the  mother-liquor,  when  boiled  down  to  dryness,  yields 
carbonate  of  potassium,  free  from  soda. 

The  production  is  generally  140  to  180  lbs.  of  dry  sudorate  of  potassium,  or  70  to  90 
lbs.  of  pure  carbonate,  and  6  to  6  lbs.  of  sulphate  and  chloride  of  potassium  from 
every  1,000  lbs.  of  raw  wool.  (See  Hofmann*s  Report  on  the  Chimical  Products  in 
the  International  Exhibition  of  1862,  p.  42.)  T.  R. 

POTATO.  Solanum  tuberosum. — Potatoes  (the  tubers)  contain,  according  to 
Hen  neb  erg,  Ann.  Ch.  Pharm.  Ixix.  336),  0*34  per  cent,  nitrogen,  and  75-80  per  ci'nt. 
water.  A  white  variety  analysed  by  Grouven  (Jahresb.  1867,  p.  620)  exhibited  the 
following  composition  :  a,  when  grown  with  mineral  manure ;  b,  with  manure  rich  in 
nitrogen. 


Water. 

Surch. 

Protein 
mibstance. 

Gum, 
Dextrin. 

Sugar. 

Fat. 

Extractive 
matter. 

Cellu- 
lose. 

A>h. 

a. 

76-40 

14-91 

2-17 

2-34 

016 

0-29 

1-70 

0-99 

100 

b. 

76-20 

16-68 

3-60 

1-29 

111 

0-31 

1-99 

1-03 

0-90 

I 


POTATO. 


721 


I      I  iig  ^  J.  J.  Pohl  (Wi«n,  Akad.  Brr.  rili.  42  ;  Jnhnab,  1B52,  p.  811),  tli« 
{»ereet!Ugr>  otdry  Bub»Unc«»  And  of  starch  in  potatoes  Taiicsi  with  tboir  irpecifle  graritj 
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Set  ftlso  Ludendorff  (DmgL  poL  J.  Ixr.  48),  and  Von  Balling  {GBkrungtchemk^ 
iu  54,  and  SuppL,  p.  43  ;  alAO  A.  Vogel  (Chetn.  C«ntr.  1862,  p.  334). 

A  ready  metKod  of  detenmniiig  th«  average  ip«dfic  gniTity  of  a  tamplp  of  potatoea 
ia  to  throw  a  number  of  th«m  (6—  12)  into  a  strong  solution  of  ooinmon  salt,  and  dilute 
the  li<jnid  with  water  till  some  of  thum  sink  in  it,  while  oth^n  float*  Th«  dilute  salt- 
•olution  has  then  the  mean  specific  grarity  of  the  eample»  which  may  accordingly  ba 
determined  by  the  bydrometer.  (Freieniue  aud  It.  Schnlze,  J.  pr*  Chem.  li. 
436.) 

On  the  QutritiTe  Talue  of  potatoea^  aa  compared  with  the  tnh«ra  of  otlicr  plants  lea 
1.  350,844;  ii.  710. 
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277 

4-94 

3-24 

5-60 

678 

Phosphoric  anhydride 

572 

892 

377 

6-67 

1143 

PoUah       ..... 

5347 

64  17 

55  61 

56-73 

53*03 

Soda.         ..... 

tmce 

twee 

trace 

trace 

trace 

Chloride  of  sodium    . 

trace 

truce 

trace 

tmce 

209 

B,  Inaoluble: 

* 

Calcic  carbonate 

0-84 

205 

302 

1*95 

2*29 

'  Magupsic  carbonate  , 
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7'62 

trace    1 
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trHce 

trace 

Silica 

Soluble  in  water,  par  cent. 

trace 
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100*00 

100-00 
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83-02 

8470 

84-02 

8616 

8666    1 

Inioluble 

16-98 

15*30 

15-96 

13  42 

13  34 

Bte  aUo  Analytai  b^  Q.  F.  Wali  (Jahieab.  1850,  Table  C.  to  p.  661).  For  a  com- 
paiiaoo  of  th«  lah  of  healthy  and  diaeased  potiitoes :  G  r  i  e  pp  nk  e  rl  (Ann.  Ch.  Pharm. 
Lux.  354;  JAhf«b.  1349,  p.  685);  also  O.  Kemp  (Chem.  Gaa.  1847,  pp^  69). 

The  IbUowiQg  tabl<^  exhioits  the  amount  and  composition  of  the  aah  of  the  sterna  and 
tuben  of  the  potato,  as  dHermin^  by  Way  and  O  get  on  (Journal  of  the  Boyal  Agri- 
cultural Society,  xi.  [2]  629  ;  Jahrcftb.  18^0,  Table  C  to  p.  661) ;  also  of  the  tubers  by 
J.  Moier  (J.  pr.  Chom,  hd.  321;  Jahreab.  1853,  p.  580),  and  by  SchaU-Fleeth 
(Fogff.  Ann.  xcii.  266 ;  Jahreeb.  1 854,  p.  665) ;  also  by  the  tatter,  of  the  pe«l  cut  from 
boileS  poiatoea ;  of  the  residue  (impure  cellulotw*)  obtAined  b^  washing  the  finely-ground 
potatoes  on  a  sieve  with  wtit^r ;  and  of  the  drieii  juice  obtained  by  washing  the  ground 
tubers  with  water,  Altering  quickly,  heating  the  h'quid  to  coagulate  ihe  albumin, 
separating  the  clear  juice  therefrom,  and  f^raporating. 

Vol.  IV.  3  A 
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PnMn  en>«niiients  tnadeb^  Nigeti  mnd  Poller  on  ih«  gi^wlhof  poUtoei,  Liebig 
(Ana.  Cb.  Jrbftrin.  cixix.  287)  conclude*  that  in  a  soil  cdntainiag  the  aT«rag6  amouot  at 
nitragen,  ammotiia  may  be  dispented  with  ag  a  eoofttituent  of  th«  manure  fur  potatoes, 
wtthouL  impairiiig  th^  crop  ;  that  for  a  aoiJ  rich  in  potash*  the  aiidition  of  phoiipbat«a 
is  abaoliitelj  necesianr,  and  in  a  loii  poor  in  pota«n  (but  containing  a  uufficieaoy  of 
pbocphoric  acid)  th«  addition  of  wood-ash  ia  ea««ntiul  in  ordrr  to  cnjiuro  an  increased 
production  of  tiie  lub»n.  Tbespexpprinienta  alao showed  that  when  potatoea  arf^  grown 
under  othtrwiae  equal  circumntiLnces,  in  pant,  either  in  ita  natural  ttat^  or  manured 
with  phoi^phonc  acid  and  ammonia*  two-thirdd  of  thi^m  became  putrid,  whercaa 
thoao  grown  in  peat  mix*»d  with  alkaline  phoaphatea*  carbonate  of  potaaaium,  and 
gjTpiUlD  were  perfectly  free  from  disease* 

The  jiiu'e  of  pjtatoes  contains  asparagin  and  malic  acid  (Hirscb^  Ann.  Ch,  Pharm. 
H.  34«;  Ludwig,  Arch.  Pharm,  [2]  crtt  10;  J»hresb.  1861,  p.  740).  Tho  aqueous 
extract  of  tho  tuben  contains  a  jfliict*ide  soluble  in  alcohoL     (Ludwig.) 

On  the  potato-dtaeaae,  toe  Jahreab.  1847—48,  p.  1 105;  1849*  p.  704  ;  1850*  p.  C43. 

90TAT<^«7AT«  Fresh  potatoea  contain,  on  the  average*  0*73  per  cent,  of  fat 
extractable  bv  ether,  abont  half  that  quantity,  but  of  different  constitution,  existing  in 
the  peeL  when  the  juit'e  of  braii*^  potatoes,  from  which  the  starch  has  settled 
down,  ia  heated  to  iKjiling*  albumin  and  fat  separate  outf  and  the  latter  may  b« 
cxtraetod  by  ether.  Peeled  potatoea  thus  treated,  yield  a  comparatively  light-coloured 
solid  fat:  tinpeeled  potatoes  a  dark  liquid  faL  By  eraporating  the  ethereal  solution, 
Lherii  are  obtained  from  peeled  potatoes :  a.  White*  fdender,  stellate  needles,  which  turn 
brown  at  270^,  without  melting,  are  not  safNjniflable,  reaemble  auberin,  and  contain, 
on  the  aTernge,  71-34  percent  C,  10-8  H*  and  15  58  O. 

L  The  niother-lit^uor  leaves  when  emporated  a  joUow  buttery  fiit,  consisting  of  a 
mixture  of  fatty  acids*  free  from  glyceriaea,  and  easily  soluble  in  aqueous  carbonate  of 
Bij^iiuni.  This  fat  melu  at  42o'',  contains  between  70'5  and  75'8  percent.  C,  10  7  and 
117  H,  and  ajters  quickly  in  eontuct  with  the  air.  Ey  saponilication,  di*com position 
with  liydrofhloric  acid,  and  solution  in  iMueous  alcohol,  it  yields  i-rysuiU  of  fatty  acids 
melting  at  62".  On  dtsRolring  these  in  alcohol*  and  mixing  the  nolntion  with  a  smalt 
quantity  of  neutrul  acetate  of  lead*  thin  laminte  crj'stallise  on  c«x)ling*  from  which  an 
acid  mnlting  at  50*^  may  bo  separated.  The  mother-liquor  mixed  with  a  large  quantity 
of  noutral  acetate  of  lead,  yiehls  the  lead'^alt  of  an  acid  melting  at  5-i°*  The  acid 
melting  at  50*^^  Eichhorn's  sotanoMtrarua  acid,  is  difficult  to  cryEtaJliee  ;  its  silver-salt 
eo«tii ini!  5105  per  cent.  C*  8-86  H,  698  0*  and  33*  11  Ag*0*  ogreeing  ap^iroximately 
with  the  formula  C**H*AgO*.  This,  or  a  simikrly  constituted  acid  (73  79  per  cent. 
0.  12  52  H.  and  74'63  C.  1309  H),  ia  likewise  obtained  by  the  distilbition  of  poUto- 
fat.     It  is,  according  to  IfeinUt,  a  mixture  of  palmitic  and  myristic  urids. 

c.  Unpeeled  potatoes*  cut  in  ilices,  dried  at  100"^,  puWerised  and  exhausted  with 
alcohol,  yield,  after  evaporation  of  the  alcoboK  an  extract,  from  which  ether  diisolTea 
a  brown  ijrrupy  faL  On  dissolving  this  in  potash-ley,  separating  it  out  again  witk 
acid*  and  mixing  it  in  alcoholic  solution  with  ammonia  and  chloride  of  barinmi  barium- 
salts  of  the  above  mentioned  solid  futty  acids  are  precipitated,  while  £ichhom*i  so/aji- 
cieic  acid  remaini  disitolved,  and  may  be  cbtainea  by  evaporation  as  a  viscid  barium- 
snlt,  from  which  alcoholic  hydrochloric  acid  Bepamtea  the  acid  still  colonretl  brown. 
This  solanoleic  acid  is  not  converted  into  elaidic  acid  by  nitrous  acid,  and  is  but  par* 
tially*  or  not  at  all,  pr<*cipitated  from  its  alcoholic  solution  by  alcoholic  neutral  acetate 
of  lead  It  occurs  also,  though  in  smaUer  quantity,  in  the  fat  of  peeled  potatoes. 
(Eichhorn,  Pogg.  Ann.  Ixxxrii.  227.) 

POT&TO  rvaiSXi^OXS..    See  Pt7SBi^ou.  (ii.  753). 

POTSTOlf  £  or  Lnj'Ui  oUarif,    A  term  applied  to  the  ooanor  gtanular  Tarieriea  of 

steatite,  of  dork  cob  ur,  and  more  or  leea  impure, 

VQTTKR*B   crn^T.     See  CtAT  (L  1024). 

VOTTBST.      8eo   Ur^*  Dictionary  cf  Art»t  Manufacturu  and   Mine*  (iii 

485—509). 

POinrmA*    Syn.  with  Borax. 

FOmtPSXra.  A  black ish- red  colouring  matter  contained  in  the  aediment  of 
old  winf.«*.  It  ia  insoluble  in  water,  soluble  in  strong  sulphuric  acid,  and  is  precipitated 
therffirom  on  addition  of  water;  soluble  in  150  pts.  of  alcohol  of  80  per  cent.;  less 
soluble  in  stronger  alcohol*  quite  insoluble  in  ether.  (BatilliftV  TVotlJ  #iir  te*  Vint 
d£  la  France) 


i 


F01Xn)lUit>       »^<'e    n  INFO  WOE  R. 

FOWLER  or  A%e,^kmo7M« 


Frecipitatad  oxychloride  of  antimony  (i.  327 
3a  2 


724  POZZUOLANA—PREHNITE. 

POZKUO&AWA.    Pozzolana.     Puzzolana. — ^A  volcanic  product   oocmring  near 

PozEuoU  between  Rome  and  Naples;  also  in  other  countries  in  the  neighbonrliood  of 
extinct  volcanoes,  in  the  Auvergne  district  for  example.  It  is  a  geej  or  Tellowisli- 
brown  mass,  having  a  fine-grained  or  earthy  fracture,  and  forms  one  of  the  beat 
materials  for  mixing  with  lime  for  the  preparation  of  hydraulic  mortar,  for  which  pur- 
pose it  was  used  by  theEomans.  The  Italian  pozzuolana  contains,  aooording  to  Ber- 
thier,  44*5  per  cent,  silica,  15*0  alumina,  8*8  lime,  47  magnesia,  12*0  ferric  oxidc^ 
1-4  potash,  4*1  soda  and  9*5  water. 

FXA8B.    A  leek-green  variety  of  massive  quartz. 

FSASBOCOBA&T.  When  diy  roseo-cobaltic  sulphate  (1.  1053)  is  slowly  heated 
to  the  melting  point  of  lead,  till  it  acquires  a  purple-lilac  colour,  the  residue  then 
dissolved  in  hot  water,  and  the  purple-red  solution  mixed  with  excess  of  hydrochkrie 
acid,  an  orange•<^oIoured  precipitate  is  formed  containing  luteo-cobaltie  sulphate  and 
chloride,  while  the  supernatant  liquid  contains  luteo-oobaltic  and  purpureo-oobaltie 
chlorides,  together  with  a  leek -green  crystallisable  salt,  the  base  <n  which,  not  yet 
examined,  is  designated  by  Gibbs  and  Qenth  (Jahresb.  1867,  p.  237),  as  praseo- 
cobalt. 

A  hydrous  dichroite  from  Brakke  in  Norway  (iL  321). 

A  cupric  phosphate  from  Libethen  in  Hungary,  chemically  identical 
with  phosphochalcite  (p.  661).  (Church,  Chem.  News.  x.  217;  Jahresb.  1864, 
p.  862.) 

PKA80CB&0MCB.  A  dull  green  incrustation  consisting  of  calcic  carbonate 
coloured  by  chromic  oxide,  formed  on  the  island  of  Scyro  by  the  alteration  of  chromic 
iron.     (Landerer,  Dana's  Mineralogy,  p.  501.) 

PBBCZPZTATB.  This  term  is  applied  to  any  solid  matter  sep»arated  from  a 
state  of  solution  by  the  action  of  heat,  light,  or  chemical  reagents,  in  contradistinction 
to  a  deposit  or  sediment,  which  consists  of  solid  matter  merely  suspended  in  a 
liquid,  and  settling  down  when  left  at  rest  For  the  methods  of  collecting  and  washing 
precipitates,  see  Dbcantation  (ii.  808),  and  Filtration  (ii.  648). 

FBBCTVZTATBt  WUITM.  A  pharmaceutical  name  of  certain  ammoniacal 
chlorides  of  mercury ;  chloride  of  mercummmonium,  Hg'^*N*Cl*, being  called  fusible 

white  precipitate,  and  chloride  of  dimercurammoninm,  rfg*H*N*Cl*  infusible 
white  precipitate  (iii.  916). 

PXaozvZTATB,  &BB.     Red  oxide  of  mercury. 

P&BBAZKZTB.  A  kind  of  bitter  spar  mixed  with  brucite  from  Predazzo  in  the 
Southern  Tyrol.  Hardness  »  5.  Specific  gravity  »  2 '634.  According  to  J.  Roth 
(J.  pr.  Chem.  Iii.  346),  it  contains : 

CO*.  CaO.  MgO.         FeO>.  APO».  SiO«.  H«0. 

a.  27*46         33-53         23*27  2  88         328         10  26     »     100*68 

&   33-36         46-67         1454  0*48  6-96     »     102 

a  may  be  represented  by  the  formula  Ca''CO*.Mg'TlK)« ;  h,  by  2Ca''C0».Mg'H«0«. 
(Dana,  ii.  457.) 

FBaO&ATTZTB.  A  green,  fine-scaly  micaceous  mineral  from  Pregratten  in 
the  Pusterthal.  Specific  gravity  «  2*895.  Hardness  «-  3.  Contains,  according  to 
Oellacher  (Jahresb.  1862,  p.  747),  4465  percent.  SiO«,  40*41  A1«0«,  1*71  K«0.  7  06 
Na«0,  0-84  FeO,  052  CaO,  037  MgO,  010  Cr«0»  and  504  water,  whence  Oellacher 

deduces  the  formula  2  |J[5q^|  SiO«.3(2Al*0'.3SiO*),  regarding  the  other  constitu- 
ents as  adventitious.  Eenneott^  on  the  other  hand,  regards  the  water  as  essential 
According  to  Rammelsbeig,  the  mineral  is  probably  identical  with  the  paragonite 
of  St  Qothard,  which  contains  46*81  ner  cent  SiO',  4006  APO',  with  a  tsuce  of  ferric 
oxide,  0-65  MgO,  126  CaO,  0*40  Na«0,  with  a  trace  of  potash,  and  4*82  water. 


Koupholite.  Edelite.  ChUtonite. — A  hydrated  silicate  of  alumi- 
nium and  calcium,  occurring  in  trimetric  crystals,  having  the  axes  a\  bic  «  0*66963 
:  1  :  1*19036.  Angle  ooP  :  ooP  =  96«  56' ;  oP  :  Poo  »  146^  11^'.  Ordinary  combi- 
nation 00 P  .  ooPoo  .  ooPoo  .  6Poo  .  oP  ;  also  with  6P,  2P,  §Poo  and  jPoo  .  Cleavage 
basal,  distinct.  The  mineral  occurs  also  renifbrm,  globular,  and  stalactitic,  with  a  crys- 
talline surface,  imperfectly  columnar  or  lamellar  structure,  and  strongly  coherent ;  also 
compact  granular  or  impalpable.  Hardness  «=  6  to  6*5.  Specific  gravity  »  2*8  to 
2-953.  Lustre  vitreous,  pearly  on  the  basal  faces.  Colour  light-green,  passing  into 
white  and  grey,  often  fading  on  exposure;  streak  uncoloui^.      Subtranspaivnt  to 
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•iiblmtiiilucent.  Fracture  uit^vc'D.  Somewhat  brittle.  Pjrro«l«clric-  It  aivM  off 
wiiW  when  heated  and  melt*  before  the  blowpipe  to  a  whit t'  or  jellowijih  glaMi. 
Many  vorietie*  (koupboHte)  blacken  when  beiitcd,  and  giveoff  aaempmumaticodoar^ 
but  ultimately  burn  whitp.  It  is  alowlj  attadwd  by  hydrochlorio  acid,  but  gelatiniife* 
aaailj  therewith  if  previoiuly  Ignited  or  fuaed. 

AnMljftfs.^n,  Frgm  South  AMca  (KUproth,  BammeUber^t  Mtmrakhimir,  p. 
782V—*.  From  Mont  Bbinc:  KtmpkoliU  (Waluiitedt,  Bers.  Jahrwb,  v,  217).— 
I?.  BoQig  (fOiiMiiia  ID  Daaphiujr  (Regnault,  Add.  Mid,  [3]  ztv.  164). — d.  Dumbartoii 
De»r  GluegDw  (WaltnBt«dt),— r.  Edelfdrs  in  Smiland:  Eddiie  (Walmstedt).— 
/  RadaatJi&l  in  th«  Harz  ;  iugabbro  (Atuolun^,  Pogg*  Ann.  Ijrriit.  612).  -^.  Riadea 
loi  Cippwea,  Chile  (Do meyko,  Aon.  Miu.  U]  ix.  3). — A.  Nied^-rkirehrn,  in  Rhcniali 
BftTaria:  in  the  form  of  iina]rim«>  (O.  Lvonhard,  Pbcg,  Ann.  Uv.  479). — *.  From  th« 
tame  locality,  in  the  Ibrm  of  laumuntit«  (Blum's  Lfimkardite)  (Leon hard): 
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Thca*  amdys***,  neglecting  the  first,  agree  Ufurlj  wilb  the  forranb  2(Ca'*0.8iO*>. 
Al*0*.SiO'.H'0,  which  r^quirea  4i'28  per  cent  silica,  24^0  iiJumina,  2082  limi'  and 
4  30  water. 

Fpehnil*;  oceuni  in  granite,  gneiiii^  and  trap- rock,  «peeiallj  in  the  ln»L  It  waa 
fint  fouml  at  tl^o  Cape  of  Oood  Ho}>c  by  Colonel  Prehn.  HandiMiDic  polii^hed  fiLibs  of 
it  have  been  cut  from  maiaes  ini|>ortcd  from  China.  It  tometimee  occurs  altered  to 
gr«'«'n  eurlh  and  iVlspur.     (Dana*  ii.  314* ) 

»gliyXTOlP.  A  mineral  i^xtomiilly  resembling  prehnito,  occurring  in  tlin 
homVfU'Tide  nxck  between  Kingsberg  and  thi?i  Solherg  in  Sweden*  It  melu  bt-fore  tt>e 
14owpip6  to  a  wtiite  enumel,  and  i*  easily  uttrtcktHi  by  acids.  Contains,  according  l<> 
Biomutriind  (J.  pr,  Chem.  Ixvi.  167),  6fl(H>  per  cent,  ailicu,  22*45  aluminH,  I  01 
ferrouA  oxide^  0'18  manganoua  oxide,  779  lime,  036  magnesia,  ID'Olsoda,  0  48  {^lotaush 
and  1  04  water  (-  99-36), 

F&UCDXA*  The  oah  of  the  aeveml  parta  of  Primula  farinosa,  gathered  uMff 
Ansbttch  in  tbe  mtmnier  of  1863,  ban  b«en  analysed  uudar  Wittitein' a  diroctioai 
(Ann.  Ch.  Pharm.  eriiL  203 )»  with  the  following  resulta  : 
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0-43 
0-20 
7-99 
277 
698 
864 
1709 

100  oo 
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100*00 

100*00 
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The  composition  of  the  ash  ol  the  entile  plant  was  calculated  fi^m  that  of  the  seterit 

p.irts. 


r*    A  cryBtAllimible  subetance  obtained  from  the  root  of  the  cowslip, 
Pnmuia  wrii.     (Hiint;fcldt,  J.  pr.  Chem«  vii  68.) 
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PRXWCVS  MBTA&.    An  alloy  of  copper  and  nne  (il  47). 

PSZVTXira,  cnnKZCAX.  Under  thii  head  wa  ahall  treat  of  eertaia 
modes  of  printing  depending  on  chemical  action,  namely  lithographic  and  BinoQg;raphie 
printing. 

lUtliograpby  (from  \i9os  and  ypd^^iu)  is  the  art  of  drawing  on  atone ;  and  litho- 
graphic printing  is  the  taking  of  impressions  from  such  drawing.  Ita  invention  ia  doe 
to  Alois  Sennefelder,  who  was  bom  at  Prague  in  1772, bat  practiaedbia  art  chiefly 
in  Munich. 

The  stone  used  in  lithography  ia  a  fine-grained  limestone  containing  abont  97  per 
cent,  of  caldo  carbonate,  with  small  quantities  of  silica,  alumina,  and  oxide  of  iitm. 
These  stones  are  found  in  considerable  quantity  along  the  banks  of  the  Danube,  near 
Pappenheim ;  the  best  qualities  are  procured  from  the  quany  of  Solenhofen.  They  re- 
semble in  their  aspect  the  yellowish- white  lias  of  Bath;  they  should  be  free  from  rwm, 
fibres  and  spots,  hard  enough  to  be  scratched  only  with  difficulty  by  a  atcel  point,  and 
splinters  breaking  from  them  should  exhibit  a  conchoi'dal  fracture.  To  render  a  atone 
fit  to  receive  a  drawing,  its  surface  is  ground  with  fine  sifted  sand  and  water. 

The  drawing  is  made  with  a  crayon  called  lithographic  chalky  composed  of  soap,  wax, 
and  tallow,  with  a  quantity  of  Uimp-blaek  sufficient  to  giro  it  a  dark  tint.  Now  when 
traces  are  made  on  the  stone  with  this  soapy  compound,  a  double  decomposition  appeal* 
to  take  place  between  the  oleate  and  stearate  of  sodium  in  the  soap  and  the  carbonate  of 
calcium,  resulting  in  the  formation  of  oleate  and  stearate  of  calcium  and  carbonate  of 
sodium.  The  fatty  calcium-salts  thus  produced  are  insoluble  not  only  in  water,  but 
likewise  in  oils,  both  fixed  and  volatile. 

The  drawing  being  completed,  the  stone  is  prepared  for  printing  by  a  proceea  called 
"  etching,"  which  consists  in  floating  a  mixture  of  gum-arabic  and  dilate  nitric  acid 
upon  it,  whereby  the  portions  of  the  surface  untouched  by  the  grease  become  coreied 
with  an  insoluble  compound  of  gum  and  lime.  The  action  in  this  part  of  the  ptoeees 
is  somewhat  obscure,  but  it  is  probable  that  the  nitric  acid  dissolves  the  superficial 
particles  of  the  stone,  and  the  resulting  solution  forms  with  the  gum  an  insoluble  gum- 
mate  or  metagummate  of  calcium  (ii.  954).  One  thing  is  certain,  that  the  gum  becomes 
firmly  fixed  on  the  stoue,  and  cannot  be  removed  even  by  repeated  washing  with  water. 
The  nitric  acid  also  acts  upon  the  chalk  by  laying  hold  of  the  alkali,  ana  setting  the 
fatty  acids  free. 

The  stone  thus  prepared  is  next  washed  with  water,  to  dissolve  off  the  excess  of 
gum  and  the  nitrates  of  sodium  and  calcium,  and  afterwards  with  oil  of  turpentine, 
which  removes  the  excess  of  grease  from  the  drawing  and  renders  it  nearly  inTi5ible. 
The  fatty  calcium-salts  formea  by  the  action  of  the  soap  on  the  c;\rbonate  of  calcium, 
are  however  insoluble  in  the  turpentine  and  remain  imtouched ;  and  on  subst-quentiy 
wetting  the  surface  of  the  stone  with  water,  and  passing  over  it  a  roller  covered 
with  printing  ink,  composed  of  linseed  oil  and  lamp-black  (iii.  273),  the  ink  adheres 
to  those  parts  of  the  surface  where  these  fatty  salts  are  situated,  while  the  n*maining 
portion,  which  has  been  acted  on  by  the  gum,  does  not  take  up  the  printing  ink,  be- 
cause tlie  fatty  acitls  of  the  linseed  oil  are  incapable  of  decomposing  the  compound  of 
lime  and  gum  with  which  those  portions  are  covered,  and  mechanical  adhesion  is  pre- 
vented by  the  film  of  water  on  the  surface.  The  drawing  is  thus  brought  to  light  again 
with  all  its  original  distinctness,  and  impressions  of  it  may  then  be  taken  off  on  paper 
by  passing  the  stone  under  a  press. 

This  view  of  tlie  lithographic  process  represents  it  as  depending  altogether  on  a  series 
of  chemical  actions.  It  is,  however,  more  commonly  supposed  that  the  fatty  matter  of  the 
lithographic  chalk  simply  adheres  to,  oris  partly  absorbed  by,  the  porous  surface  of  the 
limestone ;  that  the  parts  thus  penetrated  readily  take  up  the  printing  ink ;  and  that  the 
adhesion  of  the  ink  to  the  other  portions  of  the  surface  is  prevented  by  the  interposition  of 
a  film  <.»f  water.  But  if  this  explanation  were  correct,  a  plate  of  alabaster,  or  sandstone, 
or  porous  earthenware,  or  any  other  stone  capable  of  receiving  a  granular  surface^,  ought 
to  be  available  for  lithi»graphy  as  well  as  limestone,  whereas  it  is  well  known  that 
carbonate  of  calcium  ia  the  only  kind  of  stone  that  will  answer  the  purpose :  moreover, 
the  mechanical  theory  of  lithography  takes  no  account  of  the  peculiar  action  of  the 
gum,  which  appears  to  be  an  essential  fixture  of  the  process. 

Any  kind  of  fin«'-grained  limestone  maybe  used  for  lithography;  marble  will  yield 
impressions  when  treated  as  a>>ove;  but  its  crystalline  structure  prevents  it  from 
taking  the  proper  grain.  The  preference  given  to  the  stones  of  Solenhofen  and 
the  neighbouring  localities  is  owing  to  the  closeness  of  their  texture  and  to  their 
occurrence  in  sla))s  of  every  required  thickness  parted  by  regular  seams,  which 
renders  the  quarrying  comparatively  easy:  stones  requiring  to  be  sawn  into  slabs  would 
be  too  expensive. 
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We  now  proceed  to  give  «  Blunt  account  of  th«  Turioiis  mctthcKU  of  writing  or  draw- 
tog  upon  stone  toteoded  to  print  ^ni» 

Cb«lk  drawings  we  executed  on  a  etone  to  wbicli  a  granular  iurfAc«  has  bei^n 
gireo  with  a  aolid  ppncit  (lithogmphic  chalk),  th<«  acttr«  part  of  which  consiet«»  as 
almady  nimtionfd,  of  grease,  or  obic  and  afcearie  adds.  Thia  chalk  can  be  modified  froai 
bard  to  soft  in  different  degrees,  to  allow  of  ita  bf^tng  cut  to  a  fine  point,  or  in  th« 
•ofler  state,  to  be  wed  with  doth  or  Iralh^r  stamps ;  it  maj  alao  be  dissoiTed  in  sptrita 
of  tuipentine  or  alcohol^  and  appJi*^^  to  the  tione  with  a  brush. 

Lithographic  ink  is  but  a  modification  of  the  ebalk,  mAde  to  flow  moire  easily 
when  di«solvod  tn  wnt^ir,  b«ing  intf^nded  to  be  nspd  with  Ane  steel  pens  or  fine  aable 
bnuheft,  that  will  draw  a  hair  line.  In  a  pen  and  ink  drawine  thei»e  Imes  must  be  solid, 
that  is  drawn  with  the  ink  in  its  fullest  density  consistent  with  freelj  flowing  from 
the  pen ;  the  same  with  the  fine  brtifih.  Tht<  mk  ran  aJso  bo  diseolred  in  diff<Ti'nt 
de^recM  of  density  to  produce  with  larger  bru^hefi,  lighter  or  darker  waehee  or  tinte. 

The  solid  chalk  or  liquid  ink  may  also  bo  pasned  orer  the  whole  surbce  of  •  atont«, 
•0  as  to  render  erery  part  artractire  for  printing  ink,  and  the  dzawing  is  then  worked 
«iit  from  the  black  hj  rfmoving  the  chalk  or  ink  with  a  sharp  point  that  will  m&ko 
irhite  lines  (enniaing  the  tttone),  or  with  a  fiat  scraper,  which  on  a  grained  surface  will 
piodiiee  A  gradation  of  tints. 

Biffrumng  oa  itone. — ^The  stone  when  polished  is  first  r^ndcrrd  nctn-Httraetire  for 
pea^ie,  by  preparing  the  surface  with  a  solution  of  gum  and  nitric  uci'l,  and  when  it 
IS  dry,  the  lines  are  cut  through  this*  preparatiun  with  a  sharp  nei'dlc  or  diumood 
potBtf  wheroby  the  natural  stone  is  exposed ;  oil  or  other  fst  is  then  made  to  ent<^r  the 
cut^  reodering  the  line  attractive  for  the  printing  ink,  whereas  it  can  be  wiped  off  from 
the  re^et  of  the  surface.  The  stone  can  also  be  drawn  upon  with  a  solution  of  gum  and 
acid,  to  which  some  colouriug  mutter  has  been  added,  to  enable  the  draughts uitvn  to 
judge  of  the  effect  When  the  drawing  ia  dry,  li^juid  ink  or  chalk  is  pasfted  over  it, 
which  will  render  the  parts  of  the  sur&ce  not  covered  by  the  gum  attractive  for  lh*» 
printing  ink. 

These  etzamples  will  show  in  how  many  different  ways  fatty  matter  and  gum  can 
be  made  to  combino  with  the  lime  of  the  etone^  and  how  the  Uthogmphio  process  can 
be  Taried.  It  is  to  these  peculiar  adrantaees  that  Sennefelder*s  invention  owes  its 
wide-spread  application,  botn  for  oommoreiiu  purposes  and  as  one  of  the  Imndmuids 
of  the  fine  arts. 

Comjxmtwn  of  lAthogra^hic  Chalk, 
82  parts  of  Beeswax. 

4      „       Tallow  (purifledX 
84      „        8onp. 
1       ,,        Nitrate  of  potaasiuis.  dissglved  in 
8       „        Wafer, 
6       „        Lamp-black. 

Q^mfotition  of  Litho^rapkie  Ink  : 


forPem. 


32  parts  of  Beeswiix. 


18^ 

n 

Tidlow  (purified). 

16 

II 

Soap  (Marveillea). 

33 

It 

Shellac. 

4 

•1 

Carbonate  of    eodinm,* 
solved  in 

8 

II 

Water 

6 

*t 

I^mp-black. 

dis- 


fifr  Sritsk, 

16  parts  of  Beeswax. 

16 

16 

16 

4 

4 


Tallow  (purified). 

Soap. 

Shellac. 

Mastic. 

Carbonate    of     sodium,  dia- 
solved  in 

Water. 

Lamp-blaek. 

Permanent  UfHd  Ink  for  Autograpkie  wntinff:  5  pta.  of  soap^  8  masfk,  10  shellnc, 
I  rosin,  1  lamp-blnrk,  3  c&rl>onate  of  sodium  (rendered  caustic  and  disKxlved  in  4  pts. 
water).  Dissolve  the  whole  in  16  pta.  water,  adding  more  wat^  if  nececaary  to  make 
the  ink  flow  easily.  Autographic  drawing  or  writing  is  executed  on  a  prepared  paper 
and  then  transferred  to  the  stone. 

Cliroiiiotltliograiiliy,  Drawing  and  printing  in  colours  from  stone.  In  this  ap* 
plitjation  of  the  art,  the  plati'S  of  limestone  offer  peculiar  advanlaees,  especially  for  the 
reproduction  of  the  painter's  work,  as  the  various  modes  in  which  the  drawing  mate^ 
rials,  as  chalk,  ink,  gum,  &c.,  can  be  applied  to  the  surface  of  the  stone  enable  ihe 
lithographer  to  approach  very  doaely  the  effect  and  handling  of  a  painting  in  oil  or 
water  colour. 

*  Or  belttrr.  th«  tAUnc  quiihtUi'  CQnvvrteil  1d(o  CAUitk  aoda^ 
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For  the  production  of  a  chromolithograph,  a  sucoession  of  impressioxu  is  applied 
to  a  sheet  of  pkte-paper  from  a  number  of  Btones  on  which  are  <Lniwn  in  analvsia,  as 
nearly  as  possible,  the  various  colours  and  tones  of  the  original  of  which  the  chromo- 
lithograph is  intended  to  be  a  copy.  One  of  the  great  difficulties  of  the  process  is 
that  nearly  eveiything  has  to  be  drawn  with  the  ordinary  saponaoeons  black  dbalk 
and  ink. 

To  copy  a  picture  or  drawing,  and  to  make  all  the  different  colours  correspond,  m 
careful  tracing  is  made  with  lithographic  ink  upon  transparent  transfer  paper,  or  npon 
a  sheet  of  gelatin ;  this  tracing  is  transferred  to  a  stone  called  the  "  keystonep"  and  finom 
this  stone  impressions  are  taken  which  are  set  off  in  the  press  on  as  many  stones  as 
will  be  requii«d,  the  number  varying  according  to  the  subject,  twenty  and  even  thirty 
being  found  sometimes  necessary  to  produce  the  proper  enect  The  printing  in  oolonn 
is  effed^  in  the  same  manner,  and  depends  on  the  same  principles,  as  Uie  production 
of  a  black  lithograph,  the  various  pigments  being  ground  up  with  thickened  linseed 
oil,  and  the  resultmg  oil-colour  spread  evenly  upon  the  leathern  rollers  with  which 
the  drawing  upon  the  stone  has  to  be  charged.  To  secure  an  exact  a^juetment  of  all 
the  colours,  the  stone  to  print  from  and  the  sheet  of  paper  to  print  upon,  are  accurately 
and  securely  fixed  into  a  registering  frame  which  forms  part  of  the  press. 

Uaoograpliy.  Fatty  substances  act  upon  zinc  and  other  easily  oxidable  metals 
much  in  the  same  manner  as  upon  limestone,  forming  salts  which  are  insoluble  in 
water.  A  drawing  may  be  made  on  a  zinc  plate  with  the  same  chalk  or  ink  that  is 
used  for  drawing  on  stone,  and  the  remaining  parts  of  the  surface  may  be  rendered 
non-attractive  for  printing  ink  in  a  similar  manner,  excepting  that  the  solution  of  nitric 
acid  and  gum  usea  for  the  purpose  must  be  mixed  with  a  concentrated  decoction  of 
nutgalls.  When  the  plate  nas  been  covered  for  a  short  time  with  this  solution,  the 
parts  not  constituting  tne  drawing  lose  their  metallic  lustre  and  assume  a  brown  tint^ 
and  in  that  state  are  incapable  of  taking  up  printing  ink.  The  mode  of  printing  is  the 
same  as  from  stone. 

Other  metals  give  similar  results  with  more  or  less  distinctness ;  but  none  are 
found  to  be  so  well  adapted  for  chemical  printing  as  the  stone  plates  of  Solenbofen. 

M.  H. 

PSOPA&AVZVB.    C<H"NO*  =  Mtthalanine,  C'H*(CH')NO*  «  Amidobut^ic 

acid,  C«H'(Nn»)0«  -  Oxyhutyramic  acid,  {Cm*Or\^,    (R.  Schneider,  Ann.  Cb. 

Pharm.  Suppl.  ii.  70;  Jahresb.  1861,  p.  469.) — ^A  compound  produced  b^  heating  bro- 
mobutyric  acid  with  aqueous  ammonia.  It  crystallises  from  alcohohc  solution  in 
stellate  or  furcate  groups  of  small  laminae  and  needles,  which  when  dry,  yield  a  dazzling 
white  satiny  powder,  unctuous  to  the  touch.  It  is  inodorous,  has  a  sweet  taste,  and  is 
neutral  to  vegetable  colours.  It  dissolves  in  about  3*5  pts.  water  of  medium  tempera- 
ture, is  very  slightly  soluble  in  cold  alcohol,  and  requires  550  pts.  even  of  boiling  alco- 
hol to  dissolve  it ;  quite  insoluble  in  ether.  It  is  not  decomposed  by  cold  aqueous 
potash,  but  gives  off  ammonia  abundantly  when  fused  with  hydwte  of  potassium. 
When  cautiously  heated  in  a  tube,  it  molts  and  sublimes  partly  undecomposed ;  but 
when  quickly  and  strongly  heated,  it  turns  brown  and  carbonises,  emitting  vapours 
which  have  an  alliaceous  odour  and  alkaline  reaction. 

Propalanine,  like  its  liomologues,  unites  both  with  acids  and  with  bases.  The  kpdro- 
chlimitc,  C*H*N0*HC1,  crystallises  in  tuftaof  very  soluble,  pointed  needles  ;  the  nitrate, 
C*H*NO'.BLNO*,  in  fern- like  groups  of  silky  needles,  easilv  soluble  in  water  and  alcohol, 
and  having  an  acid  reaction.  A  solution  of  2  at.  propalanine  in  1  at.  sulphuric  add 
dries  up  to  a  viscid  mass ;  but  with  twice  that  proportion  of  acid,  the  neutral  sulphate^ 
(C*H*N0')'.H2S0*,  is  obtained  in  colourless,  easily  soluble,  concentrically  grouped 
needles.— A  h  ad-compound,  C"H'«Pb"N*0*,H*Pb*0*,  is  obtained  as  a  white,  crystalline, 
sparingly  soluble  powder,  by  prolonged  boiling  of  aqueous  propalanine  with  leSaid-oxide. 
— The  silver-compound,  C*H*AgN0*,  obtained  in  like  manner,  crystallises  on  evapoia' 
tion  over  oil  of  vitriol  in  small  crystals  which  are  quickly  blackened  by  lights  and 
decompose  at  100°. 

Schneider  thinks  it  probable  that  propalanine  may  occur  in  the  animal  organism 
associated  with  leucine, 

PSOPAROYZiZC  BTBEm.  (Liebermann,  Zeitschr.  Ch.  Pharm.  1864,  p. 
746.) — When  tribroraide  of  allyl  is  digested  for  some  time  with  alcoholic  potash,  the 
alcohol  distilled  therefrom  yields  with  ammoniacal  silver-nitrate  a  white  precipitate,  con- 
taining rijTp  ( 0,  and  regarded  by  Liebermann  as  the  silver-salt  of  an  ether  to  which 
he  gives  the  above  name.    The  silver-compound  treated  with  a  solution  of  iodine  in 
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iodide  of  poUwium,  jiold«  an  iodatt^d  oil,  p,,*,  i  0.  fmm  which,  by  nddition  of  iodine 

ftnd  of  brotninr,  the  componniU,  ^.jp  [O,  and  ^^  ti|  [0,  rnny  bo  obtAUi«d.  Tho 
eotrvvpoodiiig  metbyl^campoanda  are  formed  in  like  maRtier. 

y»0>M»TiW«-a>ggOf*     A  reitin  obtiiin«d  from  Cu€Ufim  Pra^i^tum,     (Seo 

CucuMis,  li,  172,) 

FmOFIOVAikSn>B.    CH^O  -      ^    [  N.^tYodaced  by  the  action  of  am* 

moDiii  on  propionate  of  ethjL  It  b  decomposed  by  heiiting  with  poUaaium,  yieldiitg 
cyanide  of  potaiMium,  hydrogen,  and  earburetted  hydrogen.  By  dietillution  with  phos* 
phoric  anhydride,  it  i»  conTcrted  inta  cyanide  of  ethyl  or  propionitrile.  CH^N  » 
C*H'NO  _  H*0.     (DuniaB,  Mttliiguti  nnd  Leblanc,  Compt.  rend  x*r.  667.) 

H^d^ochloratt  of  Propionatnidt,  C^H'NO.HCl,  }«  obtained,  together  with  other  pm- 
dncta,  by  the  action  of  moi at  chlorine  on  propioniirile  (p.  73Q).  It  forma  ool&udpsa 
eryitids  folubte  in  water  and  in  alcohol,  io«uluble  tn  anhydrous  ether.  VCh&n  heated 
un  platintmi'foiU  it.  rolatiliies,  gi^ng  off  irritating  rapoura.  With  platinic  chloride,  it 
j-idda  ehloropUtiuate  of  ammODium.     (R  Otto,  BixU.  Soc  Chini.  1866,  L  291.) 

Dickloropropionamidf,  C*H*C1*N0. — Prodti(?ed,  together  with  dichloropropio- 
n  it  rile,  by  the  action  of  dry  chlorine  on  propionitrile^  On  iubjecting  the  resulting 
liquid  tijt  the  action  of  a  fi'emng  mixture^  the  dichloropropionamide  separates  in  rrya< 
taU  which  may  be  purified  by  prf?HBure  between  bibnlotis  paper,  ciyataUisatton  frotn 
al>»oltite  alcohol,  and  iublimation.  It  then  form*  light  na^rKiiis  tcalee,  aoluble  in  water, 
aU*ohol  and  ether,  melting  at  110  5^  and  solidifying  at  80^.  Its  aqueous  solution  doea 
Dut  precipitate  ailver- nitrate.  It  diasdrefl  withovt  decern poaition  in  ammonia  and  in 
hydruchlorlc  add  ;  but  on  adding  platinic  chloride;  to  its  aalution  in  absclnte  alcoliol 
acidulAtt>d  with  hydrochloric  acid,  a  precipitate  of  cliloropUtinate  of  ammonium  ia 
furm<Hl,  containing  the  wholp  of  the  nitrogen  of  the  compound,  and  the  filtered  liquid, 
whirh  has  an  odour  of  mint,  depoeita  oily  drops  which  aolidify  to  cryKtals, 

WTien  dichloropn:>pionamide  in  boiled  in  water  with  m*»Tcnric  oxide,  the  latter 
dimiolTea,  and  the  hquid  on  coc»ling  deposits  the  compound  2C"H'Cl*N0.Hg''0,  in 
nodules  of  htird  white  needles,  soluble  in  boiling  w&ter  and  alcohol,  nearly  insoluble 
in  ether,  m^^lting  between  100=*  and  110^,  (Otto,  Rip,  Chim.  pure,  iii,  267;  Bull* 
Bite.  Chlm.  1865,  i.  293.) 

FSOFZOirs.     C^W^O  -   ^J^j  or  ^gl[  CO.— Discovered  by  Fremy  in  1836, 

and  caTVd  by  him  Mriatetornt,  It  is  Bometimes  culled  ethyl-propionyl,  baing  the 
ketone  rf  propionic  add.  It  is  furmed,  together  with  olbfr  products,  when  sugar, 
Nlitr(*h,  gum  or  mannite  in  distilled  with  e:xceea  of  lime;  also  m  the  destructiro  distLLla" 
tion  of  ItictHte  of  calcium. 

The  following  m*>thoda  of  obtjuntng  it  are  more  precise : — 
1.  Deatnictive  distillation  of   certain    propionates,    e.  ff,,    propionate 
(KorUy): 

2(C0.CH»){q.     _     CO}^,        CO,C^M 
Ba"      i"  B^i'S"^     ^  C*H*t 

Prnptooate  of  Carhonalp  of  Propionc. 


of  banwD 


iMirtQiii. 


Carhonalp  of 


2.  Action  of  ainc-eihyl  on  chloride  of  propionyl  (Frennd  and  Fabal): 

Zn*(C«H*)*   +   2C'H*0C1     -     Zn"Cl"   +   2(C»HK),C7H*), 

3.  Action  of  carbonic  oxide  on  sodium-ethyl  (Wanklyn)  : 

CO   +   2NaC*H*     -     Na«   ■¥  C0(C*Hy, 

Fropione  ia  a  cokniHess  mobile  liquid,  lighter  tlum  water  and  non-miseiUe  witli 
water,  but  freely  aoluble  in  alcohol  and  ether.  Ita  Rmell  resemblcfl  thai  of  »oetona 
Boiling  point  101*'.  It  differs  frum  many  members  of  the  ketone  &mily  in  not  being 
capable  of  forming  a  compound  with  acid  sulphite  of  sodium. 

According  to  Morley,  boiling  nitric  acid  cottv^rta  it  into  prypionic  acid,  thoro  being 
neither  nitro propionic  acid  nor  acetic  acid  producHl.  According  to  Chancel,  nitropro- 
pitinic  iicid  h  formed  by  the  action  of  nitric  acid.  Sulpbtiric  iuiid  and  diehromate  of 
potiiiwiura  oxidise  it  to  propionic^  acetic  and  carbnuic  acids  (Goltlif  b).  It  ia  hardly 
Htlacked  when  dropped  on  pititah  in  a  Btate  of  fusion,  there  being  truce**  only  of  propio- 
njite  of  potassium  furraetl  (Got  tlirbK  IVipione  is  iwjm  trie  with  valeral.  but  diners 
frr>m  it  in  \t»  relictions.  I'nliki'  vnhmL  it  given  no  coinpunnd  with  alkaline  sulphites 
and  no  valeritmic  acid  when  ojtidi^t^.  J,  A,  W, 

WnOTtOniC  AeZB,      Mttoittrnnitctd,  hUjffformk  acid,  *;'H*0%— The  third 
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acid  of  the  fatty  series^  discovered  by  Gottlieb  in  1844  among  the  producU  of  the 
action  of  caustic  potash  on  sugar. 

This  acid  is  of  little  importance  as  a  natural  product  It  \b  contained  in  emde 
oil  of  amber,  also  in  cocoa-nut  milk  after  it  has  turned  sour,  and  in  the  distillate  fivm 
some  of  the  wines  of  the  Bergstrasse  (Ghn.  ix.  p.  402).  B6chami>  (Complw  rend, 
liv.  1148)  has  found  it  in  spoilt  wine,  together  with  acetic  and  lactic  acid. 

1.  It  is  of  interest  as  being  the  first  organic  acid,  or  indeed  organic  compound, 
obtained  directly  from  carbonic  anhydride.  Carbonic  anhydride  and  aodinm-ethjl  give 
propionate  of  sodium  (Wan klyn,  1858): 

C0»  +  NaC«H»     -     ^^iJ^*|0. 

2.  It  stands  in  intimate  relation  to  lactic  acid,  being  related  to  that  acid  in  the 
same  manner  as  acetic  acid  to  glycoUic  acid.  In  order  to  render  the  conneetiaB 
between  these  compounds  intelligible,  the  following  formulae  are  conrenient: — 

Lactic  acid.  Propionic  add. 

0" 

(HO) 

I  (HO)  IHO 

Propionic  acid  then  is  lactic  acid  in  which  one  atom  of  peroxide  of  hydiogen  hai 
been  exchanged  for  one  atom  of  hydrogen.  And  lactic  add  may  be  conTerted  into 
propionic  acid  by  first  replacing  one  atom  of  its  peroxide  of  hydrogen  by  chlorine,  then 
replacing  this  chlorine  by  means  of  nascent  hydrogen  (Ulrich) : 

Lactic  acid.  Chloropropionic  acid.  Propionic  aekL 


C* 


Propionic  ac 
iHO 


H« 

(HO)  ^ 

(HO) 


H« 

CI  ^ 


H* 
O" 
H 
HO 


I  (HO) 

"By  using  hydriodic  acid,  lactic  acid  may  be  at  once  converted  into  propionic  acfd. 
(Lautemapn.) 

3.  A  third  general  reaction  for  the  production  of  propionic  acid  consists  in  the 
double  decomposition  between  cyanide  of  ethyl  (propionitrile)  and  water.  This  trans- 
formation may  be  effected  either  by  boiling  the  cyanide  of  ethyl  with  potash -ley 
(Dumas,  Malaguti  and  Leblanc),  or  with  a  mixture  of  1  pt.  of  oil  of  >'itrioI  and 
2  pts.  water  (Frankland  and  Kolbe).  Both  these  reagents  cause  the  cyanide  to 
decompose  water : 

C«H»N   +  2H»0     -     C«H»O.H.O  +  NH». 
When  potash  is  used,  it  reacts  on  the  propionic  acid  and  the  ammonia  is  free ;  when 
oil  of  vitriol  is  used,  it  acts  on  the  ammonia  and  the  propionic  acid  is  free. 

4.  A  fourth  general  reaction  which  yields  this  acidisthat  of  Harnitz-Harnitzky, 
who  exposes  hydride  of  ethyl  and  chloride  of  carbonyl  (phosgene  gas)  to  the  action 
of  soulight,  and  obtains  chloride  of  propionyl  and  hydrochloric  acid : 

C0C1«    +    C«H«     -     ^%T^*1    +  ^^ 
Chloride  of  propionyl  and  water  give  propionic  acid. 

5.  A  fifth  general  reaction  is  the  oxidation  of  propionic  aldehyde,  which  thereby 
becomes  propionic  add : 

It  is  worthy  of  remark  that  acetone,  which  is  isomeric  with  propionic  aldehyde,  does 
not  give  propionic  acid  on  bein^j  oxidised  (Dumas  and  Gottlieb).  Bromacetone, 
however,  is  converted  into  propionic  acid  (or  perhaps  isopropionic  add)  by  oxide  of 
silver  in  presence  of  water : 

2C*H*BrO  +   AgK)   +   H«0     -     2AgBr  +  2C»H«0«; 
and  acrylic  acid  C»H*0*  is  converted  into  propionic  acid  by  simply  taking  up  2  at 
hydrogen  under  the  influence  of  sodium-amalgam.   (Linnemann,  Ann.  Ch.  fharm. 
cxxv.  307.) 

Tlift  foregoing  methods  of  making  propionic  acid  are  examples  of  the  five  general 
methods  of  forming  the  acids  of  the  fatty  series.  From  the  circumstance  that  common 
alcohol  is  the  particular  alcohol  of  which  propionic  is  the  derivative,  and  that  so  common 
an  acid  as  lactic  acid  is  the  corresponding  diatomic  acid,  it  comes  to  pass  that  propionic 
acid  i«  the  best  acid  of  the  scries  for  illustrating  the  employment  of  these  general 
methods. 
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To  Ibc  fbrvgoing  majr  alio  W  odder]  the  method  9Ufo^»ted  bjrK  «1U  (JahrcAb.  1861» 
p.  S69),  for  coQTfrting  the  acids  of  the  oxm^ic  feri«fl  into  «cidt  of  the  fatty  Buries, 
nii]n«lT,  by  dintillation  vich  hJdr^tt^  of  calcium.  Succinic  itcid  Uins  treated  doea  in 
fdct  yield  propionic  aeid.  according  to  the  equation  C*H*0*  =-  C»H*0*  +  C0»;  bnt 
the  quantity  obtained  is  very  small,  because  the  temperature  at  which  tbe  reactioa  takM 
plftM  is  veiy  near  to  that  at  which  the  propionic  acid  suffrrs  fn<-^^;r-  ^  -^impoaitioxif 
jidldlii^  lint  seetie  add,  and  afterwaidt  carbonic  anhydride  and  'U^ 

Tb«r«  iff  also  a  number  of  special  reactions  which  fuminh  pr^  ;  i,  but  they 

Tisld  it  mixed  vith  some  of  its  homologues.  When  sugnr,  mannite,  storcii  or  gum  is 
neated  with  caustic  potash,  thcw  is  formed  propionate  as  well  as  ac«*tate  of  potassium 
(Gottlieb).  Metacetone,  when  it  is  03cidised  with  chromic  acid,  also  girts  propionic 
and  acetic  acids  (Gottlieb).  Kedteobacfaer  has  observed  that  when  glycerin  is  treated 
with  yeast  and  kept  at  30^  to  4(P  Ibf  some  months,  it  yields  propionic  add,  little  or  no 
acetic  acid,  and  traces  of  formie  idd.  Ill  this  process  the  ftree  acid  was  neutralised  trvm. 
time  to  time.  According  to  Dobefdner,  glycerin  cires  thi«  acid  when  it  is  exposed  to 
the  air  in  contact  with  platinum-bhu^k.  Oleic  acid  distilled  with  nitric  acid  grtres  pro- 
pionic acid  and  a  great  numbmr  of  its  homolognes,  Cssetn,  fibrin,  and  regetable  fibrin 
distilled  with  peroxide  of  manganesft  and  dilute  sulphuric  acid,  gtr^  small  qnantitiea 
of  propionic  acid.  The  patrefiustion  of  peas  or  lentils  under  water,  the  dry  distiUation 
of  beeswax,  the  oxidation  of  the  more  Tolatile  dibtillate  ftom  rape-oil  by  me«us  <rf 
nitric  acid,  alto  the  oxidation  of  tutpentine  by  nitric  acid,  give  propionic  add.  Tbn 
Tt^Utile  oil  of  asafcctida  and  oil  of  mustard  also  yield  this  acid  on  oxidation*  Wbao 
citrate  of  lime  Is  fermentfd  with  decaring  cheeae,  or  when  sugar  is  fermented  in  contaei 
with  chcc^is  and  chalk,  propionic  acio  is  likewise  formed  (see  Gm.  ix.  4<)S)i. 

Lastly,  propionic  aci J  i»  formed  by  the  action  of  hydno<iic  acid  on  pyroracemie  acid 
(Wisiicenus,  Ann-  Ch.  Pharm.  cxxri,  226:  JahrcA.  1863,  p.  37i) : 
C"H'0"   +   4HI     -     C*HH>»   +   H--0   +   2P. 

Prtpttration^ — I,  Mrtncctone,  which  ts  prepared  by  the  destructive  distillation  of  a 
mixtuje  of  sngar  with  lime,  is  allowed  to  run  into  a  liirgo  retort  containing  dichromate  of 
pofaninm  ana  dilute  sulphuric  A<nil  When  the  ftforvcscencc  caused  by  tlie  formation 
of  earbonic  acid  is  over,  the  distillation  h  commenced  ;  undecom poised  roet4vcetonc  goea 
OTcr  ftzBl,  then  the  receiver  should  l»e  chang*>d,  and  the  acetic  and  propionic  adds 
ooUoctad,  The  separation  of  the  acetic  acid  is  munAged  thus.  The  mixed  acids  are 
neiltfnllaed  with  carbonate  of  sodium,  and  eTaporuted  down  to  crystuUise;  whertupi>a 
tlia  aeetate  of  sodium  crystallines  out,  tearing  the  propionate  in  solution.  The  pro* 
pionate  of  sodium  is  finally  distill^  with  eutphoric  acid*  whereupon  propionic  acid 
diatiU  OT«r.     (Gottlieb,  Ann.  Ch.  Pharm.  lii.  121  et  ^.), 

A  better  way  of  separating  the  acetic  add  is  by  th*  •     "  "^     '  Vj  p]^j,  (%f 

fractional  saturation  (i.  250).     The  mixtni  acetic  and  ^  be  partly 

saturated  with  potash  and  then  distilled  ;  acetate  of  poi^^s^vuiu  lur  u  i  .-uy^xiu^  Uhind  and 
pn^pionic  acid  pasaes  orer. 

2.  It  is,  bowcTar,  better  to  employ  a  prooesa  of  prepamtion  which  does  not  inrolTe 
the  reparation  of  homologucs.  The  cyanide  process  answers  Tery  welL  Cyanide  of 
ethyl  is  added  by  drops  to  moderately  strong  potash-ley  heated  in  a  tubulxited  rHort, 
thi*  distiUato  being  repeatedly  poured  back  so  long  as  it  smelli  of  cyanide  of  ethyl. 
The  re«idue  in  the  retort  is  then  evaporated  down  to  drjTiess  and  distilled  with  syrupy 
pliospboric  acid  (Dumas).     (See  also  Williamson,  Fhil.  ^f » g.  [  4]  vi.  205. ) 

3.  Now  thm  both  sinc-ethyl  and  sodium  are  tolerabty  chenp,  the  method  of  actinB 
upon  sodium-ethjl  with  carbonic  anhydride  has  become  quite  prttcticabie  as  a  mode  <3 
preparation-  The  details  of  the  operation  are  as  follows  : — Ten  part«  by  wciglitof  pure 
zinc-ethyl  and  one  part  of  sodium  are  shaken  up  together;  sine  then  separates  and 
sodium-ethyl  dissolved  in  sine-ethyl  is  produced.  Mercury  is  next  added;  it  takes  up 
the  finely  divided  cine,  and  there  result  a  lower  laysir  containing  tine  and  mercury,  and 
an  upper  layer  of  clear  liquid  which  is  sodium-ethyl  together  with  adnc-ethyb  Carltonto 
anhyoride  is  next  paasea  into  the  apparatus,  and  combines  with  tlio  sodtum-elhvl ; 
and  the  solid  product  of  the  reaction,  after  being  treated  with  moist  ether,  and  then  with 
waler.  ib  Enally  evaporated  to  dryness  and  distilled  with  syrupy  phosphoric  add  ov 
sulphuric  acid. 

Lauteraann^s  method  of  decomposing  lactic  acid  with  hydriodic  aod  is  also  practi- 
cable  as  a  mode  of  preparing  propionic  add. 

Proptriifg, — According  to  Dumiis,  pure  dry  propionic  sdd  is  a  solid  at  ortlinary  tem* 
peratures.  It  boils  at  140*^,  and  mixes  with  water  in  aU  proportions.  Propionic  acid 
floats  on  pho*»phorjc  ncid  or  on  nolmion  of  chloride  of  caldam.  Redt*'nbachfT,  who 
oUtained  his  acid  by  fermentinR  glycerin,  maintains  that  propionic  acid  is  not  indefi- 
nitely soluble,  even  in  water,  but  tb«t  wheti  it  is  mixeil  with  a  little  water,  a  portion 
of  the  propionic  add  acporates  and  floats  on  the  squeoua  solution  of  the  acid.     This 
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obBervation  requires  confirmation,  inasmuch  as  it  is  quite  possible  that  Redtenbacbei's 
add  contained  traces  of  butyric  acid  op  a  higher  homologae.  The  smell  of  the  aqueoiu 
fiolution  of  propionic  acid  is  very  peculiar.  J.  A.  W. 

Propionates.  C*H'MO'  and  C«H'«M"0^— These  salta  are  soluble  in  water  and 
mostly  crystallisable ;  according  to  Dumas,  the  alkaline  propionates  are  nnctuoua  to 
the  touch. 

The  ammonium'SaU  is  converted  by  phosphorons  anhydride  into  propionitrile, 
C»H*(NH*)0*  -  2H*0  =  C*H*N.— The  |)o^a **itt«i-* a/ <,C"fl*KO«,  forma  white 
pearly  laminse.  The  sodium-salit  C'H*NaO^HK),  dries  up  to  an  amorphous  mass 
very  soluble  in  water.  An  aceto-propionate  of  sodium,  CH'NaO*.C»H*NaO*.|H*0,  was 
once  obtained  by  Gottlieb  in  delicate,  shining,  very  soluble  needles. 

Propionate  of  Barium,  C^H'^Ba^O*,  crystallises  in  monoclinic  prisms  ezhibitiDg 
the  combination  ooP  .  ooPoo  .  oP  .  +  Poo  .  -  Poo .  Angle  oP  :  +  Poo  s  186®  4' ; 
oP  :  -  Pao  «  136«  32';  ooPoo  :  +  Poo  «  about  133°;  ooPoo  :  -  Poo  -  IZ39  ZS; 
ooP  :  ooP  «  97°  30';  ooPoo  :  ooP  «  181°  16';  +  Poo  :  ooP  =  116°  26';  -Poo  : 
ooP  -117°  36'.  (Provostaye,  Compt.  rend.  xxv.  782).  It  is  very  soluble  in  water, 
and  the  solution  yields,  by  spontaneous  evaporation,  lar^  veiy  regular  crystala  of  a 
prismatic  salt  containing  C«H'«Ba''0*.HK),  which  gives  oflf  ite  water  at  100°.  (Wright- 
Bon,  PhU.  Mag.  [4]  vi.  88.) 

The  calcium^salt  ci^stallises  by  spontaneous  evaporation  in  tufts  of  long  prisma 
containing  C*H'<'Ca"OMl  O.  They  retain  their  water  of  crystallisation  even  when 
dried  over  oil  of  vitriol,  but  give  it  off  at  100°  (Wrightson).  Strecker  obtained 
the  anhydrous  salt  in  silky  scales. 

Cuprie  propionate,  C*H'*Cu''0'.H'0,  obtained  by  neutralising  the  aqueous  acid 
with  carbonate  of  copper,  forms  very  regular  green  octahedrons,  sometimes  with  eabe- 
faoes.  It  dissolves  in  water  with  moderate  facility,  and  is  easily  obtained  in  crystala 
by  spontaneous  evaporation.  The  crystals  dried  over  oil  of  vitriol  retain  1  at  water, 
which  goes  off  at  100<'(Wright8on).  According  to  Nick  16s  (Compt  chim.  1849, 
p.  848),  it  cnrstallises  in  small  oblique  prisms  very  soluble  in  alcohol  but  very  spaiinfflv 
in  water.  Hented  to  100°  in  a  current  of  dry  air,  it  gives  off  its  water,  together  with 
a  certain  quantity  of  propionic  add.  If  from  this  point  the  temperature  be  smd- 
denly  raised  to  auU  redness,  the  decomposition  proceeds  rapidly,  with  evolution  of 
combustible  gases  which  carry  away  a  portion  of  tlie  salt.  The  products  of  this  distil- 
lation are :  an  odoriferous  liquid  composed  of  propionic  acid  and  an  oily  body  insoluble 
in  water ;  carbonic  anhydride  and  a  hydrocarbon ;  and  a  residue  of  metallic  copper 
and  charcoal 

Propionate  of  Lead,— The  solution  of  this  salt,  which  has  a  sweet  taste,  dries 
up  without  yielding  crvstals,  to  a  white  mass,  which  when  dried  at  100^  contains  63*4 
percent,  oxide  of  lead  (Frankland  and  Kolbe).  According  to  Strecker,  it  forms 
needles  containing  OH**Pb"0*.Pb''0.  This  formula  requires  77*6  per  cent,  lead-oxide. 
Chloride  of  barium  added  to  a  tolerably  concentrated  solution  of  propionate  of  lead, 
forms  at  first  a  somewhat  copious  precipitate  which  disappears  on  agitation ;  if  the 
addition  of  the  chloride  be  continued,  a  point  is  at  length  attained  at  which  the  pre- 
cipitate no  longer  redissolves ;  if  the  liquid  be  then  fitered,  and  left  to  evaporate) 
cldoride  of  lead  separates  at  first,  and  afterwards  magnificent  limpid  crystals  which 
appear  to  belong  to  the  dimetric  system.  They  dissolve  readily  in  water  and  produce 
^rratory  movements  on  the  sur&ce  of  that  liquid.  They  contain  4-16  to  3*88  per  cent, 
chlorine,  35-96  to  3670  lead,  and  2432  to  24*2  barium.  (NickUs,  Ann.  Ch.  Phann. 
Ixi.  843. 

Propionate  of  Silver,  C*H*AgO-,  is  obtained  by  adding  nitrate  of  silver  to 
the  concentrated  aqueous  solution  of  the  sodium  salt  as  long  as  a  precipitate  is  formed, 
boiling  the  precipitate  in  the  liquid  till  it  dissolves,  whereupon  some  of  the  silver 


but  at  100°  it  suffers  partial  decomposition  and  becomes  black-biown.  At  a  higher 
temperature,  it  melts  quietly  and  bums  away  without  noise  (Gottlieb).  When  the 
precipitate  is  dissolved  in  boiling  water,  the  greater  part  of  it  decomroees ;  and  the 
crystals  obtained  from  the  solution  decompose  when  heated,  giving  off  acid  vaponrv 
(Guckelberger).  According  to  Frankland  and  Kolbe,  it  forms  small  crystalline 
laminae,  which  either  in  the  dry  state  or  in  solution,  blacken  when  exposed  to  light 
or  heat«d  to  100°.    It  is  less  soluble  in  water  than  the  acetate. 

When  propionic  acid  is  warmed  with  carbonate  instead  of  oxide  of  silver,  an  acid 
silver-milt  appears  to  be  formed,  and  crj'stals  may  be  obtained  containing  C*H*AirO*. 
C»H*0«.    (Wanklyn.)  ^ 
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AeettfpropumaU  qf  Sii^ftr,  C*H"AgOlC"IPAgO^  u»  iifuducinl  hy  Wi\h)%  mttxi^  ol 
iiilrer  iritik  a  miitiire  of  aoetste  and  propiotiate  of  ^udiutn,  TUi!!  fiU^rfd  •olulion  ou 
eooUng  depcMiita  Lheduuble  salt  in  arboret^L^eut  groups  of  Mhimugnwdle*.  Tb^crysUU 
luHj  W  dned  at  100^  withoal  ultentioD  ;  thej  do  not  melt  At  a  «tix>fi|^r  heat  and  ura 
but  Klightly  soluble  in  water.  The  solution  bUckens  when  boiled,  from  disposition  of 
iDrtjUlic  iilvur 

Acrtopmpiouic  aeid  is  also  produced  by  Ih^^  fermcnration  of  eiilcic  dtnUie  in  conUci 
with  putnffying  curd.     (How,  Cbem.  Soc.  Qn,  J.  t.  I ;  Gm.  ix.  408») 

Subitiiutian-derivativeM  ^f  Prppionic  acid, 

mF^anapr&ptonUi  ftcM,  C*H*BrO*.*-IVodu«sd :  1.  By  hfwting  1  nt,  propioijii* 
add  with  t  at.  brominp  to  160^  for  several  dnyff,  aod  ixiUecting  fh«  prudui't  which 
passes  over  01)  fmctionjil  dietiilittion  br'twern  190^  and  210'  (Frifdel  and  Machnca, 
Cooipt.  read.  liii.  408  ;  Jabrrab.  1801,  p.  379).— 2.  By  the  lictiou  of  hydtubrvoiic  acid 
on  lactic  add : 

C»H'0»     +     HBr       =       C'H*BrO»     ^      H'O. 

When  lactic  acid  is  heated  to  180° — 20ip  in  a  stj«am  of  gaseous  bydiobromic  add,  a 
aoi&il  quantity  of  bromopropionic  add  distib  over;  but  a  Wttcr  mode  of  pTvpaiatioii 
is  to  heat  lactic  acid  witt  rather  mope  than  au  equal  rulnnio  of  cold  sattmitiKl  uquitoua 
liydfobromic  acid,  in  sealed  tubes  to  100°  for  seveml  days^  then  agitate  the  product  with 
•itber  firee  front  alcohol  and  distil  the  ethereal  solution.  The  portion  which  distils 
abcvTi  180^  yields  a  largi*  quantity  of  bromoproptoiiic  add.  8offietime««  however,  car- 
bonic oxido  is  furmt-d  ut  the  same  time  together  with  a  fragnnt  liquid  which,  when 
treated  with  alcoholic  ether,  yields  a  conndenbble  qnantity  of  ethylic  brooiopropiooittc. 
(Kekiil^  Ann.  Ch.  Phann.  cim.  11.) 

Bromopropionic  acid  prepurtd  from  lactic  acid  boils  at  202*'  (correcttKl  20/>  5')  nud 
solidifies  at  — 17*  to  a  padio'crj^talliue  mass.  It  ia  converted  by  ^otlium-^iJiiiifoam  mUt 
propionic  acid  (Kekol^),  and  by  l>oiling  with  nne-o^d/;  into  hwtic  acid  fFriedel 
andMachuca;  Keknl^).  When  heated  with  alcoholic  amnumiat  it  yielaa  alanitia 
together  with  bromide  of  ammonium  (Kekul^): 

(7H«BK)*     +     2NH>       *       C*H»NO«     +     KU*Br. 

BrotitopfO*  Alaniue. 

pfoolc  «cid. 

An  acid  called  ^rotni'/c>ntr  acfd,  harinff  the  coniposibonof  dibromopropionic  aeid^ 
C'U*Br^O\  b  produced  by  the  action  of  bromine  on  eitraconic  add  in  presence  of  ezoesa 
of  potash  (CahourH)^     See  CrraAOOinc  Acu>  (i.  993). 

ClilDraproplonfo  meld,  C'H'CIO'. — This  acid  does  not  appear  to  be  formed  by 
the  action  of  chlorin*'  on  propionic  acid,  but  i»  obtained  by  the  aettun  of  water  on 
chloride  of  lactylop  tliloride  ot  ehloropropionyl,  tC*H^O/"Cl'  or  C"H*i'IO.Cl  tiii^  466 >- 
It  is  leaa  volatile  than  propionic  add,  and  smells  like  tricjjloracetii;?  acid.  Nascent 
hydrogen  comrerts  it  into  propionic  acid  (p,  730).  it«  jr#/t"rr-WA  C'H*CIA|^*,  is  lesii 
voluble  in  water  than  the  propionate,  and  is  resolved  by  boiling  with  water  into ehloritle 
of  silver  and  lactic  acid.  The  Itad-mlt  ilecomposes  in  like  manner  ^U  Iri  ch,  Aon.  Ch* 
Phann.  cix.  271).  The  barium-fali,  C^H'Ba  C1*0*.  eraporated  with  chloride  of  itinc, 
ylddi  a  9tnc-*ait  having  the  properties  of  aarcoUctate  of  sine.  (Lippmann,  Ann.  Cb. 
Fharm,  cxxix.  81.) 

Respecting  ChloropropionaU       Mthyi^  see  PsoPioifio  Ethers. 

Zodoproplonle  aolil«  C^H^IO^.  (Beilstein,  Ann.  Ch,  Pharm,  cxx.  226;  cxxii> 
M<S :  Jahresb.  1861,  p.  668;  1862,  p.  244).— Proloct^d  by  the  action  of  iodide  of  pboe- 
phoriis  on  gljfceric  acid.  To  prepare  it,  62  cub.  cent  of  glyceric  add  having  a  deuidt j 
of  1*26  are  mixed  with  100  grms.  iodide  of  phoaphoras(add^in  three  separate  portionsl 
and  as  soon  as  the  action,  which  may  be  allowed  to  go  on  with  considerable  energy,  is 
complete^  the  residue  is  wasihed  with  ice>co!d  wafer,  till  the  water  runs  oflT  cotourlens, 
and  the  iodoprop^ionic  aeid  which  remains  in  cn'st^llbed  once  or  twice  from  boiling 
water.  The  portion  remaining  m  tlie  mother-Hquor,  may  be  extracted  hy  ether  free 
from  alcohol,  not  by  eyapoiation,  as  the  anneous  solution  is  decomposed  by  heat.  If 
ether  containing  alcohol  is  used*  ethylic  iodopropionute  v»  produced. 

lodopTopiouic  acid  forms  a  dazzling  white^  nscreous,  crystalline  mass  melling  at  82*^. 
It  is  easily  soluble  in  hot  water,  Tery  slightly  in  cold  water.  The  mother-hqaors  of 
the  acid,  when  slowly  ernporated  over  oil  of  vitriol,  depoHit  it  in  large,  well-developed, 
apparently  niLmcM^Iinic  ciystab.  The  aeid  dissolves  very  e-nsily  in  alcohol  snd  etber. 
hika  a  strong  acid  n  action,  and  decomposes  carbonales.  Hydrochloric  acid  gss  passed 
into  the  alcoholic  solution,  converts  the  add  into  the  ethylic  ether. 

The  salts  of  iodopropionic  acid  are  converted  by  boiling  with  water  into  metallic  iodide 
and  hydraerylic  acid  (iii,  177): 
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4C«H»I0«     +     3H«0       «       C'«H«0"     +     4HL 
lodopropionic  Hydracrylie 

acid.  acid- 

Wltroproplonlo  acid,  C»H»NO*  -  C«H»(NO«)0*.  (Chancel,  Ann.  Ch.  Pharra. 
lii.  295. — Laurent  and  Chancel,  [3]  vii.  355;  ziii.  462). — ^PrcKlnced  as  •  hearj 
yellow  oil  by  heating  butyral  or  butypone  with  nitric  acid,  and  precipitating  with  water. 
It  has  an  aromatic  odour,  a  very  arweet  taste,  is  dissolved  slightly  by  water,  and  in  all 
proportions  by  alcohol.  It  remains  fluid  even  at  very  low  temperatures ;  is  easily  set 
on  fire,  and  bums  with  a  reddish  flame. 

The  nitropropionatesare  generally  yellow  and  crystallisable :  they  all,  excepting 
the  ammonium-salt,  decompose  with  a  kind  of  explosion  when  gently  heated.  Mine^ 
acids  decompose  them,  precipitating  the  oily  acidL 

The  ammonium-salt,  C"H\NH*XNO*)'0».H*0,  may  be  sublimed  without  decomposi- 
tion. It  decomposes  spontaneously  when  kept  in  a  close  vessel,  yielding  a  gaseous 
and  a  liquid  product.  Sulphydric  acid  decomposes  it,  with  precipitation  of  sulphur  and 
formation  of  new  products.  The  potassium-salt,  CH*K(NO*)0*.H*0,  is  obtained  in 
fine  yellow  scales  by  dissolving  the  acid  in  alcoholic  potash.  It  gives  off  its  water 
at  140^,  and  decomposes  with  explosion  at  a  few  degrees  higher.  It  diasolves  ia 
20  pts.  water,  but  is  nearly  insoluble  in  alcohol. — The  copper-saJt  is  a  dirty-green  pee- 
cipitate.— The  lead-salt  is  a  yellow  precipitate.— iSi7i;<fr-«a/^,  C»H*Ag(NO'')0«.a«0, 
When  a  solution  of  the  potassium-salt  is  mixed  with  nitrate  of  silver,  a  yellow  preci- 
pitate is  formed,  probably  consisting  of  a  basic  salt;  for  on  boiling  it  with  water,  ozida 
of  silver  is  deposited,  and  there  remains  in  solution  a  silver-salt^  which  crystallises  in 
rhomboi'dal  plates,  and  has  the  composition  above  indicated. 

VSOPXOirXC  A&BBBTBB.    C*H«0     -»    C"H*O.H.     Hydride  of   Propionyl. 

Metacetic  Aldehyde.  Propylaldid. — This  compound,  discovered  in  1847  byGuckel- 
berger  (Ann.  Ch.  Pharm.  Ixiv.  39),  is  produced  :  1.  Together  with  several  other 
aldehydes  and  acids,  by  distilling  casein,  albumin,  or  fibrin  with  sulphuric  acid  and 
peroxide  of  manganese,  or  sulphuric  acid  and  potassic  chromate  (Guckelbcrffer). — 
2.  Together  with  butyric  aldehyde,  by  the  dry  distillation  of  a  mixture  of  calcic 
formate  and  butyrate  (Michaelson,  Ann.  Ch.  Pharm.  cxxxiii.  182). — 3.  Together 
with  butyric  aldehyde,  propionic  acid  and  butyric  acid,  by  distilling  tetrylic  (butylic) 
alcohol  with  sulphuric  acid  and  potassic  chromate  (Michaelson,  ibid,  cxxxiv.  69). 

Preparation. — 1.  By  distilling  1  pt.  of  dry  casein  with  3  pts.  of  peroxide  of  manga- 
nese, 4}  pts.  oil  of  vitriol,  and  30  pts.  water.  Skimmed  milk  is  left;  to  coagulate;  the 
curd,  fi:«ed  as  completely  as  possible  from  the  whey  by  washing  with  water  and  pressure, 
is  dissolved  at  60°  to  80°  in  dilute  sodic  carbonate ;  the  solutiou  is  maintained  at  that 
temperature  for  some  hours,  the  scum  thereby  formed  being  carefully  removed ;  the 
slightly  turbid  liquid  is  precipitated  by  dilute  sulphuric  acid ;  the  curd  repeatedly  stirred 
up  with  hot  water,  and  the  liquid  each  time  pressed  out  of  it,  till  the  water  runs  away 
quite  clear ;  and  the  resulting  casein,  which  contains  but  a  trace  of  fat,  is  dried. — 4*6 
pts.  of  oil  of  vitriol  are  next  diluted  with  9  pts.  water ;  the  mixture  is  cooled  to  60**  or 
40° ;  1  pt.  of  dry  casein,  pulverised  as  finely  as  possible,  is  gradually  added  to  it^  with 
constant  stirring,  till,  in  the  course  of  a  few  hours,  it  dissolves,  and  forms  a  brown  or 
violet  solution ;  and  the  remaining  portion  of  fat,  which  then  rises  to  the  surface,  is 
skimmed  off.  The  solution,  after  standing  for  a  day,  is  diluted  with  10  pts.  water,  and 
introduced  into  a  retort  large  enough  to  bold  twice  thfl  quantity  and  containing  1|  pt. 
mansanic  peroxide  ;  11  pts.  of  water  are  added  (making  up  the  30) ;  the  liquid  is  dis- 
tilled into  a  well  cooled  receiver,  as  long  as  any  odoriferous  products  pass  over ;  1^  pt. 
more  manganese  is  introduced  into  the  retort,  together  with  a  quantity  of  water  equal 
to  that  which  has  already  passed  over ;  and  the  liquid  is  again  distilled  as  long  as  the 
distillate  has  any  odour. 

The  strongly  acid  and  pungent  distillate  is  neutralised  with  chalk,  and  distilled  to 
one-half;  and  the  resulting  neutral  distillate  containing  acetic,  propionic,  butyric,  and 
benzoic  aldehydes  is  redistilled  into  a  well  cooled  receiver,  collecting  onlv  the  first  portion 
which  passes  over,  till  this  distillate  presents  the  appearance  of  a  milky  uater  covered 
with  yellow  oil,  becoming  clear  as  it  cools,  and  gradually  depositing  bitter  almond  oil 
To  separate  the  propionic  aldehyde,  the  milky  liquid  is  introduced  into  a  retort  or  flask, 
to  which  is  adapted  a  long  tube  slanting  upwards  at  first,  and  afterwards  conveying 
the  vapours  into  the  downwardly  inclined  condensing  apparatus,  and  heated  in  the 
water-bath,  at  first  only  to  40^ or  50°,  at  which  temperature  nothing  but  acetic  aldehyde 
passes  over,  whilst  the  propionic  aldehyde  condenses  in  the  upwardly  inclined  tube, 
and  fiows  back  again.  The  propionic  aldehyde  is  then  distilled  over  at  65°  to  70*^,  the 
first  portions  still  containing  acetic  aldeh^-de,  whilst  the  last  portions,  which  must  be 
collected  apart,  are  free  from  that  impurity,  and  have  a  pleasant  ethereal  odour  (at  a 
higher  temperature  the  butyral  passes  over,  and  above  100^,  the.  bitter  almond  oil). 
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The  di»ti!lntc  collected  l)*4ir#»en  66°  and  76°  i»  dehydntted  oror  eWorld*  of  calciam, 
ftod  rcdixlilled,  whefotipon  it  begiiu  to  boil  at  40^.  The  dl«^Ui«  collected  between  6i>^ 
and  7i!^  ii  tolerablj  pur«  propionio  aldehyde,  not  however  cxldbitiug  a  perfectly  coa^ 
Btjint  txtiling  puint. 

T}r«  fomnc,  acetic,  propionic,  bntjric,  ral^ninic,  («proic.  and  bcujEolc  aWdj,  likeiriao 
formr^t]  by  tho  oxidation  of  the  casein,  nimai»  in  the  r&tort  aa  cakiuro>«&lta  after  tho 
irolatilisHttoD  of  the  aldehjdira.    (Gnekclbi^rger.) 

2.  A  mixture  of  I  at.  cjilcic  form*t#  and  I  at.  calcic  bntyrate  yieldi  by  fcictional 
diHtilUtioii  a  prtxluet  whie)i»  after  being  u^-utRtliaed  by  oxide  of  lend  and  dried  by 
chiond©  of  ciLiciiim,  i«  rcaolred  by  fraciioDHl  distillation  into  propioQic  aldehydo, 
bailing  between  64^  and  63° ;  butyric  aldehyde  paMsiug  ovt-r  Wt ween  65^  and  90*^,  and 
ftniouatin^  to  about  two-thirttti  of  the  whole  ;  and  a  tftuall  qtiantity  of  a  liquid  boiling 
bt^tiTfen  tS^  and  £3^.    (MichaeUon.) 

3.  Wbc'U  12  pta.  of  pure  tKr>'lic  alcohol  are  added  by  small  portions  to  a  mixture  of 
20  pta,  ikulphonc  ttfid  and  16  pta,  of  ackl  potamic  chromate  dissolved  in  water,  tha 
mixture  becomes  hot  and  govern  olF  carbonic  anhydride,  io  that  ext(*mal  heating  ia 
required  only  lowardi  the  end  of  the  raactioiu  On  distlltmg  the  product,  propionio 
and  butyric  acid«  and  aldehydes  pass  otgt  below  lOO"^,  while  s  considerable  portion  of 
the  alcohol  remains  unattacked;  and  on  nautralising  the  acids  with  oxide  of  lead ^ 
dehydrating  the  liquid  with  chloride  of  caJcium,  and  sabniitting  it  to  fractional  distil- 
lation, the  propionic  uJdebyde,  which  constitutes  the  greater  part  of  the  product,  passes 
over  between  59**  and  6P.     (Micbaelson.) 

Propionio  aldehyde  is  a  limpid  neutral  liquid,  having  an  ethereal  odour,  Sp.  gr*  v 
0*79  at  15''.  Boiling  point  between  66°  and  66^  (Guokelberger);  64^  and  M^ 
(Michaelson).  Vapour-density,  oha.  ^  2111  (Guckelberger) ;  2*01  (Michaet- 
son);  calc  =  2'0l.  It  turns  acid  slowly  in  the  air,  mther  quickly  in  contnet  with 
platmuin-black(GDckelburger).  When  hinted  to  lOO*^  with  recently  precipitated 
Hihvr-oxide  and  a  little  water^  it  ia  oonvozted  into  propionate  of  nilver,  with  separation 
of  spocnlar  metallic  silrar: 

2C*H*0     +     3Ag»0       -       2C'H'AgO     +     H'O     +     Ag^. 

Tliis  character  dtstingmshcd  propionic  aldehyde  from  acetone,  with  which  it  is  isom^cu 
(Michaelson.) 

THbromopTftpionic  Atdekgdt^  C'H'Br'O. — A  body  haring  this  composition  is  farmed 
in  aroall  quantity,  together  with  acid  products,  by  the  action  of  bromine  on  the  alkaline 
salts  of  cttraconic  tidd  (i.  993),  It  is  a  neutral  oil  insoluble  io  pure  water  and  in 
alkaline  solutions;  ensity  soluble  in  alcohol  and  ether;  partially  decomposed  by  beat. 
It  is  uncertain  whethrr  thiA  body  is  a  derirative  of  propionic  aldehyde,  or  of  acetone. 

PtntachloroprfymQvic  AUhhj/de  or  Propiottic  Chloral,  C'HCl'O. — This  compound 
ooenrs  amongst  tfie  products  obtainf^i  by  distilling  starch  with  hydrochloric  acid  and 
jnangauie  portjxide.  On  saturating  the  crudi?  dindllato  with  chalk  or  sodic  carbonate, 
and  rectifying  ovf-r  a  simdl  quantity  of  calcic  chloride,  the  propionic  chloral  passes  over 
in  Lhe  first  fioriion  of  the  distillate,  together  with  an  oily  body,  from  which  it  may  bo 
ae|Miratt'd  by  agitating  the  liqtiid  seTepal  times  with  ico-cold  water,  decanting  the  solu- 
tion wh^'n  saturated,  and  heating  it,  the  propionic  chloral  then  separating  in  heavy 
drops  baring  a  faint  yeltow  colour.  By  diffiiring  th^'se  drops  in  a  small  quantity  of 
water,  and  cooling  to  0^,  colourless  rhombic  talil^ts  are  obtained,  which  may  be  purified 
from  adhering  oil  by  pressing  them  in  the  cold  between  bibulous  paper.  They  con- 
sist of  a  hydrate  of  propionic  chloral,  CHC1*0,-IH*0,  (St&deler,  Gtrhardfa  TmiU, 
\l  434.) 

VHanOirfG  STKS&S*  These  compounds  hare  not  been  much  examined^  the 
ethyl-compounds  of  propionic,  bromopropionic  acid,  &c.,  being  the  only  ones  yet 
obtStioed. 

Et  hylic  Propionate^  CTHHOIPOO*,  is  prepared  by  heating  iilfw-propionate  with 
a  mixture  of  absolute  alcohol  ana  •sulphuric  acid,  and  is  separated  from  the  prodnct  by 
welter,  in  the  form  of  a  liquid  lighter  than  water  and  having  a  pleasant  £rmty  odour. 
It  is  quickly  decomposed  by  ammonia  into  alcohol  and  propionamide. 

Eihfflie  Bromopropionatff  was  obtained  by  Kekuld,  by  treating  with  alooholie 
ether  the  fingntnt  liquid  ftumetiroes  produced  in  the  prepamtion  of  bromopropionio 
acid  by  ths  action  of  hydrobromic  acid  on  lactic  acid  (p.  733), 


'|0., 


Ethsflie  Chtoropropiojiate,  C^mCiO^  =  (7H«(C»H*)C10*  - 

Etkylie  Chli^rolactate      q1^»  ^  Jq  (A.   WurtE,  Ann.  Ch.  Pharm.   cvii.  192;   cxil 
232;   Ulrich,  Chem.  Sdc.  Qu.  J,  xii.  23),— This  ether  ii  produced,  together  with 
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ethylic  chloride  and  water,  by  the  action  of  absolnte  alcohol  on  chloride  of  chloropm- 
pionyl  (chloride  of  lactyl,  iii.  646) : 

C^*OCl*     +     2C«H«0       -      C»H"C10«     +     C«H»a     +     HH). 

It  is  a  liquid  having  a  pleasant  aromatic  odour,  a  specific  gravity  of  1*097  at  0^,  and 
distilling  without  decomposition  at  160°.  Vapoup-dendty,  obs.  =  4*9  (Wurta); 
calc.  =  4*7.  When  heated  with  sodium-ethylate^  it  is  converted  into  dietbylic  lactate 
(Wurtz,  iii.  464): 

CH*    ja     +      Na  {"       "      (C«H»)«    {"      *     ^^^ 

By  the  action  of  nascent  hydrogen  (zinc  and  dilute  sulphuric  add)  it  is  conTerCcd  into 
propionic  acid.    ( U 1  r  i  c  h. ) 

Ethylic  lodopropionate^  C'H*(CH*)IO*. — Obtained  by  passing  hydrochloric 
mcid  gas  into  an  alcoholic  solution  of  iodopropionic  acid  (p.  734).  It  is  a  colourlfM 
strongly  aromatic  liquid,  heavier  than  water,  soluble  therein,  and  easily  soluble  in 
alcohol  It  boils  between  180°  and  200°,  and  appears  to  volatilise  without  deoompoei* 
tion.    (Beilstein.) 

PSOPXOVZTRXXJl,  C*H^N,  or  Cyanide  of  Ethyl,  C^^CN.— The  formation, 
properties,  and  most  of  the  reactions  of  this  compound  have  been  described  nnder 
Ctakidbs  (ii.  211).  The  products  obtained  by  treating  it  with  chlorine  have  recent] j 
been  examined  by  R  Otto  (Ann.  Ch.  Pharm.  cxvi.  195;  lUp.  Chim.  pure,  1861,  p. 
257;  Agn.  Ch.  Pharm.  cxxxii.  181;  Bull.  Soc  Chim.  1865,  i.  293). 

Dry  chlorine  passed  into  gently  heated  propionitrile,  forms  dichloropropionamide 
(p.  729),  and  dichloropropionitrile,  CH*C1'N,  which  may  be  separated  by  a 
freezing  mixture,  the  former  then  crystallising  out ;  and  on  submitting  tJie  remaining 
liquid  to  fractional  distillation,  dichloropropionitrile  passes  orer  between  104°  and  107°. 

Dichloropropionitrile  is  a  limpid  liquid  having  a  disagreeable  ethereal  odonr, 
insoluble  in  water,  soluble  in  alcohol  and  in  ether,  decomposing  in  badlv  closed  veeeela. 
It  bums  with  a  smoky  flame,  emitting  pungent  vapours.  When  boiled  with  alkali,  it 
gives  off  its  nitrogen  as  ammonia,  the  last  portions  however  going  off  very  slowly,  auid 
yields,  first  chlorinated  acids,  then  acids  free  from  chlorine. 

The  residue  left  after  the  distillation  of  the  dichloropropionitrile  is  a  crystalline  mast, 
having  the  same  composition  and  probably  consisting  of  a  polymeric  modification.  It 
forms  fine  crystals  or  scales  melung  at  74*5°,  subliming  with  partial  decomposition, 
insoluble  in  water,  melting  in  boiling  water,  and  distilling  over  with  aqueous  vapour. 
It  dissolves  at  26°  in  7*17  pts.  of  absolute  alcohol,  and  m  0*77  pt.  of  ether.  Witii 
alkalis  and  acids  it  behaves  like  the  liquid  modification. 

The  action  of  moiat  chlorine  on  propionitrile  is  very  energetic,  and  is  attended  with 
rise  of  temperature,  and  the  formation  of  a  greater  number  of  products.  Propionitrile 
distils  over  holding  in  solution  hydroohlorate  of  propionamide,  which  it  deposits  in 
crystals  (p.  729);  hydrochloric  acid  is  evolved;  sal-ammoniac  is  deposited;  and  if  the 
action  of  the  chlorine  be  continued,  with  cohobation,  there  finally  remains  a  mass  <^ 
crystals,  which,  when  washed  with  cold  w^ater,  and  dissolved  in  absolute  alcohol,  yields 
first,  small  iridescent  laminae  of  a  body  A,  having  the  composition  C*H'H}1*NK>^  ;  then 
after  the  oily  mother-liquid  has  been  left  for  some  time  over  oil  of  vitriol,  crystals  of 
a  body  B  containing  C*H'*C1*N'0* ;  and  finally,  an  uncrystallisable  oil  C 

The  body  A  appears  to  be  formed  according  to  the  equation : 

3C«H»N    +    6C1»   +   4H«0     =     C»H'»C1*N«0*   +   4HC1   +   Nfl*CL 

It  melts  between  166°  and  168° ;  sublimes  when  cautiously  heated ;  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether ;  and  crystallises  in  small  rhombic  lamin». 
Its  solution  in  dilute  hydrochloric  acid  forms  a  precipitate  with  platinic  chloride^  after 
standing  for  some  time. 

The  body  B  melts  between  151°  and  152°,  and  in  other  respects  resembles  A. 

The  uncrvstallisable  oil  C  appears  to  consist  of  the  body  A,  contaminated  with  other 
products  of  substitution.  In  contact  with  sodium-amalgam  and  water,  it  dissolves 
without  evolution  of  hydrogen  ;  and  acids  separate  from  the  resulting  liquid  a  yellowish 
mass,  whose  solution  in  dilute  alcohol  containing  hvdrochloric  acid,  yields,  besides  un- 
crystallisable mother-liquor,  feathery  crystals  of  a  body  D,  which  melts  at  163° — 164® 
and  contains  C*H"C1*N«0*. 

The  oil  C  distilled  in  a  saltpetre-bath  yielded  a  small  quantity  of  dichloro-propio- 
nitrile  containing  hvdrochloric  acid,  and  a  brown  residue  which  solidified  in  a  crystalline 
mans,  and  dissolvea  in  absolute  alcohol,  leaving  a  slight  residue  of  sal-ammoniac.  This 
alcoholic  Rohition  deposited  the  three  following  crystallisable  compounds,  distinguished 
by  their  melting  points  and  their  solubility  in  alcohol : 
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Mtf'ltlnf  potnl. 

E.  C'  '*  189  tu  l»l*  sparingly  »olubl«. 

F.  t  I'  I5«  to  158<*  more  •'jlnble. 

O.        C"  J 1  -<  I  >  \  >»  2  H  to  2 15<>  from  the  mother- liquor* 

The  ACiioD  of  moUt  diiorino  mi  proiuonitnlo  in  drffiim^  dftvligbt  likewiie  giTCt  nM 
to  the  fammdoQ  of  oth«r  oompoiiiia»,  but  they  are  rtrj  diifiralt  to  M|iAnfttP. 

Wh«A  mowt  ebtorifid  nets  on  propionitrile  in  direct  sun^hme^  tho  rftaalting  browQ 
liqtijd  depa^tM  on  ■tjknding,  oyitftU  of  dtchloropropioiuuaide,  and  the  tiqiiid  d«cant«d 
thi-^n^from  yield*  bj  diitillihtioii,  drat  vaUr,  hjdrocldoric  tfid  &od  propionitnlct  ^^^ 
(Ix'twcen  100^  and  120^)  dichloropiropionitriK  and  la«tljr  (above  120*^)  dicbloropro- 
piooatQidp,  together  with  eoUd  diebloropropioiiitrile  (p.  736).  lo  one  experitneot  th« 
fitinid  drpo»it*d  aft«ir  »om«  time,  cubic  ctyitab^  C"H'*C1'NH).3HCIH'0,  eauilj  soluble 
in  wut^r  ^^nd  in  alcohoL 

PMQWTt^  or  TB1XTX%  C»H\  The  third  of  the  lenM  of  alcohol-ndiclM,  C-H**», 
(Hr**>  TiiiTn.) 

WmoWT%JkmXMm^    See  TKiTn^AJnirx, 

»RorT2.i€   AXiCOBOZi,  MrMMK^  ik^    See  Tjuttuc  Amx>boi^  ErtntB,  &<!. 

WMOBOWTTM,  A  imneral  occumng  Rt  Ait4?Db<*rg  in  the  ErEgebirge  in  cTystak,  more 
or  ]«««  »lt€n^d  to  kjiolin.  The  oncleiui,  if  it iU  un&llefed,  m  colourless  and  tnin»par<nit. 
Before  the  blowpipe  it  beoomei  white  and  opecnie  withoot  funing.  and  giree  off  wAt^t 
and  hydfofluoric  acid.  It  t*  decompOK'd  by  Bulphnric  add  A  colourless  specnmed  of 
ppecifie  graTity  289  wm*  found  by  Scheerer  (Pegg.  Ann.  cl  361)  to  contain  ft9^ 
fluoride  of  e[ilitH>Q,  42'68  alumina,  22-98  lime,  0'31  matiganoue  Ojdde,  0'2d  magoeeia, 
0  Id  potash,  and  16  50  water  (■*  90  83)^  from  which  it  is  tmpoe^ible  to  deduce  a  defU 
nit'*  funnnljk  According  to  Scbeo^e  meaaurfementii,  the  crYBtaUine  form  of  prosopite 
approadies  nearly  to  that  of  heafy  spar.  Ban  a,  on  the  other  hand  {Minrrtrlo^jf,  il 
6o2),  reg'U^a  it  as  more  nearly  albed  to  datbolite.  Brush  (Sill.  Am.  J.  [3]  xx.  273) 
found  in  Tiolet'^coloured  crystals  of  fo-called  proaopite  gr^ai  dtrersi^  of  form  and 
eompocttion.  Some  were  riolet  and  ooDsisled  of  fluornspar ;  others  were  white,  loft 
and  opaque,  and  consisted  of  a  hydnted  alnminic  silicate. 

VXaTAOOV.  A  name  given  by  Liebff^if  h  to  a  Mubfi ranee  believed  by  htm  to  be 
thr'  chief  eoustitticirit  of  nervous  tissue,  fhim  which  cerebrin,  myelin,  &c.  are  developed. 
To  prepare  it,  bmin-substanee,  freed  ^  much  as  poasible  from  blood,  isreducedtoapnlp 
and  tnated  with  wsut  and  ether  at  0®»  From  the  remaining  mass  the  protagimi  may 
be  extmcted  by  alcohol  of  86  per  cent,  at  46°.  On  csooling  the  alcohnlic  ffolntioo  to  0°, 
an  abundant  precipitate  is  formed  which;  after  being  well  washeii  with  ether  and 
redissolved  in  warm  alcohol,  crystallises  on  cooling  in  ieienlar  bundlps. 

Frotagon  is  oolottrleas,  inodorous,  scarcely  solnole  in  ether,  very  soluble  in  warm 
spirit;  with  water  it  swells  up  to  a  gelatiiious  mass,  which  on  further  dilution  be- 
comes an  opalescent  fluid.  Compoaitton,  C"*B'*'N*PO''.  Boiled  with  concentrated 
baryta- water,  it  is  decomposed  to  to  glyoero-phosphoric  acid  and  a  new  htis^,  neurine. 

M.F. 

^HOTBUr  {*pt0Tttoff,  **  pre-eminence  ")  is  the  name  given  by  Mulder  to  a  product 
obtiviiu«d  by  the  iictioa  of  potash  ofn  albuminoids^  He  fonfiid«n  pTDteiu  to  be  a  definite* 
compound  forming  the  base  of  all  the  albuminoids,  and  imagines  tnat  these  boliei  differ 
from  one  another  only  by  varying  quantities  of  suljiinuds  {NH*)*S,  and  phonphimide 
NH'P  (according  to*  Mulder  iu  formula  *  C^ff'^N^O**},  This  ingeuioiis  theory  is, 
however,  disproved  by  the  fact  that  protein  is  not  a  homogeneous  compound,  as  has 
been  dearly  shown  by  the  experiments  of  Liebig  and  his  pupils  ;  in  f>ict,  it  is  nothing 
motre  than  the  albuminous  substaniCA  niore  or  less  modified,  and  always  contains  a 
certain  quantity  of  sulphur.  For  when  an  albuminoid  is  dissolved  at  the  common  tern* 
persture  in  dilute  potash,  and  the  solution  is  saturated  by  an  add,  the  precipitate  thu^ 
formed  (protein)  contains  the  whole  of  the  sulphur,  not  a  trace  of  which  can  be  detected 
in  the  mother-liquid.  If  concentrated  potash  be  employed,  and  the  liquid  healed,  part 
of  the  sulphur  is  removed  from  the  albuminoid,  and  the  solution  bsing  saturated  with 
an  acid,  yields  a  proportionally  smaller  precipitate,  still  containing  sulphur.  Finally, 
if  the  whole  of  the  sulphur  be  eatra<eCed  iiom  the  albuminoiil,  the  alkaline  solubion 
yields  no  precipitates  with  acids  (La  show  ski).  According  to  Fleitmann  and 
Lttjikowski  the  reaction  takes  place  more  rapidly  in  weak  potash,  if  the  liquid  be 
hsjited  with  oxide  of  bismuth  or  silver.  These  oxides  do  not,  however,  remove  all 
the  sulphur.     All  the  desulpburiaed  matter  appears  to  remain  in  eoludon. 

The  following  are  analyses  of  the  »o-callea  prot«in ;  they  will  be  obserred  U>  differ 
very  little  from  the  compoeitlon  of  albumin. 
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728      PROPALANIXE— PROPARGYLIC  ETHER. 

For  the  prodactioo  of  a  dvomolithograpli.  a  ■nceearion  of  impeflsioiM  is  &p|)lied 
to  a  sheet  of  plate-paper  from  a  number  of  ftODeB  on  ^rfaiefa  are  <uawii  in  aaalTB%  as 
nearij  as  poaaible,  the  Tarions  eoloiiri  and  tones  of  the  orimid  of  ^rfaicfa  the  raiomo- 
lithogr^)h  is  intended  to  be  a  eopy.  One  of  the  grpat  difBcolties  of  the  ptoMas  is 
that  nearij  emything  has  to  be  dnwn  with  the  otdinaiy  sapooaeeoos  biaek  ehalk 
and  ink. 

To  eop7  a  picture  or  drawii^  and  to  make  all  the  diflermt  eoloon  eorrespood,  a 
careful  tracing  is  made  with  lithogniphie  ink  upon  transparent  transfer  paper,  or  Wfoa 
asheetofgeladn;  this  tracing  is  trandfened  to  a  stone  called  the  **  keTStODe^"  aadCrom 
this  stone  impressions  are  taken  which  are  set  off  in  the  press  on  as  many  stofies  as 
will  be  required,  the  number  Tuying  aeeording  to  the  suHect,  twentj  and  eren  thixty 
being  found  sometimes  neeessaiy  to  Koduee  the  proper  erort.  The  printing  in  eolonxs 
is  effected  in  the  same  manner,  and  depends  on  the  ssme  prisciplea^  as  the  prodiietioa 
of  a  black  lithograph,  the  rarious  pigments  being  groond  up  with  thickened  linseed 
oil,  and  the  resulting  oil-eolour  spread  erenly  upon  the  ksihem  rollers  with  which 
the  drawing  upon  the  stone  has  to  be  charged.  To  secnre  an  exact  adjustment  of  all 
the  colonrs,  the  stone  to  print  from  and  the  sheet  of  paper  to  print  upon,  are  aceurstelj 
and  securely  fixed  into  a  registering  frame  which  forms  part  of  the  press. 

Tlnosginphj.  Fatty  substances  act  upon  sine  and  other  easily  oxidable  metals 
much  in  the  same  manner  as  upon  limestone,  forming  salts  which  are  insoluble  in 
water.  A  drawing  nuy  be  made  on  a  zinc  plate  with  the  same  dialk  or  ink  that  is 
used  for  drawing  on  stone,  and  the  remaining  parts  of  the  surfoce  may  be  rendered 
non~atUactiie  for  printing  ink  in  a  simOar  manner,  excepting  that  the  solution  of  nitric 
and  and  gum  usea  for  the  porpoee  must  be  mixed  with  a  eonesntratcd  deeoctkn  of 
nutgalls.  When  the  plate  nas  been  eorered  for  a  short  time  with  this  solution,  the 
parts  not  constituting  tne  drawing  lose  their  metallic  lustre  and  assume  a  Inmm  tint, 
and  in  that  state  are  incapable  of  taking  iq>  printing  ink.  The  mode  of  printing  is  the 
same  as  frmn  stone. 

Other  metals  nre  similar  results  with  more  or  less  distinctness :  but  none  are 
found  to  be  so  w«l  adapteil  for  chemical  printing  as  the  stone  plates  of  Suleobofen. 

M.H. 

•«<  C«H'(yH*)0»  «  Oxyfmtjrwmie  aeid^  (C^«Or  V^     (R.  Schneider,  Ann.  Cb. 

Pharm.  SuppI  ii.  70:  Jahre^K  1861,  p,  IS9.) — A  compound  produced  hj  beating  bro- 
mobatrrie  arid  with  aqueous  ammonia  It  crrscalhses  from  akobolic  solution  in 
stellate  or  furcate  groups  of  small  laminse  and  ne^^lea,  which  when  dry.  yield  a  drnyKng 
white  satiny  powder,  unctuous  to  the  touch.  It  is  inodorous,  has  a  sweet  taste,  and  ia 
neutral  to  r^egetable  colours.  It  dis^olres  in  about  3*5  pta  water  of  medium  tempera- 
ture. 13  Terr  sli^tly  soluble  in  cold  alcohol,  and  requires  550  pc&  erru  of  boiling  alco- 
hol to  dissolve  it ;  quite  insoluble  in  ether.  It  is  not  dccom{Msed  by  eold  aqueous 
potash,  but  gires  off*  ammonia  abundantly  when  ftfesed  with  hydrate  of  potassium. 
When  onatio35!y  heatM  in  a  tube,  it  m^ts*  and  suUimes  partly*andecomposed :  bot 
when  quickly  and  strongly  heated,  it  tarns  brovn  and  carbonises,  »mitring  vapours 
which  bare  an  alliaceous  odour  and  mTV^i;i>»  reaction. 

Pn>falani&e.  like  irs  homuk^^nies^  unites  both  with  arids  and  withbase«.  The  ifc^m- 
r*i.rtf.v,  C*H^O».HClcrTstallia«ein  tufis  of  rerr  soluble,  pointed  needles ;  the  nitraUy 
C*H*S(yJISO^,  in  fem-l^e  groups  of  sOky  needles,  essily  soluble  in  water  and  alcohol, 
and  baring  an  arid  reaction.  A  solution  of  2  at.  propalaoine  in  1  at.  sulphuric  acid 
dri<»  up  to  a  risrid  ukass;  but  with  twice  that  pt\>portion  of  arid,  the  mtmtrmi  suIpikmU, 
^C*E^O' ^M^^O*,  is  obtained  in  colouriesa.  ensilT  soluble,  eoocentrieally  grouped 
■eedles.— A  /  ««f ^wsyoaW,  C»H*«Ft"NK>«  J'Pb'O*,'  is  obtained  as  a  white,  crystalline, 
spctnngly  soluble  (M>wder.  by  pr)  longed  boiling  of  aqueous  propalanine  with  lead-oxide. 
— The  ttlnr^-vmpom^ii,  C*H*AgNO^,  obtained  in  like  manner,  crystallises  on  evapora- 
tion orer  oil  &i  vitriol  in  soull  crystals  which  are  quickly  blackened  by  tight,  and 
deo>m(^»e  at  10(^. 

Schneider  thinks  it  probaKe  that  peopalbuiine  may  occur  in  the  animal  oiganism 
asBoriat<*d  with  leucine. 

VmOFAmaT^ZC  Wrwaau  (Liebermann,  Zritsehr.  C^  Fharm.  1M4,Pl 
746.  .—When  tribromide  of  atlyi  is  digested  for  soeae  time  with  alcoholic  potash,  the 
ako^  di$tiLcd  therefrom  yirids  with  ammoniacal  siher-nitrate  a  white  preripttate,  con- 
taining rsu»  :  <^-  *<^  regarded  by  liebecmana  as  the  silver-sah  of  an  ether  to  wfaieh 
he  giTcs  the  above  name.    The  ailTer-eospound  treated  with  a  solutacn  of  iodine  in 
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jreilov,  being  RJecbed ;  and  the  white  dock*  •tih«equ«ab)jr  pfmpttitfd^  are  to  bv  di^coni' 
pu««d  by  •lilphjrdric  add.  An  ai^ueoiia  loliili^ii  in  thvm  obiaiiiod*  which »  whtro  t:viipu- 
i«Usd,  jrielda  protoeat«f huie  add  in  f^ticate  groupa gl  cry^udB  and lajsins.  (S t  r o c ke r« 
Ann*  Ch,  Pharm.  ^xriii.  2S0  ;  Gm.  rri.  2^8,) 

t.  Cat«chin.  which,  accordiii|^  to  Kraut  and  T.  D  eld  en  (Ann.  Ch.  Phann.  cxzrtJK 
3^  ;  Jattroab.  1863,  p.  M%),  is  iaoraene  with  pipcrie  add  [or  rather  differa  from  it  by 
1  at.  watar,  haTing  the  oompoaition  C**U**0'],  ukewiM  y  id  Jit  protocat«chuic  acid  bj 
AuioD  with  potaah. 

8.  Mac) aria  (morintannifi  acid,  lii.  1049),  fitsad  with  potaah  ia  re#olT«d  into  prola- 
catMhttic  acid  and  phloroglucin  : 

C»»H»«0*  +   H*0     -     CHW  +  C-H*0», 

1  part  of  maclurin  ia  evaporated  in  a  etlrer  badn  with  a  eolnt ion  of  3  parts  poCanaiiim* 
hydratt),  tiU  the  mistare  becomea  pasty ;  the  mass  \s  then  aoidulatea  with  anlphnrie 
add,  «raporat«id  to  dryDesa  and  treated  with  aleohol,  which  dis«olv«>8  both  the  pt^ucta 
of  the  reaction.  The  alcohol  ia  then  distilled  off,  and  the  aqtieous  solution  of  the 
reaidue  is  treated  with  oenlral  acetate  of  lead,  which  pr4>cipitat4^  the  protocat<>ckuic 
acifl.  1<*aving  phlurogladn  in  soluttoo.  The  lead -precipitate  ia  treated  as  aborc. 
(II  lasi  wet2  and  PfaundleTt  Ann.  Ch.  Pharm.  cxivii,  351 ;  Jdhreab.  1863,  p.  595.) 

4,  By  fusing  (^laretie  add,  or  ptirificd  eoaiiic^rcain  with  potaah.  (HIaaiweta 
and  Barth,  Ana.  Ch.  Pharm.  cux.  346 ;  Ja£l«ab.  1864,  p.  404.) 

Pfotocatechuic  acid  crjataHiMa  from  aqoeoiaa  soltttioQ  in  furcate  gronpei  of  cijatala 
and  laniinto(8trecker);  in  thin  prismatic  crystals  (Hlaii wets  and  PfAund'ler); 
in  tnfta of  UMdlea  belonging  to  the  monocUnic  »y»tem  (Hlasiweta  and  Barth).  Thn 
cry  stab  (air-dried)  contmn  C*H*0*Ji-0  and  give  off  thdr  1  at^  water  at  im°^  It 
aiiieulvea  in  water,  alcohol,  bnd  ether*  The  aqneoua  solution  ia  coloured  dark  blue- 
green  by  ferric  ddoridet^  the  oolonr  changing  to  dark  red  on  addition  of  alkulia.  It 
reduces  nitrate  of  silver  with  aid  of  heat,  and  on  addition  of  ammonia,  but  do«s  nut 
reduce  potassio^cupric  lArtrata  [carbobydroqninonic  acid  sepanitee  cuproua  oxide  from 
tlie  latt«?r,  iiL  215].  The  dehydrated  acid  mtdte  at  199'^,  and  im  decomposed  by  dry 
distil Ution  into  pyroeatechin  (unmixed  with  bydroquixione)  and  carbonic  anhydride : 
C^H-0*  -  C*H«6*  +  CO*. 

Madurin  (which  is  resolved  by  taking  np  the  elements  of  water  into  protocatodiuio 
acid  and  phloroglucin)  in  converted  by  nascent  hydrogen  evolved  ^m  sulphurii?  acii! 
and  rino,  into  mncbromin  C**H'K)*,  a  white  tmcrrstaUiaable  body,  which  quickly  tumt* 
blue  under  the  influence  of  air«  light,  heat,  and  oxidising  agents.  It  ia  probably  formed 
from  prgtocatochuic  acid,  according  to  the  eqnation, 

2c^H»o*  ^  n*    ^    C»«H'»0*  +  mH). 

By  the  action  of  hydrogen  in  alkaline  solution,  on  the  other  hand,  madnnn  in  converted 
into  an  imciyatalliaabie  body  C^*H'*0*,  probably  lonned  from  protocatechuic  add,  as 
shown  by  the  equation  : 

20'E*0*  -f   H«     -     C»*H**0*  +   3H«0. 
(Klasi  wets  and  Pfaundler,  Bull.  Soc.  Chim«  1S65,  ii.  147.) 

The  pro  toe  at  ech  nates  assume  a  fine  violet  colour  when  mixed  with  ferric  salta 
Proio0utechftate  of  barium  forma  crystals  containing  C''H^*Ba"0".5H'0  (Hlasiweta 
and  Pfaundler),  and  becoming  anhydrous  at  160^  (Hlasiwetz  and  Barth). 
--The  eQieium-9(iit  contains  C**H»'Ca'0».4H'0  (Hlasiwetjs  and  Pfaundlerl 
C"H*»Ca*0*.3H»0(HU»iwetzandBarth).— With  solution  of  neutral  acetatecifW, 

the  aqueous  acid  forma  white  flocks  of  a  basic  salt,  C>*H'f'bK)*.Ph'O.H'0,  which  dis- 
solve in  amnuinia,  potash,  and  acetic  add  (Strecker),  The  latter  solution  when  eva- 
porated deposile  colourless  grannies  of  the  neutral  hhU  C'*H*"Pb'*0*/2H*0,  which  give 
off  their  Sat  water  at  140°,  and  dissolve  with  difficulty  in  acetic  acid  (S  t  r  e  c  k  «  r).  Ac- 
cording to  Hlaaiweti  and  Barth,  th^  precipitated  lead-salt  conUins  C'^H'*PbO*,2Pb"0. 

VmOirO«COaCFOmf  Bft,  The  prefix  prcto  waa  originally  used  to  denote  the  Unt 
of  a  series  of  binary  compounds  amtogvd  according  to  the  number  of  atoma  of  the 
eirctronegative  element  In  this  senae,  cuprous  oxide,  Cu^,  mercuroiis  oxide  Hg"0; 
and  stAnnoua  oxide  Sn'O,  would  be  protoxides.  At  present,  however,  it  is  most 
commonly  used  to  designate  that  compound  in  a  berif^s  which  contains  1  at.  of  the  «*lectro- 
negative  eleiaent,  a  sen#tt  wliich  agrees  with  the  former  in  mo.st  canoe,  but  not  in  all ; 
stannous  chloride  SuXl'  for  cxnmpie,  ia  a  dichloride  according  to  the  latt4>r  significa- 
tion, a  proiochloride  according  to  the  former.     (See  NoMENCLATTitE,  p.  123.) 

FROTOamiB.  A  cmnite  occurring  in  Mont  Blanc,  coDsifting  of  qniirtu,  ortho- 
dase,  oligoolas*^^',  talc,  and  mica.  (Deles se,  Bull.  Soc.  g^olog.  dc  la  France  [2]vi.  2!ia.) 

VSOirSTXTM.     Li^ht  rtd  Silwr  ore.     Lichkr  RoikgultiqeT^,     AruniktillKrbftnfh. 
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PROVENCE  OIL— PRUNUS. 


A  sulphaneiiite  of  silyer  occairiiig  in  riiombohedml  crjttalf,  in  which  the  principd 
axis  of  R  -B  0-8076,  and  the  angle  of  the  terminal  edges  »  107^  36'.  The  dominant 
faces  are  those  of  the  scalenohedrous  R*  and  R*,  combined  with  the  prism  aDP2  and 
other  faces.  Cleavage  tolerably  distinct,  parallel  to  R.  Twins  aze  of  freqnant  oeenr- 
rence.  The  mineral  also  occurs  grannlar.  Hardness  «2 — 2*5.  Specific  grmTi^  « 
5-422 — 5-56.  Lustre  adamantine.  Colour  and  streak  cochineal-red.  Subtransparent 
to  subtransluceDt.  Fracture  conchoidal  to  uneyen.  Before  the  blowpipe  it  giyea  off 
arsenical  fumes  and  on  charcoal  ultimatelj  leaves  a  globule  of  silver.  DissolTes  in 
nitric  acid.  Gives  by  analysis  19-51  per  cent  sulphur,  15*09  arwnic,  0*69  antimooy, 
and  64-67  silver,  agreeing  nearly  with  the  formula  Ag*AsS*  or  SAg^JUS*  (H.  Base, 
Fogg.  Ann.  xv.  472).  Occurs  in  Saxony  at  Johanngeorgenstadt^  Msrienbeiff  and 
Annaberg  ;  at  Joachimsthal  in  Bohemia ;  Wolfach  in  Baden ;  Markirchen  in  Joasos ; 
Chalanches  in  Dauphin^ ;  Guadalcanal  in  Spain ;  also  in  Mezioo  and  Pern. 

PSOVBirCB  OlXto    A  name  applied  to  olive  oil  obtained  by  cold  pressure  firom 

the  ripe  fruiUi  immediately  after  gathering. 

I  8A&T  or  Nitrum  tabuUUum.    Fused  saltpetre. 

Syn.  with  Bassobin.     (See  Gum,  ii.  955.) 

A  greyish-violet  variety  of  limestone,  from  Faroe. 

Plum. — 1.  Prunua  domeatica. — ^The  composition  of  several  Tarietisssf 
plum,  as  determined  by  Fresenius  and  others,  is  given  under  Fruit  (ii  714,  715). 

The  fleshy  part  of  mussel  plums  has  been  found  by  Paj^en  (J.  Pharm.  [3]  zvi.  VJV\ 
to  contain  12*99  per  cent,  water,  0*73  per  cent,  nitrogen  (in  the  fresh  substance),  ana 
2-62  ash  (in  the  dried  substance).  According  to  W.  Tod  ( J.  pr.  Chem.  bdi.  60S; 
Jahresb.  1854,  p.  665)  fresh  mussel  plums  contain  9*3  per  cent,  fleshy  sobstanos  and 
7  per  cent  stone.  When  dried  at  100®,  the  flesh  gave  60*7  and  the  stone  30*9  per  cent. 
water,  100  parts  of  the  fleshy  substance  and  of  the  stones,  both  in  the  fresh  state, 
yielded  the  following  quantities  of  inoiganic  constituents : 


SolBbl*  In  water. 


FlMh 

Stone 


KCl     CrO 
.    .      'Oil 

•019       026 


KSO 
•173 
•030 


c«o 

MgO  MdO    PSO* 

8IO« 

•06» 

'010    -ooa    •oftft 

008    - 

•1-24 

*040      t)OI      -OM 

•086    - 

803    P*0i  FeaO»  APO» 
•086      -003      ..      -003 
•021      '013      -014       .    . 

Faisst  (Jahresb.  1852,  p.  811),  found  in  dried  French  mussel  plums  a,  in  WnrtMa- 
buig  mussel-plums  of  the  flrst  quality  5,  and  of  second  quality  e,  the  following  qoam- 
tities  of  water,  sugar,  and  acid : 

s.  b,  e. 

Water      ....        32*2  27*9  27*9  per  eent. 

Sugar       ....         481  563  47*6         „ 

Acid        ....  2*5  3-0  8-9 


Ash  of  Oriea$i$  Hums  (T.  Richardson).* 

Skin      1     Flash 

Potash 

Entire 
fruit. 

1 

Kenel. 

Skin  or 
Med. 

offlrult. 

59-21 

58*86 

64*59 

26*52 

21*69 

Soda. 

0-54 

35*2 

8*72 

1*94 

7-69 

Lime. 

1004 

8*25 

4-86 

8*49 

28-06 

Magnesia  . 

5*46 

9*29 

4*69 

1617 

377 

Sulphuric  anhydride 

3-83 

1-96 

3-2S 

711 

6-61 

Silicic               „ 

2-36 

0-81 

3*16 

2*38 

257 

Phosphoric       „ 

12-26 

9-85 

15*44 

33-05 

2524 

Ferric  phosphate 
Chloride  of  sodium     , 

6*04 

7*45 

4-80 

3*83 

4-87 

trace 

•     • 

0-62 

0*49 

trace 

99-74 

99*99 

10010 

99*98 

100*00 

Ash  per  eent 

• 

0*40 

0-89 

0*81 

1*64 

0*24 

2.  Prtmui  Malakeb, — The  bark  of  this  tree  contains,  besides  the  nsnal  plsiit-«OB- 
Btituentf ,  an  iron-greening  tannin,  an  indiiTerent  bitter  principle,  phlobapnene,  oo«- 
marin  and  calcic  oxalate.    Dried  at  100^  it  gave  11*2  per  cen^  Bah,  containing  6*79  per 

•  Ann.  Ch.  Pharm.  IxrU.,  Aohaof  im  9to  Htft ;  Jahrethw.  IM7-4I,  TsM  C  ra  S,  ItMi 
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emt  KK)  (mth  m  littk  lodA),  1920  CuO,  3  U  MgO,  0  23  FeO,  001  CI,  0'20  P*U\ 
0-90  BiO>,  and  8919  00'.     (Kittel,  JabfMb.  l^itS,  p.  6i5.) 

3,  Ptmmus  tpmosa. — ^The  Blacktboni  or  Sloe.  Rtpe  a1o«i»,  fcreAted  BaecMfliTely  with 
difj^remt  ftolTents,  yield  2  2  per  cent  matter  soluble  tn  etber  (Lron-^nMiiing  tannin, 
in&lic  iicid  and  ctilcitun-Milrii,  w&zj  fat^  chlorophyll,  and  a  a  mall  quaotitj  of  voUtile 
oil);  4 '8  p«r  ceoi.  mattor  aoluble  ia  alcohol  (ra^or,  iron-graeiiiiig  taimiii,  malic  acid 
and  ealetttm-«altf,  ivd  eokwriog  aiatter,  greon  ratm) ;  4*3  per  ce&t  mjtUer  soluble  in 
iortffr  (gtUD.  peetin,  nialie,  ffulphttrifi;  and  phoephorie  aeida,  eombined  with  potash, 
linie,  and  niafnMfiia;  extractiTe  matter);  17  per  cecL  aoluble  in  hvdrochiorie 
4wrtd  Cfvrric  gidUus  matter  cooToi1«d  into  humoun  nubataiice,  caldc  ana  miignaeic 
pbonlliitM) ;  16  1  per  cent.  Tigetablo  flWrc*  (to^'clher  with  the  utoties^  the  VernelH 
of  miflll  when  treut«4  with  WMtor  jteldod  |>ruiwic  acid);  and  71>9  per  cent,  water. 
The  eoloar  of  the  ripe  fruit  Ir  due  to  a  purple  red  iubilance  neparated  on  the  inner 
feurltt^e  of  the  nkitj,  and  o^^rroiug  id  iill  ttistntijd  oharm^tera  with  the  red  eolouriag 
tuatter  ot  tJie  grape.  (J,  B.  £aa,  Jahre«b.  l^bl,  p.  52B).'— Acoarding  toScLreiner, 
iUd.  \%it%,  691).  ftloee  cootAiD  malie  amd,  Urtarie  acid«  and  an  iron-greeiUDg  tannic 
acid.  The  fresh  ft-uit  yielded  65*4  per  eent.  water,  and  072  per  oeoL  aoh,  coDtaining 
»  48  K«0,  4*3  Na'O.  9  6  CaO,  6  2  MgO.  0  9  Fe*0*.  trapse  of  MnO,  Od  Al*0*.  9  a  Cl, 
1-8  SO",  10*5  1*0*,  7*0  SiO*  and  241  00». 

WmummtAM  si. vs.  Ikrlinrrbinu.  BdM  de  Prttste,  Bi€U  dt  Bir».— Thia 
weUknciiKn  blue  rn^riient  cousiets  eaeentially  uf  bjdrated  forrie  lerrocyanid«*. 
Fe'Cy*M8H-0  =-  (l-t!'  )'(FB"Cy)».l8nK),  geopridly  mixed  with  TaryiDg  quantitiee  of 
potamio- ferrous  f«irric^'«uJde,  Kb\Ky*  ■>  (KFe")tV'(y. — It  waa  accidentally  di»- 
ooTered  iu  1704  by  Dit^bach,  a  colour-maker  in  Berlin,  who  wua  preparutt  Florentine 
lake  by  adding  carbotiate  of  potaaainm  to  a  de«option  of  cochineal  mixed  witli  alum 
and  ferrous  iuJpluiU*,  and  used  for  the  pnrpoae,  an  alkali  ornr  which  the  empyreumatic 
oil  of  blood  Imd  been  rectifi«»d  for  the  preparaliou  of  Bippern  animal  oil.  On  ex- 
aminiug  tlie  conditione  of  ifg  format ioD,  it  was  found!  that  tne  blue  colour  could  be 
produced  by  calcining  blciod  with  potuiih,  and  precipitating  the  ley  thus  obtained,  with 
xerrotia  aalphiite.  A  more  ex^tet  direction  for  ite  pr^^Miration  was  first  givi^n  by 
Woodward  of  London  in  1724.  lie  deflitgrated  equal  j^tart*  of  tartar  and  saltpc-trr, 
caleinwl  the  r«idue  with  dried  ox-blood,  aod  precipiuted  the  remlting  alkaline  ley 
with  ferrous  sulphate  and  alum,  whereby  a  greenifih  procipttate  was  obtained*  which 
turned  blue  when  treated  witli  hydrochloric  aeid. 

Fitre  ferric  ferrocyanide  can  be  obtained  by  only  one  proeeaif  namely,  by  mixing  a 
ferric  salt  with  atilutiou  of  ftrrucy^nidie  of  |tot(i«Hium /keeping  the  former  in  except,  then 
waiihing  and  dnriug  the  preoipitat*.  The  product  tlius  obtained*  which  baa  a  spleiKlid 
dark  blue  colour,  is  often  called  Paru  btwf. 

For  preparation  on  the  lam  seals,  bowmrar,  it  is  ca^tomury  to  use,  instead  of  a 
pure  ferric  salt,  a  solution  or  ferrons  sulphate  (copperas)  which  luis  been  partially 
oxidtaed  by  exposure  to  the  air,  and  subject  the  r^^sulting  bluish-white  nredpitate  to 
the  action  of  oxidising  Bgcnts.  The  product  thus  obtained  is,  as  alreuay  obaeryed,  a 
njintufc  of  ferric  ferrocyanide  with  potassio-fLTrouM  ferricyanide  {ii.  228).  A  common 
frofto  of  proceeding  is  to  mix  solutions  of  100  pts,  ferrocyanide  of  potassium  and  8o 
ferrous  sulphate  at  the  ordinary  temperature,  w:ush  the  precipitate  with  wjiter ;  heat  it 
with  water  to  the  boiling  point,  add  30  pts.  ni^rtc  ceid  of  2B^  Bm.,  and  from  Id  to  30 
pts,  oil  of  vitriol,  then  wash  the  precipitate  sod  dry  it  by  heat,  (Gentele,  Ding), 
p-ilyt  J.  Ui,  452.) 

'f  his  process  does  not,  howsTer,  yield  a  Tery  fins  blue.  A  better  prodnct  is  obtained 
by  oxidising?  the  white  precipitate:  a.  With  nitro-muriatie  acid. — A.  With y^rri^ 
chloridr,  which  is  tlienebv  rtduced  to  ferrous  chloride,  and  may  bo  used  again  for 
prucipitating  a  solution  of  the  ferrocranide.  The  solution  of  ferric  chloride  may  be 
prepared  by  digcf^ting  red  or  brown  htematite,  free  from  lime  end  clay,  or  tlie  bajHic 
ferric  sulphate  obtAined  as  a  residue  in  the  preparation  of  Nordhausen  aulphoric  acid, 
in  crude  hvdrocliloric  acid.  The  white  precipitate,  aflcr  ftltration,  and  while  still  of  a 
paaty  consistence,  is  heatt^i  in  a  copper  vessel  to  the  boiling  heat,  then  quickly  turned 
out  into  a  tub,  and  well  mixed  by  stirring  with  the  Holutiun  of  ferric  chloride  till  it 
hni;  Jicquircd  its  full  depth  of  cf^lour.  The  liquid,  wlik'h  contains  ferric  aa  well  m 
ferrf>iiB  cldoride,  is  separati^  by  tlUration  or  decantation,  and  digested  with  pieces  of 
iron  to  rwluce  it  completely  to  ferrous  chloride. 

c;  By  n  Hohit  ion  of  mangaHie  ciUoride^  whidi  i^  thereby  reduced  to  manganous  dilorids. 
The  economy  of  tliis  mothrid  dej»t>nds  u|.»on  hjcnl  circumstances.  As  the  commercial 
value  of  mangniiese-ore?*  diptnds  upon  «he  prtiptrtion  of  peroxide,  MnO*.  which  they 
eoniAin,  and  m  tlru  common  ores  tins  oxide  is  often  mixed  with  a  considerable  qui»*itity 
of  miuigniMc  «mtidr*,  '^ihii h  vnKy  be  extracted  by  cold  hydrochloric  acid  in  the  form  of 
mangunic  chloride,  this  treatment  ms^y  h^  applietl  so  aa  atlually  to  increase  the  value 
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of  the  ores  (that  is,  their  chlorine-produciDg  power),  and  at  the  same  time  obtain  a 
solution  adapted  for  converting  the  white  precipitate  into  Prussian  bl«e. 

d.  By  chromic  acid.  —The  white  precipitate  is  heated  to  the  boiling  temperature, 
and  mixed  with  an  oxidising  liquid  prepared  by  dissolving  10  pts.  dichromate  of 
potassium  in  10  pts.  hot  water,  and  adding  to  it  when  cold  13^  pts.  oil  of  vitriol,  till 
it  has  acquired  its  full  deptli  of  colour.  The  chromic  acid  is  thereby  reduced  to 
chromic  oxide,  a  compound  which  possesses  considerable  value  as  a  colouring  matter. 

Whatever  be  the  oxidising  agent  used,  it  is  essential  to  the  production  of  a  fine 
colour  that  the  white  precipitate  be  converted  into  Prussian  blue  entirely  by  its  agency, 
and  not  by  atmospheric  oxidation.  For  this  reason  the  ferrous  sulphato  must  be  as 
free  as  possible  fn>m  ferric  salt,  which  end  is  best  attained  by  placing  some  scraps  of 
metidlic  iron  in  the  vessel  in  which  the  solution  is  left  to  clarity  befwe  use,  by  whidi 
also  any  copper  that  it  may  contain  is  precipitated ;  and  the  white  precipitate,  as  soon 
as  formed,  must  be  filtered  as  quickly  as  possible,  and  immediately  subjected  to  the 
action  of  Uie  oxidising  liquid.  (Wagner  s  Jahrtsbericht  dtr  Chcmixhen  Technologies 
1856,  p.  88.) 

Common  or  basic  Prussian  blue  is  an  inferior  article  prepared  by  the  following 
process,  which  is  the  oldest  of  all  the  methods.  A  solution  of  1  pt.  ferrous  sulphate 
and  2  to  4  pts.  alum  is  precipitated  by  solution  of  ferrocyanido  of  potassium  prepared 
as  described  imder  Cyanides  (iii.  231),  and  the  dark-coloured  precipitate,  consisting  of 
a  mixture  of  ahmiina,  ferrocyanide  of  iron  and  potassium,  and  hydrat^^d  sulphide  of 
iron,  is  washed  with  cold  water,  till  by  the  action  of  the  air,  the  sulphide  of  iron  is 
converted  into  ferrous  sulphato,  and  washed  away,  and  the  potassio-ferrous  ferrocy- 
anide is  converted,  with  loss  of  ferrocyanide  of  potassium  (ii.  228),  into  Prussian  blue. 
'J'he  chief  use  of  the  alum  is  to  saturate  the  free  alkali  contained  in  the  crude  solution 
of  the  yellow  prussiato,  and  prevent  it  from  forming  a  precipitate  of  oxide  of  iron, 
which  by  its  red-brown  colour  would  spoil  the  blue.  The  precipitated  alumina  rendort 
the  blue  paler,  but  on  the  other  hand,  it  adds  to  the  weight  of  the  product.  Pruissiau 
blue  thus  prepared  may  be  freed  from  the  greater  part  of  the  alumina,  basic  ferric 
sulphate,  potassium-salts,  and  other  impurities,  bv  digestion  with  dilute  sulphuric  acid, 
and  subsequent  washing  (Turner) ;  or  by  dissolving  it  in  strone  sulphuric  acid,  pre- 
cipitating with  water,  then  digesting  it  iu  hydrochloric  acid,  and  again  washing  with 
water.     (Berzelius,  Lehrbuch. ) 

Attempts  have  been  made  to  utilise  the  waste  lime  and  lime-liquors  of  gas  works 
for  the  preparation  of  yellow  prussiate  and  Prussian  blue.  This  ^-lime  contains 
cyanide  of  calcium  and  cyanide  of  ammonium,  as  well  as  free  ammonia.  The  latter  is 
expelled  by  the  action  of  steam ;  the  residue  is  lixiviated  with  water ;  and  the  solu- 
tion, which  contains  the  cyanides,  is  converted  by  addition  of  iron-salts  into  ferrocy- 
anides  and  Prussian  blue.  A  patent  for  this  use  of  gas  lime  was  taken  out  in  this 
country  by  Mr.  Spence  in  1837,  and  a  similar  process  was  pat-ente<l  in  France  by 
Krafft  in  1836  (DingL  polyt.  J.  cxxxv.  393).  According  to  Krafft,  1,000  pounds 
of  gas-lime  may  be  made  to  yield  from  12  to  16  pounds  of  Prussian  blue  and  16  to  20 
pounds  of  ammonia-salts. 

According  to  Pohl  (J.  pr.  Chim.  Ixiii.  382),  Prussian  blue  is  sometimes  adulterat^-d 
with  starch  turned  blue  by  iodine.  This  (somewhat  improbable)  adulteration  may 
be  detected,  if  in  large  quantity,  by  the  smell  of  hydriodic  acid  emitted  on  boiling  the 
substance  with  water,  and  if  in  smaller  quantity,  by  holding  in  the  mouth  of  the  test- 
tube  in  which  the  Prussian  blue  is  boiled,  a  strip  of  starched  paper  moistened  with 
very  dilute  hydrochloric  acid ;  if  iodine  is  present  the  paper  will  be  turned  blue. 
Prussian  blue  is  sometimes  also  adulterated  with  chalk,  gypsum  and  clay. 

Properties. — Pure  Prussian  blue  has  a  very  dark  blue  colour.  It  usually  occurs  in 
hard  brittle  lumps  having  a  coppery  lustre  and  conchoidal  fracture.  It  is  very  hy^^ro- 
scnpic,  inodorous,  tasteless  and  nut  poisonous.  When  contaminated  with  alumina, 
clay,  &c.,  it  has  a  paler  colour  and  more  earthy  fracture.  As  a  pigment,  Prussian  blue 
possesses  great  body  and  covering  power.  It  is  extensively  usea  both  alone  and  mixed 
with  other  colours.  With  chrome-yellow  it  forms  a  delicata  green  called  green 
cinnabar.  Bespecting  the  reactions  of  Prussian  blue,  see  Ctinides  of  Irox 
(ii.  228). 

WBJJBVtC  ACZB.  Syn.  with  Htdboctakic  Acm  and  Ctamids  or  HYDBoonr 
(ii.  214). 

WKUtUUM  or  Prussian.  A  name  applied  by  Graham  to  a  hypothetioil  ndide, 
C*N*  —  Cy*  or  Pr,  polymeric  with  cyanogen,  which  may  be  supposed  to  exist  in  the 
ferro-  and  ferricyanides ;  e.q.  [Fe  —  28],  ferroprussic  acid  =  (H-Fe)Pr ;  ferricyanide  of 
potassium, <(K*Ife*)Pr,  &c.  &c. 

A  name  sometimes  applied  to  blende,  Zn*S ;  also  to  a  variety 
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neutral  inUy  # 


^r  eoiliiu,  FrK>MI*0,  ealkd  ftl«o  aammtiMtnde,  both  of  wbicli  ooctir  »l  Pmbroni  in 
Bohemia. 

PSATTmnr,    8jn.  with  Haatut  (iii  14). 

i>ssti3>a«ACBTic  Aczn.    ^11.  with  BcTTtt&cmc  AciB  (L  €S8]l 

P8£T71>0-AI.BXTC«     Syn.  with  AMiKsnf  (L  291). 

»SBiri»0-AXKAminV.     Sya.  with  AxcBuaof  (i.  290). 

FSxmiO'JLPATZ^rs.   Opjixpi*  crjsCaU  of  jMUtiiftilj  dMompo»ed  &pfttite  from  the 

f*htirf»rittt  nune  neaf  Fr4!'ibcrg. 

P8EtT90airrTlbZC    AI^OBOS.     SeeTrrKTtic  KiJCt>noLK 
F9IStrS0CKBTS0X.XTS.     A  gr<^en  Qb!fti4lian  from  MoJdHUlhfm  in  Bohemia. 
PSBlTSOCS&AXIf.     A  name  girm  1iy  Wurington  and  FniQi.'!;^  to  an  ftfnorphdlM 
uliKiAn^v  olitaini^il  hy  f^^iponifviag;  beeswax  wtth  poiasb^  Aiid precipitating 
(Hull J w.  d  Chem/vi.  682,)* 

(X  Lakow»ki,  R^p,  Chim.  »pp.  iiL  77-)  — An  alValoId 
obuiaod,  logethor  wilh  oleAiidrine^  frum  the  leavi^  and  branchtv  of  the  oleander 
{Nrrum  Olm»der\  Bgr  e^nctly  preiipit siting  the  conceafrated  uqiieouji  decoWioo  witb 
tiumte  icid,  wuhtoff  the  prmpitAt<*^irith  a  littlf^  cold  wiit*T,  and  then  trt'tiring  it  with 
a/qufoui!  tannic  acid  fur  a  jihort  timo  only,  taiuiAtP  of  pBettdo-eimrine  m  obtained 
i»  solution,  while  tannat**  of  olwindrinp  rc^mainB  behind. 

The  solution  of  the  former  is  boiled  with  finely  pnlveriii^d  Jitharipp,  the  filtmte 
eviip«>nii<Hl  nearly  to  dryne«B,  the  residue  freed  from  oleandrine  by  ether,  and  tlw?  por- 
titm  ir.     ^  :' '      n  that  liquid  is  dissolved  by  iU«ohoL 

Oti  l:  the  alroholte  Bolation,  paeado-carar  toe  remaina  aa  a  jellowiili, 

ivth*M<  .  -  JUS  rHrni«h,  rery  eoluhle  in  w^ter  nnd  in  aleohol,  inaolnliie  in  allifsr, 
and  niin-%'olatiie.  It  neutralieee  strong  arid«,  but  do**(i  not  form  eryirfaUiiiable  aaito. 
Tile  aviations  are  precipitated  by  mercitric  luid  platimc  ehJoridea.  IVnado-cuxaiine 
appenrs  tu  have  no  action  on  the  animal  or^aniam. 

Th^'  tannitte  of  oleandrine  left  undiMolrod  u  a^ore  is  taken  np  hr  ether ;  and  IIm 
eirtlutiou  m  (reatH  with  qnicklime,  which  preetpitAtea  tannic  acid  and  chlorophyll.  On 
If'uring  the  6ltrati^  to  t>vapomtc,  oleandrinc  in  oUain<<d  iia  a  slightly  yellowitih  reai- 
fioud,  Tcry  bitter  siil>8tance,  slightlT  soluble  f  ■  '  >  \»\\y  solubii*  in  alcohol  and  in 
ethtr.    It  apjM'ars  to  form  unerj^tftaaliaiible  ^^  jt  ivjns  of  which  are  precipiUitcd 

b?  the  chlorides  of  gold  iind  phitinum.  Oir.i„...  ..^  ^c.Ut  m  u  local  irritant,  produeinit 
violent  eneezing,  vomiting,  purging*  and  intermittent  tetanus,  aometimea  with  fAlal 
resultii.  When  injected  into  the  jugnUr  vein  of  a  dog  or  a  rabbit  it  quiekJj  d^atroyv 
life. 

FSBiniOOlJL^XtTX-AXiCOHa^     See  Sncoin>jL«T  Ax4:^moLa. 

P ajum O-EK Y XHjtnr.     An  old  name  of  elhyltc  orsellinate  (p.  236). 

PSSirsOBSXT&^^A&COSOIL   or   DiiiUj^iio    MotwAjfdrnU.      See    Sscokiuat 

A  l,C0HilLS. 

F8Z71>0»BSXTZ.»OXiTC:0&  or  Diallylk  DUkyAroU.  Seo  BaooxsiMXT  Ajux»HjC»L8. 

FS£t3^0X.STTaiirS.     8«y»  Lbdctkb  (iiL  682). 

P8Bin»OX.XSBTaBB^ZT&  Ca*P'0".CtiHK)'.HK7.  (See  pHospoATxa  of 
C'OFrEH,  p.  561.) 

BaB^rziOlCAXiA.GaiTB.      Syu.    with    Pao8PE0C▲fvcm^     Ca'P'O'.aCulPO* 

(p.  561). 

PBBtrBOBKOBPB.     A  mineral   having   a  definite  form,  belonging;,  not  to  the 

fiubstanco  of  which  it  actually  conaiata,  but  to  Bomo  other  anbetance  which  bus 
wholly  or  partly  diaappearad.  FaemdiMiioipha  luive  been  daaaed  nnder  lour  principjil 
beads: — 

1.  Pseudomorphs  hif  altenttum  :  those  formed  by  a  gntdual  change  of  composition  in 
the  apeetoai  »■  when  augite  ie  altered  to  at««itite. 

2.  Bytuhaiiiutifm :  those  formed  by  the  replacement  of  a  mineral  or  other  ffnbstance 
which  has  been  removed,  or  i«  grodaally  undergoing  removal ;  e.  ff,  the  petrificmtion  of 
wood. 

3.  By  incrustratHfU  :  thoae  formed  by  the  incnistTOtion  of  a  crystal,  which  may  be 
■libaeqiit'ntly  dissolved  away,  fM  cauify  often  being  subeequently  filled  hy  iotiltrattoa; 
§*g,  the  ehanjQ;e  of  tluor-spar  to  quartz. 

4.  ^y  paramo rphism  :  thoee  fonned  when  a  roincra!  pa«5c«  from  one  dimorphoua 
■tale  to  another;  €.g.  change  of  arr^giomte  to  calcspur.   (See  Qtoutor,  Cukmistbt  of^ 
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ii.  833-836;   also  Dana's  Mineralogy,  i.  222,  wber«  a  table  of  pMudomocphs  is 
given.) 

3eA  MoBPHiNX  (iii.  1061). 
Syn.  with  EBTTHBOMAinnTB  (ii.  604). 
PSSUBO-PSOFTUCO    A&COBO&.     See  Tbittijc  AxcoHOLS. 

F8Bin>pPBXTB*  A  serpentine-like  mineral  from  the  Zdjar  mountain  near 
Aloysthal  in  Moravia :  of  specific  grayity  » 2-76 — 2*77,  and  containing,  aoeording  to 
Hauer,  33*42  per  cent.  SiO',  15-42  Al'O',  3404  MgO,  2*68  FeO,  and  12'68  water, 
whence  the  formula  3(2MgO.SiO«XAl»0«.SiO«)  +  6H*0.  (Kenngott^  Wien.  Akad. 
Bep.  xvi.  170.) 

ySBUBOprntWUir.     See  PuRPTRm. 

P8JnnK>Q'U'ARTKZTB.  A  rock  occurring  in  the  Val-de-Tignes  (TarentAise  in 
SdYoy),  very  compact,  of  greyish  white  colour,  and  consisting  of  slender  laminie  inter* 
lacea  and  cemented  together  by  a  quarte-like  substance.  Specific  gravity  ss  2*704. 
Contains  7990  per  cent.  SiO«,  16-63  A1«0»,  044  Fe«0*.  trace  of  lim^,  0*94  MgO, 
2'72K*0(w)th  trace  of  soda),  trace  of  chlorine,  and  1-68  water.  (A.  Terreil,  CompL 
rend.  liii.  120;  Jahresb.  1861,  p.  1082.) 

PSaVBOQUZmviik  A  peculiar  base  said  to  have  been  obtained  by  Men- 
gar  duque(Compt.  rend,  xxvii.  221)  from  a  cinchona  extract  of  unknown  origin.  It 
neutralised  acids  completely,  decomposed  ammonium-salts,  was  insoluble  in  ether  and 
in  water,  but  soluble  in  alcohol,  from  which  it  crystallised  in  irregular  priBms.  Ita 
solution  in  chlorine-water  assumed  a  reddish-yellow  colour  on  admtion  of  ammonia, 
whereas  quinine  similarly  treated  turns  green.  It  was  tasteless,  and  its  sulphate, 
which  crystallised  in  fiat  prisms,  was  scarcely  bitter.  The  base  gave  by  analysis 
76*6  per  cent,  carbon,  8*16  hydrogen,  and  10*3  nitrogen. 


A  term  applied  by  Elotzsch  (J.  pr.  Chem. 

Iv.  242)  to  the  solid  ciTStalline  bodies  separated  by  reduction  of  temperature  from 
certain  volatile  oils  and  resins,  and  distinguished  from  the  true  stearoptenea  by 
their  greater  solubility  in  hot  water ;  such  are  the  alyxia-camphor  from  Myxia  arc- 
nuUica ;  geranium-camphor  from  Pelargonium  odoratissimum,  coumarin,  the  camphor 
of  Anihaxanthum  odoratum  ;  auricula  or  primrose  camphor  from  Primula  Auricula,  and 
the  camphors  of  several  other  species  of  the  same  genus.  These  pseudo-stearoptenes 
often  separate  on  the  outer  surface  of  the  plants,  as  in  Primula  and  Ceroj4eri9. 

P8BI7B08TBATZT1I.    A  mineral  externally  resembling  talc,  filling  a  cleft  of 
the  serpentine  of  Bathgate  (Linlithgowshire).     It  is  brittle,  unctuous   to  the   touch, 
has  an  uneven  fracture ;  hardness  =  2*2,  and  specific  gravity  ==■  2'469.     Two  analyses, 
a  by  Thomson,  6  by  Bin ney  (Edinb.  Phil.  J,  1862,  xvl  66),  gave : 
wo*.  AIS0>.         CaO.  MgO.         FeO.  H<0. 

a,         41-89         22-06         242         616         6-62         2022     -     9936 
h.         42-78         22-63         2*64         676         6*31         18*68     -     9960 
PSBUBOSirXiPBOCTAVOOBir.     Syn.  with  Psbsulphoctanoobn  (p.  380V 

PSBUnOTAIiCZTB.  A  mineral  fh>m  the  Val  d'Arbonne  (Turentaise  in  Savoy), 
appearing  under  the  microscope  to  consist  of  greenish,  transparent,  crystalline  lamins 
and  small  pyramidal  quartzTcrystnls.  Before  the  blowpipe  it  lopes  its  greenish  colour, 
and  in  small  pieces  melts  easily  to  a  stony  vitreous  whitish  mass.  According  to 
Terreil  (Coropt.  rend.  liii.  120)  it  contains  85-96  per  cent,  silica,  8-50  alumina,  1-40 
ferric  oxide,  0*77  lime,  1*31  magnesia,  and  2'66  potash,  with  a  trace  of  soda 
(=  100  60). 

PSBVBOTOJLnra.  The  name  applied  by  Brandes  to  a  light  yellow  poisonous 
extract  prepared  from  belladonna  leaves ;  soluble  in  water  and  aqueous  alcohol,  inso- 
luble in  ether  and  in  absolute  alcohol,  precipitated  by  tincture  of  galls  and  acetate  of 
lead,  coloured  green  by  iron-ealts.  It  is  not  a  pure  substance,  and  owes  its  poisonous 
action  to  the  presence  of  atropine.    (Handw.  vi.  683.) 

PSBHSO-iratZC  ACZ1>,  C^H'N^O*.  (S c h  1  i  e  p e r  and  B ay e r,  Instit.  1 860,  p.  1 82 ; 
Jahre.>tb.  1860,  p.  327.) — An  acid  obtained  by  the  action  of  potassium-cyanate  on 
dialuramide  (uramil).  Its  potassium-salt  is  deposited  in  the  crystalline  form  when 
dialuramide  (or  murexidc)  is  heated  with  excess  of  potassium-cyanate  till  the  liquid  no 
longer  turns  red  on  cKposur^  to  the  air ;  and  on  mixing  the  solution  of  the  rerrystalli^ed 
salt  in  potash-ley  with  hyJruchloric  acid,  the  pseudo-uric  acid  is  precipitated  as  a  white 
crystalline  powder  made  up  of  small  prisms.  It  does  not  lose  weight  at  100**,  is 
tasteless  and  inodorous,  veir  slightly  soluble  in  water,  but  easily  soluble  in  caustic 
alkalis.    It  decomposer  carbonates   and  acetates,  and  readily  yields  alloxan  when 
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treated  with  iiitm  add.  When  latpeoded  in  wftl«r  and  hnM  with  pefoxida  of  lead, 
it  givf  off  carbcKiic  anhydride,  and  yieldi  oxalate  and  psoado-unte  of  lead,  tmt  no 
nllaatoin  ;  the  nolber-liqtiort  pn>b;iblj  oantAin  oxalarate  of  load  ai  well  as  urea. 

Tb«  pBcudo-ti rates  mrt  easily  obtained  by  the  action  of  tho  acid  on  the  cor- 
responding hydratee.  carbonaUfS,  or  acetates ;  or  thoy  may  be  pnidneed  daroctly  by  the 
action  of  diaJfuamide  on  the  corresponding  cyanates. 

The  omnkmium^,  0»H*(NH*)N'OMI»0,  cr}'»talli«e«  from  the  solntion  of  the  add 
in  hot  dilute  ammonia,  in  snmll  lamlnie  or  bolky  needles,  whieb  are  not  more  soluble  in 
atMMtg  than  in  d]lut«  ammonia,  and  do  not  take  up  an  additional  quantity  of  ammonia. 
It  don  not  give  up  it«  crystallisation-water  till  heated  aboTe  lOO*  ;  at  ISO^  it  turns 
red  and  gires  off  ammoaia.->TUe  #My/amiiie-  and  ani/inf-^U  reeamble  the  ammontuin- 
talt,— The  p0(4usivm-M/i,  C*H*KKH)*.H'0,  forms  small  ebininff  scales  which  do  not 
mre  np  their  water  till  heated  aboTO  HO^,  and  decompose  and  turn  ird  at  180<*. — 
The  todium-mii,  C*H*NaN»0V2H'0,  forms  cauliflower-likp  groups  of  prisms,  eamly 
soluble  In  hot  wat«r,  and  giTing  off  their  water  of  crystallisation  at  I-KP.  From  ita 
eoiurioci  in  caustto  soda  it  sepazates  In  tho  amorpboua  itat«,  but  without  change  of 
compoftitton. 

The  harium'tdt,  C'*H»*Ba*^"0».6H'0,  fornu*  sphmcal  groups  of  long  slender 
needles. — The  catcium-aalt  is  obtaini^  in  Hue  prisms  on  precipitating  the  solution  of 
eithfir  of  the  alkali-metal  salts  with  chloride  of  calcium. 

The  citprie,  fnercurons,  meremric^  and  kadsalt^  are  also  crystallisable,  the  laat  with 
1  at,  i*iit«r  ;  the  ^Uver-sali  in  very  eaaily  deeom post  bio. 

yaSirx>avsmAT&za-B.  C'm^WQ*?—A  resinous  sabstaBce  obtainod  fttm 
eabadilliirseeds  r  also  called  Vfratrin'resin,  and  Hdonime  (from  ffettmitu  affiemattM^  Iha 
plant  supposed  to  yield  ihPH^  w'tds).  It  is  proparod  by  treating  the  alooholio  extract 
of  the  seeds  with  water  coauiuing  Mulphurii*  aciJ,  adding  nitric  acid  by  drops  to  the  acid 
Ii<ju{d«  dncanting  the  solution  frt>m  fJio  piiichv  substaiice  thereby  sepantad,  and  pre- 
cipitatiog  with  potash.  The  resulting  precipitate  is  diasolTed  in  alcohol,  and  the 
yellow  rf^noUB  mass  which  remains  on  eTsporating  off  the  alcohol,  is  treated  with 
water  to  extract  sahadillin<i,  and  with  ether  to  extract  TSfStrine.  Pseudovcralrine  then 
remains  behind.  It  is  a  brown  snbetanoa,  solid  at  ordinary  temperatnr«ts,  melting  at 
iSft^,  and  dt>conip(^>eing  at  a  higher  teoiperatunp,  with  evolution  of  nitrogenous  pro- 
ducts. It  is  soluble  in  alcohol,  insoluble  in  water  and  in  ethor.  It  dissolves  iu  iwids, 
but  docs  not  neutralise  thcra.     (Couerbe,  Ann.  Ch.  Phys.  [2]  Ui.  352.) 

^ax^QMaOLAVa.     iSee  Mahoaioub,  Oxidks  or  (lii.  812). 

3FSOB.&^lSA#  The  UDilriod  root  of  /V>na/sa  escnlenta  contains  Q-tiS  nitrogen  and 
1  (i?  aah  ^Payf'n,  Jahrc^b.  1849,  p.  708). — Ptoralea  glandidotta  or  Hex  partwtmyenna 
is  the  plant  whtn^e  dried  loaves  yield  Paraguay*tea  (p.  ^9).  According  to  Lenobla 
(J.  Pharm.  [3]  xviti.  199),  this  substance  contains  a  peculiar  crystuili^ahli}  nitroeo* 
nona  body  which  b^  calU  jr^oroi/iW  /  but  it  is  doubtless  identical  with  atffhine^  which 
haa  been  sihown  by  Stenhouse  to  exist  in  tho  dried  leaves  to  the  ;imonat  of  I'l  to  1'2 
per  cent, 

IPTa&STl^  CH*. — A  radicle  soppoaed  by  Kano  to  exist  in  the  meaitylano- 
cnmpounds :  thus,  trichloromositylene  C*lI'Cl*  waa  regaided  an  chlortdc  of  ptaleyl, 

PTSmXTAlVinC  ACXXI.  C**H»*0*?  (Luck,  JahrK  pr.  Pharm.  xxii.  173; 
Gin.  IT,  iJO'K)— An  acid  omtnined,  t^^ethcr  with  tAnniii<pidic  acid,  in  the  root  of 
A^ulmm  Fthjc  majt,  Whon  the  conn»*^ly  pounded  root  m  lK>il«l  with  alcohol  of  75  to 
80  per  cent,  and  the  decoction  is  mixed  with  water,  a  snudl  quantity  of  hydrochloric 
nria,  and  pulverised  sulphate  of  sodium,  a  precipitate  is  formed  contiiining  th^  two 
acids.  Thin  precipitAte  m  collected,  washed  with  solution  of  sodic  sulphate.  preaaiKl, 
agsio  triturated  with  water,  and  digested  for  half  an  hour  at  60*— SO**,  with  wal*»r 
cuntaining  hydrochloric  acid,  whereby  ammonia  and  ether  bates  aro  removed.  The 
residue  washed  with  water,  dried,  and  exhausted  with  ether  free  from  alcohol,  yields  a 
solution  of  pteritannic  acid  and  a  residue  of  tannaspidic  acid.  The  ethereal  snlntioti 
leiivGs  on  evaporation  a  black-brown  residue,  whtch  is  digested  with  distilled  mineral 
nnphtha  as  long  as  the  oil  is  thcrebv  coloured  br»jwn.  The  undissolved  powder  is 
collected,  pressed,  triturated  and  boiled  with  water,  the  reainoua  oako  is  dissolved  in 
ether,  and  the  Molution  is  evapor^ited. 

Pterttannic  arid  thtig  obtained  is  a  black-brown,  amorphous,  (thiningmaH^.  yielding  a 
fawn-coiourcd  elr^ctnc  powder.  It  is  tasteless,  but  has  a  faint  wlour  and  slight  scid 
reaction  ;  insoluble  in  water,  but  soluble  in  alcohol  and  ethor.  The  alcoholic  ?»oIijtion 
formh  brown  prin^-jpitatew  with  the  chloride*  of  barium  nnd  calcium,  and  green  precipi- 
tates with  forrous  and  ferric  salt*.  With  ba«ic  acetute  of  lead  or  with  excess  of  the 
neutral  acetate,  it  forms  a  precipitate  containing  C"H^Pb'*0»,  and  the  liijuid  flltcntd 
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therefrom  yield*  with  ammoDia  a  precipitate  containiDg  2C*^H"Pb''0*.Pb'^*0* ;  by 
precipitation  with  a  smaller  quantity  of  the  neutral  acetate,  an  add  aalt  is  fonned 
containing  C«H«Pb''0".C««H»0»? 

Telrachloropteritannic  acid,  C'*H'*C1*0*,  is  a  light  loam-coloured  powder  obtained 
by  passing  chlorine  into  water  contaiining  pteritannic  acid  in  solution.  It  reacts  with 
metallic  salts  like  the  latter.  The  alcoholic  solution  yields  with  basic  acetate  of  lead 
a  salt  containing  C^^B?*^h"Ci*0*M}0.—HexchloropterUannic  acid,  C**H«*C1«0«,  is 
obtained,  as  am  orange-coloured  powder,  by  the  action  of  dry  chlorine  on  pteritaimie 
acid.  Its  alcoholic  solution  yields  with  basic  acetate  of  lead  a  precipitate  containing 
C««H«Pb''Cl«0''.H*0. 

So-called  EthiflpUTitannic  acid.  When  a  solution  of  pteritannic  acid  in  absolute 
alcohol  is  boiled  with  a  small  quantity  of  hydrochloric  acid,  a  purple-red  solution  is 
formed  which,  wben  mixed  with  a  small  quantity  of  water,  deposits  a  black*red  resin 
containing  C*-H**0'\  and  when  dropt,  with  agitation,  into  a  large  quantity  of  water 
yields  a  light  purple  powder  having  the  composition  C*^H""0'*.  Luck  r^ids  these 
products  as  containing  respectively  (p-^IP^O^^  -  2C^*W*O'.C*H^0  and  C^H^O^*  — 
2C^*H**0\C*IP0.H0  ;  but  neither  of  them  has  actually  been  resolved  into  ptejritannie 
acid  and  adcbhoL 


A  sulphuretted  albuminous  substance  contained  in  the  saliva  of  ths 
parotid  gland ;  it  differs  in  some  of  its  reactions  from  albumin,  mucin,  and  casein. 
(Covacs,  J.  Pharm.  [3]  xlii.  92.) 

PTTCBOTX8  AJO'WAV.  An  umbelliferous  plant  growing  abundantly  in 
Rajpootanah  and  other  parts  of  Central  India,  and  well  known  for  its  aromatic  and 
carminative  properties.  The  seeds,  which  resemble  those  of  the  caraway,  excepting 
that  they  are  much  smaller,  have  a  very  agreeable  odour,  like  that  of  thyme-oil,  and 
when  repeatedly  distilled  with  water,  yield  an  essential  oil  amounting  to  6  or  6  par 
cent,  of  their  weight  and  consisting  of  a  hydrocarbon  isomeric  with  oil  of  turpentine, 
holding  in  solution  a  camphor  or  stearoptene  identical  with  thymol  C**H'K)  {q,  v.). 
The  hydrocarbon  separated  by  fractional  distillation  and  purified  by  treatment  wiUi 
chloride  of  calcium,  potash,  and  potassium,  is  a  colourless  aromatic  oil  boiling  at  172*', 
and  having  a  density  of  0*864  at  12*^.  When  treated  with  hydrochloric  acid,  it  yields, 
not  a  crystalline  compound,  but  a  brown  mobile  liquid.  (Stenhouse,  Ann.  Ch. 
Pharm.  xeiii.  269 ;  xcviii.  307 ;  Ghem.  Soc  Qu.  J.  ix.  234.— Hiiines,  Chem.  Soc  Qu. 
J.  viii.  289.) 

PVCCnrB.  A  doubtful  alkaloid  said  to  exist,  together  with  sangninarine  and 
another  alkaloid,  called  porohyroxine,  in  the  root  of  &ingvinaria  canadmm.  {Q.  D. 
Oibb,  Pharm.  J.  Trans.  [2]  i.  454.) 

PnSB&ZXrO.     See  Iron  (iii.  347). 

PUXAATZXi&A-CABKPBOB.     Syn.  with  AifsXONlN  (i.  291). 

PVBKXCB.     See  Obsidiav  (p.  169). 

PUVABZiXTB.     Syn.  with  Poonahlite  (p.  688). 

PUWZCJL.  The  root-bark  of  the  pomegranate  (PHnica  Granatum)  yields  when 
air-dried,  13*22  per  cent.,  and  when  dried  at  100°,  16*02  per  cent  ash,  containing 
4*76  K»0  (with  trace  of  soda),  48*87  CaO,  1*84  MgO,  0*76  Fe»0»,212P«0*,  3*29  8iO«, 
0-98  S0»,  0*46  CI  and  38*76  C0«.    (Spiess,  Jahresb.  1860,  p.  650.) 

PmrXCXW.  An  acrid  uncrystAllisable  substance  obtained  from  the  bark  of  the 
pomegranate  tree.    (Righini,  J.  Pharm.  [3]  v.  298.) 

PVBP&B,  AJnULWm,     See  Aniline-dtbs  under  Phkntlaxinb  (p.  466). 

PBBPXJi  or  CAS8ZU8.     See  Gold-pubflb  (ii.  938). 

PVBP&B  COPPBB.  Variegated  Copper,  ErubescUe,  A  native  sulphide  of 
copper  and  iron  (ii.  78). 

PBBP&B  CBVOBZB.  A  term  applied  by  Stokes  (Proc  Roy.  Soc.  xiiL  357) 
to  the  colouring  matter  (cruorin)  of  the  blood  when  partially  deoxidised ;  in  its  mors 
highly  oxidised  state,  it  is  called  scarlet  cruorin, 

PITBPVBATBS.  Scheele,  in  1776,  observed  that  the  solution  of  nrio  add  in 
nitric  acid  reddened  the  skin  and  left  a  deep-red  residue  when  evaporated.  Proiit» 
in  1818,  obtained  this  colouring  matter  in  the  crystallioe  form,  and  regarded  it  as  the 
ammonium-salt  of  a  pe^liar  acid,  purpuric  acid:  by  double  decomposition  he 
succeeded  in  obtaining  other  metallic  purpurates,  which  were  similarly  coloured.  He 
regarded  the  colourless  substance  which  is  separated  from  pnrpurate  of  ammonium  by 
strong  acids  (murexan)  as  purpuric  add.    Lie  big  and  Wohler  (Ann.  Ch.  Pharm. 
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iftvi,  910),  tbovod  tii4l  Front  •poipurie  acid  did  not  po«Mcw  tht  property  of  forming 
takma^d  Mlts,  Md  m  «oiild  not  be  ooniidcred  m  th<«  noid  uf  the  purpumtiw ;  farther, 
tiMgf  reg&nkd  Prout't  ooovpoiitid,  &ot  m  ad  nmmunium-^iJt  but  u  lui  «midc.  And  pro* 
ukMd  l<jd«MgMt«  it  miirexide,  I^er  roMAfchM,  bovervr,  bj  Fritx«ebe  (J.  pr* 
uhMA.  zTi.  3S0:  ZTu.  43),  Mid  Beiietein  (Ann.  Qh.  rhArm*  crii*  176).  tend  to  e«* 
tftbliab  it  na  A  tni«  ftmmoBJum-mdL 

Piirpnric  add  tvui  nerer  been  lAoliitod,  bsing  d«ocmipOii«d  vWn  ita  iiattJi  ure  treated 
witii  a  irrongur  acid.  Taking  th^  iotmnl^  of  Um  aaimoDiiun^fialt  aa  C*H*N*0^  » 
r'H*(NH<)N*0»,  Uic  acid  i*  roprf^^ied  bj  th*  forma]*  C'H^N'OV  Laurent 
(t'OmpL  rend.  ixet.  629)  rei^ard^  it  aa  mim^zaiiic  add,  th«  amic  add  of  alloxautlD  or 
moraxie  add.  Beilstein  ooondcn  tt  aa  a  dlbaaie  acid,  and  r^gianlfl  murmidi}  mid  other 
noimal  pnrpimtea  aa  add  lalta, 

PnrpuatM  are  all  diatiDgnishied  by  their  tf^Iendld  purple  coloor ;  many  are  gold- 
girefln  Df  reflected  li^L 

Purpuratt  ef  Ammonium  or  Murexide. — ^ThiB  eiilt  if  formrd  in  a  great 
rariety  of  cirruniBlances:— -L  By  heating  dialurat^  of  amraonium!  2C*H*N*0*  +^  5  = 
C»H"N*0»  +  H'O  (ii.  S16).— 2.  By  the  oaidation  of  dialuniinido  by  thi?  oxi'dei  of 
Rilrrr  or  morcury.— 3.  By  efpoaing  to  the  air,  or  adding  alh^xan  to,  lui  ammoniafal 
solution  of  diidummide:  <7H*N*0'  ^  2NH»  *  C*H»N*0*  ^  IPC— 4.  By  the  actfon 
of  Ammonia  on  alloxantin  (i.  139),— 5,  By  expowijig  to  the  air  an  ammoniHral  aolntion 
of  mUTi'xan.  A  aoIuCion  of  uric  add  in  diluto  nitric  acid,  as  it  containa  alloxan  and 
nUosantin,  yielda  pnnnmte  of  aramoninm  on  addition  of  ammonia.  It  la  by  tbie 
ijiotma  that  mnrexiaf  ii  oiN|m«d  on  the  manufacturing  acale  for  uae  in  dyeing. 
Jk«aording  to  Beilitdn,  the  nest  metiiod  of  peparing  murezide  is  by  the  action  at 
merrnric  oxide  on  dialnramide.  4  pta.  of  diaJuramide  and  S  pta.  of  merenric  oxide  are 
diaaolred  in  30  to  40  pt«.  of  water,  a  little  ammonia  ia  added,  and  the  whotf"  ta  boiled 
for  a  few  minntef),  aDd  filtered  off*;  the  filtrate  on  cooling  dcpodta  cr}ittitU  of  murexide, 
th(^  quantity  of  which  ia  inerfAsed  by  adding  carbonatt^  of  ammoDrum  when  tlic  liquid 
ia  nearly  coob  Gregory  prepares  it  by  dissolving  4  pts,  nlloxantin  and  7  pta,  tetra- 
hyd rated  alloxan  in  240  pta.  boiling  wntfr,  and  adding;  80  pta.  nf  a  etild  snturated 
eolutioQ  of  carbonate  of  ammoninm^  Frit3*cbe"fi  method  of  ailditig  carbonatf  of  ammo- 
nium to  a  boiling  aolntion  of  alloxan  prolmbly  depends  upon  the  formiuioo  of  alloxui* 
tin  by  th*^  action  of  heat  on  the  alloxan-solution.  since  with  pnr>^  alloxan  no  murexide 
ia  obtained^  Omelin  obtains  it  by  the  loqg-eontlinied  action  of  dry  ammonia  on 
lliiely-poiimded  aUoxantin,  tht*  reanlting  brown-ffd  maaa  lieing  rcpeMt^d ly  pulvf^rifed, 
and  f^poeted  anew  to  the  action  of  the  gaa;  the  fr^  ammonia  ii*  then  removed^  andtb* 
prudutt  diMsolviKi  in  as  littlf^  hot  waUr  as  postf^iblc,  and  cryt^tttUi^ed. 

Purpurate  of  ammoniQui  cry^talli/te^  in  four-^ai'iii^d  piism^i  which  AM  gamet-eoloiired 
by  tTflJiftniiitted,  rich  gold-^'eeu  by  reflected,  lighL  They  contain  1  at.  (6-54  per  cent.) 
water  of  crir.4tttUiaation,  wbidi  thiiy  Irn^t*  when  heated  to  100'^.  car  when  dried  in  vacuo 
OTor  sulphuric  acid  ;  they  are  tbim  converted  into  a  brown -r*^d  powder,  whieli  acqnii^es 
Wider  the  bumiaber  a  gri*«0  colour  and  metallic  luatre.  It  ia  alightly  soluble  in  cold 
WqUt,  mor«  ojuiily  in  not  water,  forming  a  splendid  purple  acTution;  inaoJuble  in 
Jllooliol  or  ether.  The  aqu-'oua  solution  of  purpurate  of  Hnimonium  is  decomposed  by 
h^fwhloric  or  sulphuric  add,  murexan  being  pn\!ipitated,  while  the  supematiini 
liquid  contains  alloxan,  alloxantin,  urea,  and  ammonia.  Purpurate  of  ammonium 
disaolvca  in  cold  pctojth^  with  erolution  of  ammonia,  forming  an  tndigo-blue  solution, 
which  ia  deeolonaed  by  beat,  after  which  the  addition  of  aulphurie  acid  predpitatea 
murexan.  Nitnc  acid  conv^^rta  murpxidc  into  alloxan.  An  nqueoaa  solution  of 
nmrrxide  ia  decomposed  by  MnJphttrttttd  hi^dro^tn.  murexan  hr  ing  precipitated,  while 
the  supernatant  liquid  eontaina  alloxantin  and  dinluric  acid;  na  bydruenlpbat^  of 
ammonium  ia  £»rmed.  Heated  with  ejfanate  of  potuM^Mm,  it  yieids  pseudo-urate  uf 
potaasinm  (p.  746). 

Variooa  fonnuJtt  have  been  proposed  for  purpnrate  of  ummoninm.  Liebig  and  Wohlet 
give  C'H'NHl*;  Kodweias.  C*H«N*0* ;  Fntaaehe.  C"H»N*0*  *.  That  adopted  Ijt 
timetin,  Qerfaardt,  Lanrenl,  Bcilateia,  &c.,  and  now  generally  at^oepted,  is  C^H^I9*0^* 
Tb«  fbllowing  are  tbe  rBsulia  of  analysis  : 
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Murexide  ia  aaed  in  dyeing  for  tbe  production  of  Tarioua  shades  of  red,  purple,  and 
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yellow.  Its  loluttoii  mixed  with  merenric  salts  produces  fine  red  and  purple  eolours  oa 
silk,  wool,  cotton,  and  leather ;  and  with  dnc-salts  it  yields  orange  and  yellow  colonia. 
The  colours  thus  obtained  are  very  fresh  and  brilliant,  and  may  be  exposed  to  light 
without  fading ;  they  are  however  excessively  sensitive  to  the  action  of  sulphurous  add, 
which  tarnishes  and  discolours  them  with  extreme  rapidity.  This  is  a  great  drawback 
to  their  employment  in  places  where  the  use  of  coal-gas  has  become  general. 

A  few  jears  ago,  murexide  was  very  largely  used  for  dyeing  and  calico-printing,  the 
weekly  yield  of  one  fhctory  alone,  that  of  Mr.  Rumney  of  Manchester,  having  amounted 
to  no  less  than  12  cwt. ;  but  it  has  since  been  nearly  driven  out  of  the  field  by  the 
aniline  colours.  {Report  om  Mwrexid&^yeina  by  R  Kopp,  lUp.  Chim.  app.  i.  79 ; 
also  Hofmann's  Report,  iSfHI,  p.  118.-^ahresb.  1867,  p.  649  ;  1858,  p.  671 ;  1860, 
p.  762.) 

Purpurate  of  Potasaium,  C<fS*KNK)^ — Obtained  as  a  brOwn-red  crystalling 
powder,  when  concentrated  solutions  of  pozpurate  of  ammonium  and  nitrate  of  potas- 
sium are  mixed  together ;  when  freed  ftom  murexide  by  boiling  with  nitre,  and  re- 
eiystallised,  it  is  obtained  in  ciystals  resemblinp;  those  of  the  ammonium-salt,  but 
d^ker.  It  is  slightly  soluble  in  water,  still  less  m  saline  solutions.  After  dryins  at 
100®  it  loses  8*04  per  cent,  water  at  300®  (Fritssche);  2*96  per  cent  (Beilstein). 
The  deep  blue  colour  of  a  solution  of  murexide  in  cold  potash  appears  to  be  owing  to 
the  presence  of  a  basic  potassium-salt. 

The  iodium-salt,  C*H«NaNH)^  is  obtained  like  the  potassium-salt. 

The  barium-salt,  C^^Ba^N^^O",  is  obtained  by  precipitating  acetate  of  barium 
with  murexide.  It  is  a  dark-green  powder,  which  becomes  purple-red  when  triturated ; 
slightly  soluble  in  water,  forming  a  purple  solution.  At  100"^  it  loses  8*78  per  cent, 
water. 

The  strontium-  and  caleium-salts  are  similarly  obtained  with  nitrate  of 
strontium  and  chloride  of  calcium.     They  are  slightly  soluble  with  a  purple  colour. 

The  magnesium-salt  is  very  soluble,  with  purple  colour. 

The  lead-salt  has  not  been  obtained  pure.  Murexide  added  to  an  acid  solution  of 
acetate  of  lead  gives  a  red  solution  which  gradually  deposits  red  crystals  which  are  not 
homogeneous. 

Silver-salts, — ^The  mono-argentie  salt,  C*H*AgN*0«,  is  obtained  when  a  rather 
dilute  solution  of  murexide  is  added  to  a  dilute  solution  of  nitrate  of  silver  acidulated 
with  nitric  acid.  It  forms  crystals  resembling  those  of  the  ammonium-salt ;  it  gives 
off  ito  water  (5*71  per  cent.)  at  100®. 

A  di-argentic  salt,  C*H*Ag*N*0*,  is  obtained  as  a  brown-red  powder  by  precipitating 
a  cold  saturated  solution  of  murexide  with  nitrate  of  silver.  With  ammoniacal  nitrate 
of  silver,  murexide  yields  a  deep  violet  precipitate  containing  CH'Ag*KH>*.2Ag*0. 
(Beilstein.) 

A  solution  of  murexide  is  coloured  yellow,  but  not  precipitated,  by  trichloride  of 
gold  or  tetrachloride  of  platinum.    (Beilstein.)  F.  T.  C. 

iMpurpoimtes.  C^^MNH)*  (iii.  483).— These  salts,  produced  by  the  action  of 
cyanide  of  potassium  (and  other  cvanides)  on  picric  acid,  have  the  same  composition 
as  the  purpurates,  and  resemble  them  vexr  closely  in  their  properties ;  indeed  isopur- 
purate  of  ammonium  is  undistinguishable  from  murexide,  ana  according  to  K  Kopp 
may  be  used  for  dyeing  in  the  same  way  as  the  latter. 

BIet«piir9iinitM,<7H*MNH)«.  (Pfaundlerand  Oppenheim,  Bnll.Soe.  Chim. 
1866,  ii.  99.y—T\it  potassium-salt,  C»H»KNH)*,  is  produced  by  the  action  of  cyanide  of 
potassium  on  dinitrophenic  acid,  and  differs  from  the  purpurate  or  isopurpurate, 
C*H*KN*0*,  in  the  same  manner  as  dinitrophenic  acid  differs  from  trinitrtmhenie 
(picric)  acid,  that  is  to  say,  by  containing  1  at.  hydrogen  more,  and  1  at.  nitryl  less. 
It  is  prepared  by  dropping  a  solution  of  potassium-cyanide  heated  to  60'^  into  an 
aqueous  or  alcoholic  solution  of  dinitrophenic  acid,  and  separates  on  cooling  in  the 
form  of  a  very  dark -coloured  crystalline  powder.  It  may  be  purified  by  washing  with 
a  small  quantity  of  cold  water,  recrystallisation  from  warm  water,  then  pressing  it  in 
a  cloth  and  drying  over  oil  of  vitriol.  When  moist  or  in  solution,  it  is  very  unstable, 
being  decomposed  at  the  temperature  of  the  water-bath,  but  if  once  dried  in  the  air,  it 
may  be  heated  to  100®  without  decompoeition ;  at  that  temperature  it  retains  1  at, 
water  of  crystallisation,  which  it  gives  off  (7'31  per  cent.)  at  160®. 

The  solution  of  this  potassium-salt  gives  dark-brown  precipitates  with  most  metallic 
solutions  and  with  the  chlorides  of  banum  and  strontium.  The  sUver-saU,  C*H*AgN*0* 
which  is  red  and  has  a  green  metallic  lustre,  obstinately  retains  a  portion  of  the 
potassium-salt  used  in  its  preparation. 

(Stenhouse,  Froc.  Roy.  Soc.  [1868] 
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rZii.  633;    i^iii    U5.-~8ebttti«iib«rg«r  Aod  Scbiffert,   Bull.   Soc.   iudu^tr.   d« 
liilhoitvei  1864,  p.  70 ;  Jihmb.  IS64,  p.  643.)— A  product  form^  by  the  iiciioft  of 

, TDia  oo  piupuria.    A  rteeotlj  prepared  iolutioii  of  parpuriu  in  ammonitt  J<^io«ita 

ipiLrpurin  uoalt4^r«d  on  addition  of  hydroehlonc  aeid;  but  if  left  to  itself  for  a  any  or 
LOt'iited  to  100^,  it  yields,  on  a*idition  of  hydrochloHc  or  dilato  aulphurie  acid,  s  diirlc 
viol<?t-ooloufe<l  precipitaie,  vhtch  diMsulvi^  in  alcobol  witb  deep  violet  ooiour.  andaepti' 
rtkUa  therrf rom  i n  crysttik  raMmbUng  murexide  (Scbiltsenberg  and  S c h i f f e r t) ; 
in  dark  crimion  nucroffcopie  oeedleA,  QJEhibtting  a  £jae  indi^Bceot  green  ooiour  by  reflfieted 
ligbt,    (dtenbouffe.) 

Steubotute  dfsaignAtef  this  subptimoe  u  purpnrci'ti  (from  tta  analog  to  orcein),  iJid 
repre^ntfl  it  prondoxuill^  by  the  formula  C*H*'N*0*» ;  Sehiitsi^nborgcr  tod  SebilTert 
reg&rd  it  as  purpura  mid  e,  and  as  formed  from  j*urpuriii  {lo  which  they  m^ifcn  tho 
formula  C»H"0'),  according  to  the  equaUon,  C^H'^O'  +  NH'  -  H*0  =  C^H'^NO*. 


Accofdinf  m  HtcnboU'e. 
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Th«  analytioal  fMultt  leaye  no  doubt  as  to  the  identity  of  the  tvo  producta,  Tho 
formula  proposed  by  Schutaenb^rgipr  and  Schiflen  is  perhaps  the  mon^  probable  of  tha 
two  (provided  their  formula  of  purpunn  is  com^),  Uiough  it  doen  not  agree  quitir  so 
closaly  with  the  aualysim  as  the  other,  and  moreover  the  compouad  has  not  been  shown  to 
posBMt  the  eharacUos  erf  an  amide,  St^nhouse  ref^ards  the  formation  of  his  purpureiu 
as  analogous  lo  that  of  oroeio  from  orcin  (p.  211),  that  is  to  say  aa  depending  on  the 
joint  action  of  ammonia  and  oaygen  (he  exposed  a  solution  of  purpurin  in  dilute 
ummouia  to  the  air  for  about  a  month,  ntneimig  the  water  and  Huimonia  as  they 
f'vaporated) ;  but  acooidizig  to  SehiitseiAbesgsr  and  Schiflert.,  the  forroatiou  of  the 
Mmmootacal  componnd  of  ponmrin  doc«  not  dcpesd  oo  oxidation,  the  Mune  prodact 
U  ing  obtained,  and  more  qnicitly,  when  the  ammoinacal  solution  is  heated  to  100^  in 
a  closed  vessel.  It  must  be  observed  also  that  Steuhouse's  purpart  in  was  obtiitned 
from  purpart u  prepwed  from  madder  by  E,  Kopp's  process  (iii.  749),  which,  according 
to  Sebiii^enbeirger  and  Schiffert,  ia  not  a  definite  product  (see  PuRFumiir). 

Purpurein  of  parpuramide  is  nearly  inf»i>1ub1e  in  sulphide  of  carbon  and  in  cold 
dilute  seide,  sightly  soluble  In  ether  and  in  cold  water,  more  easily  in  hot  water,  very 
easily  in  aloohol  and  in  dilute  aqueous  alkalin.  From  its  ttolution  in  cold  conceDtmted 
sulphuric  acid,  it  is  prt'^ipitated  by  wut«r  in  its  original  stttt«.  Its  solution  in  ether  or 
in  alcohol  eontsining  acetic  acid  exhibits,  according  to  Stokes,  absoipt ion-bands  ri^ 
aembliug  those  of  purpunn  in  character,  but  dijOTcrintr  in  situation. 

The  aqueous  solution  of  purpurcVn  is  precipitated,  like  that  of  orcein^  by  chloridt  of 
todium.  It  forms  a  rod  precipitate  with  cklonds  of  zuic,  pnrj4e  gelatinous  with  mtT' 
t'uric  chl&ridtt  dark  bfown  wiui  nitratu  ofMlver.  It  dyes  stlk  and  wool  a  6ne  roa«-rei) 
or  amaranth-ffd  without  the  aid  of  mordants,  but  mordanted  %*egetable  Ikbrica  are  not 
perniHuently  coloured  hy  it. 

The  solution  of  purpurein  in  aqueous  alcohol  gives  with  hromine'Waierf  a  yellow 
amorphous  precipitate*,  and  the  evaporated  filtrate  deposits  on  cooling  a  small  quantity 
of  a  bnuwn  resinous  powder.  A  solution  of  purpnre'in  tn  nitric  avul  of  ttpectfic  gravity 
1  36,  deposits  on  cooling,  scarlet  prisms  of  nitropurpurein,  insoluble  in  wat<»r,  e«her 
and  sulphide  of  carbon,  nearly  insoluble  in  alcohol,  but  soluble  in  hot  nitric  add. 
(St  en  house,) 


AMMftnucML,  (L  1062)i 


rraFvmsocoBAJblPie  SAXtTft,    See  D>aatT-B 

pm^trSJC  ACn>,     See  FiiRPU BATES  (p.  747). 

FtntymtZW.  (>H'0'  according  to  Debus  and  Stenhouse ;  C»H'»0'  according  lo 
Schiilaiobergor.  Ojctflisaric  acid  of  Debus ;  Madder-'purpie  of  Rungv ;  Maiiire  cmcr^ 
a  file  rote  of  Gaul  tide  r  de  Cbiubry.  (Col  t  n  and  Robiquet,  Ann.  Ch.  Phys.  [2]  xxxIt. 
244.  Oaulthi'>r  d«  Claubry  and  J,  Persos,  ihid,  xlviiL  69. — Pertoa,  tM,  H. 
no.— Runge,  iftid.  Uiii.  282.— J.  Sehiel,  .\m).  Ch.  Pharm,  Ix.  74 ;  Debus,  »ftf<#. 
Ixvi.  361 ;  IxjuLvi.  117-— Wolff  and  Strecker,  ibid,  Ixiv.  1. — Rocblcder,  ihid. 
Ixxx.  321 ;  Ixixii,  206.— St  en  ho  uie,  Proc.  Roy.  Soc.  xii.  633;  xiii.  145.— Sehut- 
letiberger  and  Schiffert,  Bull.  Soc.  fnduatr.  de  MuUiouso,  1864,  p.  70,  Jahr««b. 
1864,  p.  542.— Scbiitsenbergar,  BuU.  Soc.  Chim.  1866,  ii.  12.)--A  red  colouring 
matter  extracted  from  madder  by  the  same  proceasea  aa  alifluin  (i.  113;  iil.  742),  nud 
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separated  therefrom  by  its  greater  solabilit^  in  alum-Hquor.  Debus  prepares  it  by 
adding  dilute  sulphuric  acid  to  the  alum-soIutionB  from  which  the  alisarin  has  sepa- 
rated by  cooling,  and  boils  the  precipitate  which  forms  after  12  or  14  hours,  with 
dilute  hydrochloric  acid,  to  free  it  from  alumina.  If.  is  then  washed  with  water  and 
recrystallised  from  alcohoL    For  other  processes,  see  GfndhCs  Handbook  (xiii.  326). 

£.  Kopp  extracts  purpurin  from  nuidder  by  macerating  the  ground  root  in  dUnte 
ivqueous  sulphurous  acia,  mixing  the  filtrate  with  sulphuric  acid,  and  heating  the 
liquid  to  30^  or  40^  (iii.  749).  But  according  to  Schiitzenbeiger  and  Schiffert,  the  red 
or  orange-coloured  flakes  thus  precipitated  are  not  a  definite  compound,  but  may  be 
separated,  by  the  successive  use  of  alcohol  and  benzene,  into  purpurin  or  oxyaliearin, 
C*H'K)',  pseudopurpurin  or  trioxyalizarin,  C"H'*0*,  an  orange-red  colouring  matter, 
consisting  of  hydrate  of  purpurin,  C^H'*0*,  and  a  yellow  colouring  matter,  G'^H'K)*, 
isomeric  or  polymeric  with  alizarin  (p.  761). 

Stenhouse's  method  of  extracting  purpurin  from  East  Indian  madder,  or  munjeet,  is 
described  under  Munjistin  (iii.  1061). 

i:*urpurin  exhibits  some  diversity  of  physical  properties  according  to  the  circum- 
stances of  its  preparation.  From  strong  alcohol  it  crystallises  in  r^  needles ;  frx>m 
weak  alcohol  tn  soft  slender  orange-coloured  needles  containing  4*8  per  cent  water, 
(C»HH)«.JH«0),  which  they  give  off  at  100°,  assuming  a  red  colour  (Wolff  and 
Strecker).  According  to  Sohiitzenbeiger  and  Schiffert,  the  anhydrous  compound 
crystallises  from  hot  alcohol,  the  hydrate  from  cold  alcohol  (p.  751).  The  anhydrous 
compoimd  melts  when  heated,  and  sublimes  with  partial  decomposition,  leaving  a  car- 
bonaceous residue.  Respecting  the  optical  characters  of  its  solutions,  see  Light 
(iii.  638,  footnote). 

The  composition  of  anhydrous  purpurin  is  variously  stated  by  Debus  and  by  Stea- 
house  on  the  one  hand,  by  Schiltsenbeiger  and  Schiffert  on  the  other. 
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The  purpurin  analysed  by  Debus  was  obtained  from  ordinary  madder  by  the  process 
above  described ,-  that  of  Stenhouse  from  muigeet ;  that  of  Schutzenber^  and  Schiffert 
from  the  crude  purpurin  prepared  by  £.  Kopp's  process,  b^  extraction  with  hot  al- 
cohol. The  formula  they  assign  to  it  represents  it  as  oxyalizann,  alizarin  being  regarded 
asC^HW. 

Purpurin  is  more  soluble  in  water  than  alizarin,  and  forms  a  reddish  sohition.  It 
dissolves  also  in  alcohol  and  in  ether;  the  alcoholic  solution  is  redder  than  that  of 
alizarin.  It  is  easily  soluble  in  a  boiling  solution  of  alunit  forming  a  liquid  of  a  beauti- 
ful pink  colour  with  yellow  fluorescence,  and  remains  dissolved  after  cooling,  whereas 
alizarin  is  deposited  from  the  same  solution  on  cooling.  Oil  of  vitriol  and  fuming 
sulphuric  acid  also  dissolve  purpurin,  the  latter  decomposing  it  when  heated  to  20nO^. 
It  IS  less  easily  attacked  than  alizarin  by  nitric  acid;  on  boiling  the  liquid,  phthalie 
and  oxalic  acids  are  formed.  Purpurin  dissolves  in  caustic  alkalis,  and  at  the  boiling 
heat  in  todic  carbonate,  with  cheny-red  or  bright  red  colour,  whereas  alizarin  forms 
blue  solutions.  The  alkaline  solutions  of  purpurin  decompose  on  exposure  to  the  air, 
the  colour  of  the  liquid  changing  from  bright  red  to  reddish-yellow,  and  ultimately 
disappearing  almost  entirely,  after  which  purpurin  can  no  longer  be  detected  in  the 
liquid :  alizarin,  on  the  other  hand,  suffers  no  such  decomposition  (Schunck).  These 
characters,  together  with  the  peculiar  spectrum  formed  by  its  solutions,  sufficiently  dis- 
tinguish purpurin  from  alizann. 

Purpurin  dissolves  in  ammonia^  and  the  solution,  after  exposure  to  the  air,  or 
aft^r  being  heated  to  100^  in  a  ckwe  vessel,  deposit*  puzpniein,  on  addition  ofaeids 
(p.  749). 

An  alcoholic  solution  of  purpurin  forms  with  acetate  of  lead  a  purple  precipitate 
containing  46-6  per  cent,  lead-oxide,  agreeing  approximately  with  tbs  formula 
5C>«H"Pb"0«.Pb*0,  which  requires  46-7  per  cent.    (Wolff  and  Strecker.  Debna) 

Compounds  of  purpurin  with  potash  and  soda  are  obtained  as  nearly  blade  cfystal- 
line  precipitates,  on  mixing  the  alcoholic  solutions  of  purpurin  and  the  alkalis.  On 
heating  these  compounds  to  150^  with  ethylic  iodide  and  alcohol,  red  ciystalline  grains 
are  obtained,  slightly  soluble  in  alcohol  and  consistingof  ethyl  purpurin  CHK)'«> 
C»H"(C^^^O' (analysis  6682  per  cent.  C  and  4-51  H;  calc.  67*34  C  and  4*08  H). 
(Schiitzenberger  and  Schiffert.) 
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^OimpoutttiM  elUtimd  from  Emilr  Kopffs  "  mtrpurin  *'  bjf  iht  action  of  s^v^U 
Itfh  il t  xe n  be f ^«r  and  Be  b i  f f «rt).  This  erode  purpiuiii  is  {)aitui%  soluble  in  cold 
slcohot.  Tli«  inBoIuble  poAicm  eootatns :  a.  Purtiuriii  or  oxyalistiriti  C^H^'Q^p 
which  diotfotves  \n  boilitigidoohot ;  and  fi.  Psenaopurpiiriii  or  trioxyaiissriii 
C*H**CI^,  which  it  itimluble  in  boiling^  Alcohol,  biit  dkiiolres  in  hat  banssas  sod 
er^»t]illi»p0  therefrom  in  slender  brirk-pod  ne«iiM.  The  cgW  lUeoholio  eztriict  con- 
tains:  y.  An  orang^^rcd  colouring  mntler,  consisting  of  hydrate  of  pur^urin 
C*H'*Cf  •  C*H»*O^2H•0 ;  and  i.  A  jeUow  eoloupiag  matter,  isomeric  with  sVi»ihu 
C^^^O*.  The  Utter  ts  soluble  io  benseDs;  this  fbnnsr  m  iJMolttblein  that  liauid,  but 
diRSolTOS  Tcry  eastlj  in  sleobol,  snd  sspsimta*  thersfrom,  ■Qia«lii]ifli  tm  a  ctirdy  twnMitt 
■oOMtiioss  in  ormngi»>red  laminfe. 

The  cent«stmal  composition  of  the  three  latl^nieiitiOQed  prodnets*  t»  determiiied  by 
Ukaljets,  Es  ss  follows : 

Preud»fninmrin ,  Hydratg  ^f  Fmrpmrim. 

C«]c*  AMI.  Calc  Anal. 

C»         60-60  61-05  C»  60  69  93 
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0»          S6*87  S&'98  0»  3^  35-94 
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Fieudoporparui  and  hydrate  of  nurpurin  Are  oonyerted  into  purpuriu  by  sublima- 
tioa  (IsATiog  &  considerable  residue  of  chArcoal)  or  bj  heAttng  with  alcohol  to 
1$0°— 200®. 

The  yeUow  eoli/urim  matter  lublimos  almost  witliout  decomposition.  It  msy  be 
product  from  jmrpurin,  peeudoparpufin  or  hydrat^t  of  purpurin,  by  h eating  to  IHO^ 
with  water  and  iodide  of  pnoephoms,  or  more  easily  by  die  action  of  statmous  chloridt^ 
on  a  boiling  allukliiie  solutioa. 

Furpuriu,  peeudopnrpnrin,  and  hydrate  of  purpnnn  impart  to  mordants  coloilf* 
leserabliiig  those  of  alizarin ;  the  tint  communicated  by  them  to  alumiiia'mordaBta 
is  more  roddish,  and  without  blue  rt'flex.  Tho  colourh  produced  on  tiwues  by  pur- 
pttrin  and  its  hydrate  resist  the  tictton  of  boiling  soAp-W(vt«r  tolembly  well^  wberesA 
those  formed  by  pseiidopurpurin  are  completely  destroyed  thereby.  The  nrisistance  ii 
thtrefore  nearly  iQ  ioTetse  proportion  totlie  amount  of  oxygen  in  the  eolourini^  matter. 
Tlie  yellow  ooloartng  tnatter  pruduees  with  alumina-mordant  a  rather  dnll  yetlow^ 
which  is  destroy*^  by  soaping  and  by  immorsiuQ  in  a  bath  of  staQuic  cblorido. 
(SeUiit«<*iibergor.) 

Syn.  with  Pottponuro  (p.  691  )t 

A  p^ellow  colouring  matter  imported  into  Europe  from  India  and  China 
ill  roun4  lumps  weighing  three  op  four  ounees,  brown  on  the  oufsidet  of  n.  deep  onuige- 
yellow  colour  within,  and  ejthibiting,  according  to  Erdmnnn,  a  crystalUnpi  structun*, 
HeMpectiag  ita  origin,  varioui*  and  contradictory  statement*  have  been  mnde.  Accord- 
ing to  moRt  authorities  it  is  of  uniroal  origin,  and  is  deposited  from  the  urine  of  nim*»l9. 
F'lfphantii,  and  buffaloe*  especially  after  the  animals  hsTS  eaten  certain  plants  (the 
fruit  of  Mangosiana  mangijer  for  example) ;  according  to  others,  it  is  an  intestinal  op 
bilinry  concretion  of  the  same  animals:  Stenhoaiey  on  the  oth<>r  hand, supposes  it  to  b«* 
a  regetable  lubsrauce  prepared  by  eyaponitiDg  down  a  vegetable  juice  mlxiHl  with 
magnesia.  Its  peculiar  odour  resembling  that  of  castoreum  is,  howerer,  in  favour  of 
the  former  supposition. 

Purree  serves  for  the  preparation  of  Indian  yellow*  a  fine  nch  durable  yrllow 
colour  much  used  both  ia  mi  and  water-colour  painting,  and  consisting  mainly  of 
eusanthate  of  magneeium  (see  BtncAHnno  Acn>,  ii.  609) ;  aci^Drding  to  Wsgner,  it  also 
contains  alumina.  Indian-yellow  being  somewhat  costly  is  often  adulterated  with 
cheaper  yellow  pigments,  chrome-yeUow  for  example.  According  to  M.  Haro,  juu.,  a 
colour  maker  in  Paris,  pure  Indian  yellow  hums  like  amadou,  leaviDe  a  eompararively 
smalt  raddne,  whereas  the  ndulteruted  article  burnt^  more  slowly^  and  leares  a  larger 
residue.    {Chimie  dn  Cmihurs,  pir  J.  Lefort,  Paris,  185(^.)  r 

yif^lKfC  ACZB.    Syn.  with  EuxsjtTiiic  Aon. 

FinuUiirOWlL     Byn.  with  ErxANTHONic. 

jpirs.     A  pnthfdogical  product,  the  result  of  cm^ain  diseased  octioxw  of  the  snimal 
body.     Ty|)ieal  piu^,  "  Isiudable**  pus,  i»  »  thick  ypHuwish  liquid  of  the  con  '  '   -    -     nd 
appeartince  of  cream,  but  it*  physic^il  and  chimical  chsracters  vary  *•> 
cording  to  the  kind  of  tijisut*  from  which  it  cnmcB  and  the  nature  of  the  d:  ^    m*^ 

rifw*  to  it.  Itfl  rwiction  is  generally  alkaline,  but  M>metimes  neutral  or  a4.Md.  it  con- 
Hi  nti^  of  pus-corpuscles  floating  in  a  pus>sorum  i  the  separation  of  the  two  by  filtratiou, 
though  tedious,  is  prscticable. 
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The  prutein-constitiients  of  pus  haTe  been  as  yet  butimperfectly  itadied.  The  ternm 
contains  an  albumin  apparently  identical  with  that  of  blood-serum,  toother  witk 
globulin  or  myosin.  From  the  corpuscles  also  may  be  obtained  a  substance  possessing 
some  but  not  all  of  the  reactions  of  myosin  (Hoppe-Seyler,  Phys.  Chem.  Analyse, 

L363).  In  many  but  not  all  specimens  of  pus  may  be  found  the  so-callfd  pyi  n,  which 
i  the  following  reactions.  It  is  precipitated  from  its  solutions  by  acetic  acid,  the 
precipitate  beins  insoluble  in  excess  of  the  reagent.  Nitric  and  hydrochloric  acids  give 
precipitates  readily  soluble  in  excess.  Ferroqyanide  of  potassium  produces  no  precipitate 
in  the  hydrochloric  acid  solution.  A  solution  of  pyin  is  unaltered  by  boibng.  Pyin 
closely  resembles  mucin  (said  to  be  found  in  pus  from  mucous  membranes),  differing 
firom  it,  however,  in  being  precipitated  by  mercuric  chloride  and  neutr&i  acetate  of 
lead.     Gelatin  and  chondrin  have  been  found  at  times  in  pus. 

Among  the  fatty  bodies  always  present  in  pus  may  be  mentioned  cholesterin,  oleiii, 
palmitin  (the  lost  two  also  in  combination  with  alkalis),  cerebric  and  ^lycero-phos- 
phoric  acid.  According  to  Fischer  (Med.  Cblt.  1866,  p.  226),  the  only  fatty  body 
besides  cholesterin  in  good  fresh  pus  is  pro  tag  on,  whose  speedv  decomposition  gives 
rise  to  the  rest.  The  same  observer  also  states  that  butyric,  formic  and  valerianic 
acids  when  present  are  putrefactive  products.  B  o  d  e  k  e  r  found  in  specimens  of  pus,  a 
sub.Htance  called  by  him  chlorrodintc  acid. 

Sugar  and  urea  have  occasionally  been  found ;  and  leucine  may  be  regarded  as  a 
constant  constituent  unless  it  be  a  product  of  putrefaction  (Fischer).  Pus  fit>m 
wounds  often  has  a  blue  colour,  very  distinctly  seen  when  dried  on  bandages,  &c. ;  this 
arises  from  the  presence  of  Pyocyanin,  which  may  be  isolated  in  the  fc^owing  way. 
The  bandages,  &o.  are  stcep^  in  water  containing  a  few  drops  of  ammonia,  and  the 
resulting  green  liquid  is  filtered,  partially  evaporated,  and  again  filtered.  The  filtrate 
is  shaken  with  chloroform,  which  takes  up  the  colouring  matter;  and  the  chloroform 
solution  is  treated  with  very  dilute  sulphuric  acid  until  it  turns  quite  red.  On  stand- 
ing a  red  aqueous  laver  separates  which  is  removed,  treated  with  caustic  baryta  until 
it  changes  to  blue,  filtered,  and  the  filtrate  again  shaken  with  chloroform.  The  blue 
chloroform  solution  is  allowed  to  evaporate  in  the  air.  Pyocyanin  crvstalliscs  in 
needles  or  in  rectangular  flakes.  It  is  soluble  in  chloroform,  alcohol,  and  water,  with 
difiiculty  in  ether.  Acids  turn  it  red ;  alkalis  restore  the  blue  colour.  Chlorine 
destroys  it  After  the  separation  of  the  pyocyanin,  the  chloroform  retains  in  solution  a 
yellow  substance  called  pyoxanthose,  which  remains  on  leaving  the  solution,  pre- 
viously  freed  from  fat,  to  evaporate  spontaneously.  It  is  sometimes,  though  rarely, 
obtained  in  groups  of  microscopic  neeoles.  It  is  very  slightly  soluble  in  water,  more 
soluble  in  alcohol,  ether,  chloroform,  and  benzene.  Acids  turn  it  red,  alkalis  violet 
(Fordos,  Compt.  rend.  Ivi.  1128;  Jahresb.  1863,  p.  667).  W.  B.  Herapalh  finds 
o-blue  in  blue  pus  (Brit  Assoc  Trans.  1864,  p.  124). 

of  I    " 


The  ashes  of  pns  consist  mainly  of  chloride  of  sodium,  with  alkaline  and  earthy 
phosphates,  alkaline  carbonates,  sulphate  of  calcium,  and  oxide  of  iron. 

The  quantitative  analyses  of  pus,  as  miffht  be  e:q>ected,  differ  widely.  The  following 
(Bibra)  may  be  taken  as  an  average.  In  1,000  parts:  water  862,  solids  138,  wbeiv- 
of  albumin  91,  fots  and  cholesterin  12,  extractives  29,  salts  9.  « 

Masse  (Simon's  Chem.  Syd.  Soc.  trans,  ii.  692)  thus  compares  1,000  parts 


Water . 
Solid  residue 
Organic  constituents 
Chloride  of  sodium 
Carbonate  at  sodium 
Phosphate  of  sodium 
Sulphate  of  sodium 
Phosphate  of  calcium 
Carbonate  of  calcium 


Put-tenrai. 

Blood-Mram. 
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1-20 
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north  of  Katherinenburg.     (See  Epidotb,  iL  490.) 


A  variety  of  lime  and  iron  epidote  from  the  Western  Ural, 
'     Epi  " 


Putrapgira   Roximrakii,  an  East  Indian  plant,  yields  a  fnt 
oil  melting  at  -i^  31^.     (Lepine,  J.  Pharm.  [3]  xL  16.) 

VimuorAOTZOW.    See  Fkbmsntation  (ii.  623);  also  Ur^s  Dictionary  of  Artt, 
#9.  (iii.  648). 

VTCVZTB.    A  massive  subcolomnar  variety  of  topai  (q,  v.) 
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rTOVOBtSTSB.  Ad  initram«ot  for  detAmiiDtlig  Um  tMcifle  gfftTitieg  of 
Mimed  mme^mi  wnterv.     (Freseoius,  Zetlsdir.  AnaL  Ch9aL  i  ltd.) 

FTXW.     S.?©  Pes. 

WTMM.COWtTSC   A02]».     Sjn.  with  Itxcojcic  JLcm. 

I^YlUlX»XiOX»XTB»  Th^  name  of  A  serirs  of  decompcMitton-prodtictii  nf  migita  And 
occ»*ioo«lly  of  hornblende,  coneitfing  in:imly  of  ma^neftian  DjdroiilicatM.  Th^j 
bUck^n  when  heated.  th<'n  hnm  while  if  in  co&ttt<!t  with  the  air,  and  giTe  off  wnttf 
baTJDff  ao  cmpjrenmatic  cxiour,  due  to  the  presence  of  or^nnic  mAtfer.  When  r^ry 
•trofiffiv  heatoci  brforp  the  blowpip**.  th*y  b€M.*oiiie  rounded  on  the  edges  only.  1  ht 
{>JTauo]tt«  of  8tOfg^Lrd  i*  conrt^rtM  hy  strong  nulphunc  arid,  with  inctpicnt  tuniHfJti* 
tion  Mid  deeoinpoaitioD  of  the  organic  matti*>r,  first  into  a  reddish,  then  into  a  bla^k 
powder.  Thv  aaine  decom position  app^Ant  to  tie  produci^d  aliso  by  dilute  sulphutic  acid* 
wr  the  mineinl  afk*r  being  treated  with  it,  in  no  longer  blackened  by  the  atrong  acid, 

Pyndlolitea  have  been  analysed  by  No  rd  en  ski  old  (Sohw.  J,  xxxi,  386),  Arppe, 
Furnbjelm,  Runeberg  and  Selin  (Anal  af  Finak.  Mia.  p,  35X  and  Biaehof 
iUkrhuck  d.CKrm.  Geolr^.,  i.  616). 

a.  From  K  ulkkalkbruch :  Kinjite,  Green  or  blue-green;  partly  still  exhibiting 
distinct  aumte  structure.  Specific  gravity  -  2  7,  Hardness  «  3 — 4  (Ruoeberg),— 
b.  Takvedanolm,  in  calcapar.  Ort^n  ;  fit*ruu»i.  Specific  gravity  «  2-70,  HHrdnnia 
■•  3—4  (Arppe), — c.  Sktabbole,  in  quart/,  (rreen,  fibrous  or  grandar.  Sp*^fic 
gravity  —  273.  HardnecK  »  2— 5  (Arppe^— </.  HsApakyla:  greeni^ih,  loosely  grfto* 
ular  aggregate  in  caloq>ar.  Spe^fic  gmvity  «  2  61  (Arppe), — e.  Kullakalkbruch; 
white,  with  augitic  etructtii^  Hardness  ^^  3— 4  (Arppe).—/.  Storglrd,  Fargaa(Nor* 
dtnakiold.--^.  Fmgird;  light-brown  or  yeUow-grey  columnar  masses  cleavable  in 
one  direction.  Specific  gravity  =  266.  H&rdneea  ■- 3 (Arppe).-— A.  KuUakaikbruch; 
white,  earthy  (Selin),'^.  Fram  the  Bvna ;  greenish- while,  earthy  (Furuhjelm). 
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Theee  analysea  appear  to  indicate  a  gradual  transition  from  the  composition 
M*0,SiO»JJ»0  to  M»0,4SiO*.H*0.  the  Blicn  being  partially  also  replaced  by  alnmina. 

FTHAVniCOVZXa*    8yn.  with  Kennesite  or  Bed  Antimony  (ili.  446). 

FntAJiOZX&rrB.  A  sUicate  occurring  in  the  granite  of  Helsin^ors,  Finland, 
in  pnematic  forms  with  indistinct  deavtigf .  Hardness  es  3  5.  Specific  gravity  » 
2*6.  It  is  partly  black  or  bluish,  liver^brown  or  dull  red,  with  %  dnll  resinons  Instre  ; 
baa  an  ai^gillaceous  odour.  Infusible  before  the  blo^rpij^e,  but  becomes  slightly  clazed 
In  a  strong  heat.  Soluble  in  hydrochloric  ncid.  Contains,  according  to  Nordana • 
kiold's  analysis  (Ben.  Jahresb,  1833,  p,  174) : 

BIOS.  Al«0'-       re»0>.        MpO.         K»0.         K.»0.  H»0. 

43-93         2893         630         2  90         106         185         15*47      ^     9943 
The  mineral  may  be  regarded  as  an  altered  dichPoSle  (ii.  320),  containing  {  dl  the 
strong  bases  of  that  mineral.     (Bischof.) 

FITRA&OTKITS,  Darl-red  Milv^r  ore.  Rnhif  tilver.  Black  sUtkr,  Aerotiie. 
A^'^ffyrylhrme.  Dunkleg  BothguitiOfTt,  Antirmmsilhtrhlendif.  Ardent  antimonii  tttlfuri, 
Ar^ffrUttm  n»*n*in, —Native  sulphantimonite  of  silver,  occnrring  in  rhombohedral  crya* 
tals,  in  which,  for  the  rhombohedron  il,  the  principal  axis  —  0  79^5,  Hnd  the  angla 
R  :  R  in  the  terminal  edpes  «  108^  20',  The  crystals  are  chiefly  prismatic,  formed 
by  the  combination  of  o&Pl  with  R  and  other  rhombohedroos  ana  sealenohedrons* 
(For  figures,  seeDana^  ii,  77,  78,)  Oeavage  mther  imperfect  pamliel  to  R.  Twins 
are  of  frequent  occurrenoe.  Th^  mmentl  is  hIso  found  maseive,  with  granular  strw!* 
tnre,  sometimes  impalpable.  Hardn^-^  ^  2 — 2  5.  Specific  gravitv  »  67-*4  0. 
Translucent  to  opaaue,  with  metallic  adamantine  lustre  and  black  colour,  sometimet 
approaching  to  codiineal-red,  Streak,  cochineal-red.  Fracture,  oonchoidal.  Sectilsv 
jfidding  reiKlily  to  the  knife.  Before  the  blowpipe  it  melts  and  givea  out  fnmaa  of 
•ntimoBT,  and  on  charcoal  uUimately  leaves  a  globuls  of  silver.  Dissolves  in  hot 
nitric  acid,  leaving  sulphur  and  nntiroonious  oiide, 

Vot.  IT.  3  C 
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JmiX^m  i-^f  VfQ^  JM^dffMbeig  in  the  Harto  (3oQ«dorf,  Sohw.  J.  :iz^v«  23^).— 
b.  Yvm  HezioQ  (WohUr,  Ann.  Ch.  Pburm.  xrm,  i^J).-^.  From  tbi)  Xnluociie 
mine  near  Zacateos  in  Mexico.    (Bottger,  Bamm,  Miniralch,  p.  83.) 

Caimlaiiom,  Ama^tea, 

8«  96  1777 

Sb         120  22*28 

Ag*        824  60-96 
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Ag^bS'     640  10000  100-00  10000  9980 

Tke  feimnU  may  elao  be  written  3Ag*SbSb*S*. 

Ppugyrite  oooun  also  in  Saxony,  Norway,  Hnngaty,  at  Onadaloapal  in  SfMun,  and 
in  ComwaU.  In  Mexieo  it  is  worl^d  extenaively  as  an  ore  of  eilver.  A  ligH^nd 
jtfiMr0r«from  Andreaabergwatft>andbyZinckentobefireefrom  aiMnifi.  AgrqrovB 
ftom  the  aame  locality  contains  both  arsenic  apd  antimony,  and  may  be  mimgyrite 
()ii.  1010). 

Fyrargyrite  occnn  like  pronstite  (p.  739),  changed  to  silver^lance,  Ag^,  alao  to 
pyrites.    (Dana.) 

WTWIMMUkXMm  A  name  applied  by  BArzelius  to  the  mobile  oil  obtained  br  die- 
tilling  with  water  several  of  the  empyrvumatic  oils  resulting  from  the  diy  distjllatinn 
of  oi^ganic  bodies,  such  as  oil  of  wax,  amber,  bones,  &c. 

WTMMKmSxM^  a  Tariety  of  iron-lime-gamet  (ii.  772),  black  or  greyish-blade, 
often  with  semi-metallic  lustre. 


C»»H"?     (Laurent.  Ann.  Ch.  Phys.  r9]  Ixri.  186.)— A  cryataUine 

hydiooarbon,  obtained,  together  with  chrysene,  by  the  diy  distillation  of  fiits»  reaina, 
and  ooal.  To  prepare  it,  the  ethereal  liquid  which  has  served  for  the  extraction  of 
<Airysene  (L  968),  is  exposed  to  the  temperature  of  a  freezing  mixture ;  the  pyrene  is 
Ihen  depoisited  in  the  oystalline  state. 

Fyrene  crystallises  from  alcohol  in  microscopic  rhomboidal  Iaminfl%  veiy  much  like 
anthracene.  It  la  tasteless,  inodorous,  insoluble  in  water,  slightly  aoluble  in  alcohol 
$nd  in  ether;  melts  between  170^  and  180^,  and  solidifies  in  a  crystalline  ibliated 
maas.  At  a  higher  temperature  it  Tolatilises  without  decompoeition.  It  is  carbonised 
by  sulphuric  acid.  It  gave  by  analysis  93-18  per  cent  canwn  and  6-11  hydrogen; 
the  formula  C'»H"  requires  93-7  carbon  and  6-3  nydrogen. 

JMnitrojfyretUf  C'*H'*(NO')*,  is  formed  by  the  action  of  warm  nitric  acid  on  pyrene^ 
aa  a  thick  brown  oil,  which,  ^er  washing  with  water,  dries  up  to  a  yery  brittle  reain 
hafing  the  colour  of  gamboge  but  redder ;  it  melts  in  boiling  atcohol. 

WMmUV*  This  name  was  given  by  Parisel  to  a  soft  resin  extractad  by 
alooliol  and  ether  firom  Radix  ^^kr%  which  however,  according  to  Keeoe,  ia  sot  a 
definite  substance.  The  latter  found  in  the  root  0-25  per  cent,  of  %  rtaia  iaiokiblt  in 
potash,  1*60  of  a  brown  acrid  oil  soluble  in  potash,  0*35  of  a  yellow  oil  aolnbla  in  poUah, 
9-40  gam,  57*70  inulin,  7*60  salu,  19-80  vegetable  fibre,  and  tracM  of  tannitadd. 
The  two  oils  and  the  resin  together  eonstitnte  Pariaers  pyrethria. 

The  flower-heada  of  Pjfrethrum  canmm  which,  when  palveriae4»  tea  the  "  Pierauui 
inseet-powder"  contain,  according  to  J.  Hanamann  (ViertaQahra,  pr.  Pbanp.  vL 
622),  neither  a  narcotic  base  nor  santonin.  The  aotion  of  the  powder  ia  jdobMj  due 
to  a  pale  yellow  eaaeotial  oU,  which  has  a  pungent  odour,  produces  headache^  and  kiDa 
or  stupefies  small  iaaeete. 

A  dingy  variety  of  Sahlite.    (See  Auom,  i.  474.) 

C*H*N.  (Anderson.  Ed.  Phil.  Trans,  xvt  4 ;  alM>  zz.  [S]  i47 ; 
PhiL  Mag.  J.  (4]  ii.  257;  Ann.  Ch.  Phann.  Ixxx.  65;  Jahiesb.  1861.  p.  478.— 
C.  Orev.  Williams,  Phil.  Hag.  J.  [4]  viii.  24  ;  also  Ed.  PhU.  Trans.  xzL  [2]  816; 
Chem.  Oas.  Nov.  1,  1865.~Church  and  Owen,  Chem.  News,  ii.  146;  PhiL  Mml  r4l 
EX.110.)  --^-i-J 

Abase  discovered  by  Anderson  in  his  investigation  of  bone-oil.  Subsequently  found 
by  C. O.Williams  among  the  bases  in  the  tar  obtained  by  distillation  of  the  bitonuaoos 
shale  of  Dorsetshire.  Traces  of  a  base  having  the  same  composition  were  obsarred  by 
C.  O.  Williams  among  the  alkaloids  produced  bv  deetructive  distillation  of  cineboninsL 
Found  by  C.  O.  Williams  in  coal  naphtha,  also  by  Church  and  Chren  in  the  tar  of  peat 
It  is  produced  artificially  bv  the  action  of  nascent  hydrogen  on  aaodinaphthyldiaauae. 
(Parkin,  Chan,  Soc  J.  xviiL  9.) 

IVmoni^tcm.— Precisely  the  same  operations  are  necessary  aa  in  the  eaaa  of  piooCpp 
(p.  687  X  except  that  in  the  fractional  distillation  the  portion  dittiUing  at  lir'  ia  to 
be  collected  imitead  of  that  which  boils  at  140^. 
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l^jSfffMf.— PjridiiM  11  ft  colouriess  mobile  liquid,  bftfiiig  t  tticMit  pcwerlxii  and 
pecaliar  odour  dxmAj  ratambling  th^t  of  t>icoliti«,  ftod,  lika  tJiat  ftUuilo'id,  rmatisag  a 
bitter  tAst^  in  the  montli  and  hmek  of  the  taroAt.  It  fame*  ob  the  ftpproftch  of  t  rikd 
dipped  in  h^droclilonc  add,  eren  more  etrongly  thftn  pteoEae.  lu  eolutioo  m  water 
b«liATM  with  blM&chmg  powder  like  pieoUoe.  Its  apectfic  ^Tity  «l  0**  i«  0*9Sd6.  It 
pr«eipitalea  the  aalta  of  zinc,  iioo^  maoganeae^  a&d  altmunitrai  in  the  cold»  oiekel-aalta 
0&I7  on  tha  ^pplkatUMi  of  beat,  and  the  precipitate  diseolTea  io  exeeaa.  In  lolutloiia 
of  eoipper  it  gtvea  a  pale  blue  precipitate,  aolublf  in  exjn*aa  of  baae  with  a  deap  Mua 
colour,  not  diBtingmahable  from  thAt  produced  by  aminonift.  It  hai  a  strong  tendency 
to  form  crjat&lliaable  doable  saltfi.  It  boiU  #»eadily  at  about  117^  The  den§ity  of 
tt«  vapour  was  found  to  be  2-91 ;  theory  requirea  2734.  Th«  eseeea  of  the  exoari' 
mental  orer  the  thooretiesi  Damb<*r9  arose  from  the  preaeaoe  of  tracaa  of  piooiiiie. 
(Anderion.)  The  refractiTV  indicM  of  a  ^rpmrnen  of  pyridine  f^rom  Dr.  Hofooanft'e 
UbontoiT  were  found  by  GUditoiie  and  IMIp  to  be  :— for  A,  1*-l»40 ;  D,  1  5030;  H» 
1  &S87,  the  t«rop«Tmttire  at  tha  tioM  <if  the  experiment  being  21*6^. 

Pyridjoa  ia  aoluble  in  water  10  all  proportions,  and  is  dilRcult  to  obtain  abadutely  dry. 
(Anderaon,) 

Dteomptmtimif, — Pyridine^  like  iCa  bomolo^ea^  ia  exceedingly  atable  and  resists  the 
aetiofi  of  osddmtig  agents.  It  may  be  boiled  with  inonohydmted  nitHe  acid,  or  with 
ekromie  aeid  withooi  deoompocttion,  and  treatment  with  nitric  acid  is  to  be  resorted  to 
as  a  tBftana  of  pnrificatioii  wlian  tha  base  is  cnntnmitinted  with  ^mpyreumstie  matters 
(Anderson), — I.  Chi^nt  acts  00  pyridine  in  the  fsame  mannflr  as  on  picoline  (An- 
derson), — 2,  When  hromine-water  is  gradually  added  to  a  aolntion  of  pyridine,  the 
liquid  beoomcfi  muddy,  and,  as  the  quantity  of  bromine  increases,  an  abundant  preci- 
pitate appeara,  and  colle^ls  at  th*^  bottom  of  the  vessel  in  the  fbrm  of  a  reddish  maaa 
of  a  more  or  le^s  resinous  appearance.  This  fubstanca  is  insoluble  in  water,  but 
aoluble  in  alcohol  und  ether.  Wlien  boiled  with  water,  it  melts  and  emits  an  odour 
resembling  that  of  bromine.  Hydrochloric  ncid  decomposes  it,  liberating  bromine. 
Potash  decompoeea  it  also,  liberating  the  base.  From  these  reactions,  Anderson  con- 
dudes  that  thB  substance  is  a  direct  compound  of  pyridine  with  several  atoms  of  bnMniii#. 
Dry  pyridine  thrown  into  dry  bromtne-rapoiir  aoUdifiet  to  a  crystalline  mass  which 
dinoiTea  in  watar,  leaving  an  insoluble  mat  tar  probably  analogona  to  the  oomnound 
ffodnoed  in  the  aame  manner  by  acting  on  pyridine  or  picoline  with  dry  chlorine 
(AndersonX— 3.  When  pyridine  and  tincture  of  fcdm§  tat  mixed  and  evaporAted  to 
dryness  on  the  water^bath,  a  dark  brown  mum  11  left^  partially  soluble  in  wat**r,  IcAving 
some  brown  crystals ;  they  are  eaaily  deiximpo«ed,  ana  appear  to  be  ainul&i  in  charac* 
ter  to  the  iodine- com pounda  of  the  nxed  baai^.  The  wataiy  aolntion  containa  hydrio- 
date  of  pyridine  contaminated  with  a  basic  imparity  which  may  be  lamo^ed  by  animal 
charcoat    (Anderson.) 

PmniXB  sALTa.  Bydrockl^ttttte  of  pyridine,  C»H*N.HC1 — ^When  hydrochloric  add 
saturated  with  pyridine  is  evaporated  on  the  water>bath,  the  syrupy  fluid  on  cooling 
giadnallT  becomes  couTartad  into  a  hard  radiat«d  mass  of  cTystaU.  The  salt  deli- 
quM««a  m  moist  air.  It  sublimes  unehaDged  at  a  high  t«mp«rature.  It  is  soluble  in 
alcohol,  but  leaa  ao  than  in  water  \  insolal»a  in  atber.    (Anderson.) 

Acid  sutphatt  o/pywidm*,  0*H*H^^SO*.— When  sulphuric  add  ia  mixed  wiih  excess 
of  ppidine  and  crrapoiatad  orer  the  wat«r-bAth,  a  dc^liqurnoent  cryataUine  mass  is  left, 
aotuble  in  all  ptDportiona  in  wat^r  and  Alcohol,  but  inar^luble  ia  edier.     (AndersonO 

Bgdriodat9  qfpvridim,  Oli^N.HL-  Tabular  crystAls,  readily  soluble  in  alcohol  and 
in  water,  but  not  daliqnaaeent,     (Anderson.) 

Hydrohromait  ^f  ffrUtmt,  (r*H*N.HBf.— A  deliqucacent  salt  obtained  in  adcular 
CTyntale  on  oTaporating  its  solution.     (Anderson.) 

Nitrate  of  pyridin*^  C*H*N.HNO*. — Baaily  obtainad  by  mixing  nitric  acid  and  py- 
ridine. If  the  acid  be  concenb^tf-d,  and  the  baae  dry,  or  nearly  ao,  mnoh  heat  is 
evolved,  and  the  mixture  solidifies  into  a  ma^s  of  short  needles,  which  after  prasanra 
between  fold*  of  filtering  paper,  rosambles  loaf-sugar.  The  salt  may  be  punfied  by 
ri'cr^'stAllisaTion  from  water  or  boiling  spirit;  the  latter  is  to  ba  preferred.  On 
cooling  it  is  depoattbd  from  an  alcoholic  solution  in  fine  needles  an  inch  long.  e%'en  when 
oppiAling  on  a  very  small  scale.  Sometimee  it  is  obtained  in  short  thick  prisms.  It 
is  not  deliquescent,  but  extremr^ly  soluble  in  water,  Ic^s  so  in  alcohol,  insoluble  in  ether. 
Heated  in  a  retort  it  melts,  and«  if  the  temperature  be  raided  gradually,  sublimes  in 
A  wbiK  woolly  mass ;  but,  if  briskly  heated,  it  distils  in  the  form  of  a  thick  oily  liiiuid, 
which  solidi&es  to  a  mass  of  acicuiar  cryttals.  Heated  on  a  platinum  knife,  "it  tnkes 
fin«,  and  bums  with  great  brilliancy  and  a  lapidily  almost  amounting  to  deflagruiton. 
(Anderson.) 

CUoraumte  ofpi/ridinf,  C*H'N.HCl.AuCl*.— A  fine  lemon-yellow  crystalline  powder, 
immediately  deposited  on  adding  solution  of  chloride  of  gold  to  a  solution  of  hydro* 
chlorate  of  pyridine,     li  diBsolyes  rpadily  in  hot  wnter,  and  is  depOAited  on  cooling 
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in  find  yellow  needles,  little  soluble  in  cold  water,  and  insoluble  in  alcohol.  (An- 
derson.) 

Ch'oroplaiinate  of  pyridine,  2(C»H»N.Ha).Pt«'Cl*.— A  solution  of  the  hydrochloratrt 
of  pyridine  mixed  with  solution  of  tetrachloride  of  platinum,  deposits  flattened  prisms 
easily  solultle  in  boiling  water,  less  soluble  in  alcohol,  insoluble  in  ether. 

Prtiducts  of  decomposition  of  Chloroplatinate  of  Pyridine. — When  chloroplatinat« 
of  pyridine,  free  from  excess  of  platinic  chloride,  is  dissolved  in  hot  water,  and 
the  solution  kept  boiling  for  fire  or  six  days,  it  is  entirely  converted  into  a  sub- 
stance resembling  sublimed  sulphur  in  appearance.  It  is  insoluble  in  water  and 
a^^ids,  but  is  decomposed  on  boiling  with  solution  of  hydrate  of  potassium,  pyridine 
bein^  eTulved.  The  8ulphur-like  body  is  the  hydrochlorate  of  a  platinum-base  analo- 
gous to  platinamine ;  it  nas  therefore  receiyed  the  name  of  platino-pyridine.  Its  for- 
mation consists  simply  in  the  expulsion  of  one  atom  of  hydrochloric  add  from  one  atom 
of  the  chloroplatinate,  thus : — 

2(C*H*N.HCl)Pt'-Cl*     -     C»«H«PtN«.4Ha  +   2HC1. 

If  the  boiling  be  arrested  before  the  entire  conversion  of  the  chloroplatinate  into  the 
alt  just  described,  beautiful  ehining  plates  are  deposited.     They  consist  of  a  doable 
salt  formtKi  by  the  union  of  one  atom  of  the  dihydrochlorate  of  platino-pyridine 
with  one  atom  of  the  original  platinum-salt.     (Anderson.) 

When  chloroplatinate  of  pyridine  is  boiled  with  excess  of  pyridine,  the  liquid 
becomes  dark  coloured,  and  on  evaporation  to  dryness  in  the  water-bath,  and  addition 
of  water,  a  dark  solution  is  obtained,  and  a  cr}-stallino  residue  left.  This  substance 
is  the  hydrochlorate  of  another  platinum-ba«:e,  platosopyrid'me,  analogous  to  platoe- 
amine.    The  salt  has  the  formula  (C*H*N)«.Pt"CI«  or  C'»H»PtN«.2HCl. 

Suhstitution-denvatives  (f  Pyridine. 

Mbthtl-pybidinb. — ^This  compound  has  not  yet  been  examined. 

ETHTL-FYBinurB. — The  free  bases  of  this  class  undergo  decomposition  when  warmed. 
(See  Ethyl- pxcoLiNB,  p.  639.) 

Hydriod'OU  of  Ethyl-pyridine,  C^H'N.HI.— Obtained  in  the  same  manner  as  the 
corresponding  picoline  base,  and  of  similar  properties. 

ChloropfatinaU  of  Ethyl  pyridine,  2(C'H»N.lICl)Pt»'Cl*.— Beautiful  garnet-coloured 
rhomboidal  plates  with  bevelled  edges, easily  obtained  aquarter  of  an  inch  in  dismMor. 
even  when  operating  on  very  small  quantities.     (Anderson.)  C.  G.  W. 

VTSXTB8.  A  mineralogical  name  including  various  metallic  sulphides,  chiefly 
those  of  copper  and  iron. 

Arsenical  pyrites  includes  the  two  species,  leucopy rite,  FeAs*,  and  miflpickrl, 
FeAs».  FeS«  (iii.  368). 

Copper  pyrites  is  Cu«S.Fe«S>  (ii.  77). 

Iron  pyrites,  FeS*,  includes  the  yellow  or  cubic  specie«»,  and  white  iron  pyrites  or 
marea^ite,  which  crystallises  in  trimetric  forms  (iii.  402).  Varieties  of  the  latter  are : 
Radiat  d  pyrites,  including  the  radiated  masses  and  more  simple  crystals ;  spar  pyrites^ 
the  macled  crystals;  hpatic  pyrites,  the  decomposed  liver-brown  monometric  cryt-tals 
originally  consisting  of  yMlow  iron  pyrites,  also  certain  hexagomU  pseudomorphs ;  cociv* 
comb  pyrites,  the  crest-like  aggregations  of  marcasite;  ceUular  pyrites,  the  oellalar 
varieties  formed  by  the  decomposition  of  crystals  of  galena  which  contained  films  of 
pyrites  between  its  layers. 

Magnetic  pyrites  or  pyrrhotin  is  generally  Fe^S* (iii.  402). 

Tin  pyrites  is  Cu«S(SnS«.Fe«S").    See  Tw. 

Variegated  pyrites  or  erubescite  is  FeS.2Cu*S  (ii.  78). 

The  native  sulphides  of  copper  and  iron  are  extensively  used  for  the  extmction  of 
sulphur  and  the  manufacture  of  sulphuric  acid  (see  Bichardaon  and  Watts't 
Chemical  Technology,  vol.  i.  Pt.  3  and  Appendix). 

9TSOACBTZC  8VZXZT.     Syn.  with  Acbtonb. 

WHWOAXXLAMIO  ACZB.    Syn.  with  Phthauc  Akhtdeiob  (p.  631). 

FTmOBBmoZiXins.    Syn.  with  LopHnns  (iii.  733). 

FTBOOAMVBKaTZC  ACZB.  C'*H"0<.  (Schwanert,  Ann.  Ch.  Phann. 
cxxviii.  77 ;  Jahresb.  1863,  p.  397.) — An  acid  produced  by  the  action  of  heat  on 
camphretic  acid,  one  of  the  products  of  the  action  of  nitric  acid  on  camphor. 
When  camphor  is  heated  with  10  or  12  pts.  of  nitric  acid  of  specific  gravity  1-34,  the 
liqnid  cohobated  as  long  as  any  action  goes  on,  the  product  freed  as  completely  as 
^possible  by  r<»p«»at*»d  evaporation  froni  camphoric  acid  (i.  730)  which  crystallises  out,  and 
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\  miric  ftcid,  juwl  the  e^Tupv  mother-H^uor  iheti  tr^nied  with  10  pu.  of  culd  imUtt 

ilpli  re  I  ic  Rcid,  C**E**0'  =  f<^^'*"'*p*)  Jo*,  di*ftolre«»,  while  Auoihi*  add  remaiAt 

pfhiDd.     To  purify  the*  pft»diu!t,  iho  dUt^rtd  solution  is  ernpomt^'d  till  the  residtte  dis- 
'iolvpn  coinpi«l(*ly  ia  cofd  WMirr,  iind  the  Botution   is  fmrtioonlljr  ptvcipitiited,  eitiicr 
imircdifttfiy  or  after  nM»tnili*nriou  with  «nimonia,  with  oenlriiil  acetafis  uf  Irad^  which 
tbfowi  down  th^  re«l  of  tht»  ^^i-mrphont'  mcuI,  lop*»th<»r  with  a  third  acid.    Tb©  ^ohitioii 
filterad  divim  thrae  leu^  1  w^ith  acct«t«  of  load,  the 

wathftd  pr«ctp)taie  is   '  tdd  Uttraie  is  evap'jntted, 

Catnphretic  acid  is  thus  uu  eiio^,  thick  ajfrup,  Ukti  Veitice 

liLrprDtiDe,  haring  a  sour,  |  r  Lastp.     It  diaatUVfa  ejuily  ta 

water,  aJeohol,  and  etheri  au  -  ilti,  haTiog  the  general  (amiula 

The  Hhyiie  tther,  C»»H'»(C«H*)»0',  obfaioed  by  deeomfosing  the  dlrcr-aalt  with 
iodide  of  ethyl,  or  by  pajh>ing  bydroehlorie  ucid  gas  iiit/>  the  alcoholio  aulutioa  of  the 
acid,  is  a  tion^volatile  viscid  oil  of  apedfic  gravity  10776  at  13"^.  Duthyt-iamjfhntic 
mctd,  C»»H'\C-H*)*0',  ia  produced,  together  with  the  noutrJ  ethrr,  by  the  last- 
mentioned  procesa,  and  roay  be  extracted  hy  treat ini!  tiu-  oil  >epir::lt-d  hy  wviWt  with 
diliitfi  aoda-lay,  agitating  the  oeutralised  M^lutton  Tiirji  ethor,  and  evaporating  tht*  ether* 
It  then  remaina  as  a  thick  riscid  oil  of  specific  gratity  l'i2S  at  13^. 

Carnphretic  acid  isuhjected  to  slow  distitbuioD  in  an  oil-bath  yiet^U  at  10(1^  an  add 
watery  dtstilliite  coatuining  acetic  acid  and  acetonv,  then  beiwrvn  ISu^  and  220*  an 
oily  distillate,  which  partly  solidifie!!*  in  tabular  cr>MtaJ«.  nnd  finnlly  at  about  270*  ^ 
whitv  crystalline  Robfi mate,  with  a  lui  '        '"    '  !.     The  oily  body  U  pyTO# 

citmphrt'tic  acid,  C**H'*0*:  tb^  t^bul  nipbretic  acid,  C'*H'"0*; 

the  sublimate  consists  of  camphoric  aji^  ,    .-     ,  l  ^1   l  . 

Pyrocamphretic  acid  ia  a  pflie  yi'llow  vibcid  oil,  hcuvirr  than  water,  having  an 
aromntie  odour,  and  a  slightly  sour,  burning,  aromatic  taste.  It  boila  between  206® 
and  210'^,  does  not  solidify  at  0**,  U  in»<jtuble  in  water,  but  diAsolvw*  in  alcohol 
and  ether,  forming  strongly  acid  aolutioni.  The  bartam-salt  and  the  lead-talt 
C*fl**rb'U*,  arc  white  amurphons  precipitati**. 

Hetacaniphretic  acid,  C'*II'*0^,  crystallit^ea  from  an  alcoholic  aolntioo  de< 
eolorijied  with  animal  charcoal,  in  rhombic  t^iblftta,  which  iii«U  at  89^,  solidify  at  66°, 
ilih^olve  f>pariogly  id  cold,  tasiily  in  hot  water,  aud  in  aU  profKtrtions  in  alcohol  and 
nthcT.  The  aqueooa  solution,  which  has  an  acid  reaction,  is  not  pirocipitated  even  alter 
oeutrulisntiuai  by  calcium  or  b&rium-sdtft, 

9ir»ocATacsirxc   Acra.j     ^^^*  ^*^^  Oxxvum^ic  Acm  ^p.  315>. 

9YHOCai.O&£,  A  mifjcral  conBtsting  of  niobate  and  titanate  of  calcium,  cerium, 
&c.  (p.  67).  ThiiNt*  rarit'ti'is  which  onnt^in  fluorine  without  water  were  called  by 
Hermann y?»*«cA/ur<,  (he  others  hydrocfdore. 

VTKOOITSZC  ACZD8.  Acids  prndneed  by  the  destructive  dit<tillatioQ  of  citric 
acid,  viz.  nconitic,  citraconic,  and  itaconic  acids.  Mescaconic  or  citracartic  acid, 
pnidueed  by  the  action  of  boiltcg  dilute  nitric  acid  on  dtracooic  add,  ia  also  included 
by  Qerhardt  under  the  aam<^  general  denomination. 

FTSOCHSQZTS*  A  variety  of  brucitc,  with  rxce«(S  of  manganese,  found  in  the 
Pciji^berg  iron  and  manganeee  mine  in  Swdcn,  where  it  forms  white  nacreous  veins  in 
the  magnetic  iron  ore.  It  is  latoitiar,  as  hard  aa  brudte,  effioreacea  in  the  a]r,aeaiiiDtng 
Urtt  a  bronze,  then  n  black  colour;  when  heated  it  l>ecome8  green,  and  aftarwards 
blrtck,  with  loaa  of  water ;  contain*  76  400  MnO,  0006  FeO,  3  110  MgO,  1270  CaO, 
16-360  HO,  and  3  834  COl     (IgeUtrom,  Pogg.  Ann.  ciiii.  18L) 

PTaoci*ASlTS.    A  mineml  occurring  in  kidnf^'-ahaped  maaaes  in  the  Mougo 

ii(lHnr!>  ou  thn  Mo^^^uito  coasL     It  consists  mainly  of  a  hydi^ted  txicalde 


mocoimrs.    A  batic  poiaonons  inbttance  aaid  to  be  produced  by  the  drr 

dibtillrttion  uf  htmlock  (Handw,  \'u  709). 

FTRODMTmzsir.  (G^lia,  Ann.  Ch*  Phya.  [3]  lii.  38S.)— A  product  obtained 
by  the  roaating  of  aUrch  (appearing  indeed  to  be  the  only  coloured  anbatance  thereby 
produced),  of  cereal  gnina,  potatoes,  maiie,  or  coffee. — Starch  is  roasted,  with  constant 
ftirring,  in  an  open  veaael  strongly  heatt-d  on  one  sid**,  freah  portions  being  continually 
brought  in  contact  with  the  hot  part,  till  it  is  free  from  adhering  water,  awdla  up 
strongly,  gives  off  pungent  vapoura,  and  sinters  together,  so  that  it  ia  eajaily  aepanttea 
from  the  hot  bottom  of  the  vesaeL  It  ia  tbua  disaolved  in  hot  water  ;  the  dear  filtrate  ia 
evaporated;  and  the  reddm-  ii  dried  and  heated  bj  small  portions  in  an  *i^b«ith  to  220** 
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— SSO^ytooompkletberoMting.  The  ^KM^nroduet  thus  obtaiaedi^  ,     ^ 

firom  adhering  deztrii^  hj  repeatedly  diosornDg  it  in  water  and  pracipit>tiifl(g  taa 
■olation  with  alcohol,  as  long  as  dark  flal^ea  ooatinae  to  aepante— or,  in  preaenee  o£a 
huge  quantity  of  dextrin,  by  pFScipitating  the  aqneoua  aolntiAiQ  witli  esoe«  of  bafjte- 
water  containing  alcohol,  wasning  the  resulting  precipitate  with  weak  qMxit»  ^onia§ 
npon  it  a  quantity  of  snlpbnrio  acid  soiBcient  to  decompose  it,  flltaring  the  liqvid  to 
vnnoTe  siuphate  of  baiuun,  and  precipitating  the  filtrate  with  aloohoL  The  pyio* 
dextrin,  which  separates  in  the  form  of  ssrrup,  is  dissohred  in  a  aBnll  qnaatilTf  of  i 
the  flttfmte  efspovated  ateat  the  water-bath,  and  the  residae  dried  at  140^. 

PyiodeaLtrin  is  a  solid,  brown,  friable  masi,  shining  and  tovgh  when  ] 
odocons  and  tasteless.    When  dried  at  160^,  it  gives  l^  analyaia  45-7  per  < 

Ibrauuia  C* 


and  9*2  hydrogen,  which  may  be  represented  by  the  empiriad  temiua  C*^S**0",  \ 
quiring  46*37  Q,  525  H,  and  47*68  O. 

CbrSfinatums, — Pyrodeitrin  when  exposed  to  the  air  takes  up  S  at^  ' 
wards  dissolres  readuy  in  water,  forming  a  brown  adhesive  gam.  It  is  fwaringly  aobbte 
in  alcohol  of  22  per  cent ;  insoluble  in  absolute  alcohol  and  in  other.  Aqaeoiis  pyn^ 
dextrin  is  not  coloured  poiple-zed  by  iodtne  (like  dextrin),  bat  is  deeohaised  by  nMist 
hydrate  of  aluminum. 

The  aqueous  solution  mixed  with  baryta-water  and  weak  aleohol  yioldB  a  \ 
containing  C**E7*BarG^ArO;  and  with  acetate  of  lead  and  ahootetaaieol 
oipitate  containmg  C«^*W)'X>w. 

DeoompoHHofU. — I.  Pyiodextrin  remains  unaltered  at  210^ — ttCP,  but  dswmpoies 
at  a  higher^ tempeniture ;  takes  fire  with  difficulty,  and  leayes  a  hard,  coherent,  slov^- 
bomiag  cinder. — 2.  When  treated  with  nitric  acU,  it  pelds  oxalic  acid. — 8.  'By  oUof 
vitriol  or  strong  hydrochloric  acidf  it  is  oonyerted  into  a  spctfinffly  solnUe  brown 
powder;  dilute  sulphuric  or  hydrochloric  acid  alters  it  but  Tory  slowly,  even  i^ien 
heated.— 4.  It  reduces  cuprous  oxide  from  an  alkaline  Moluium  of  eufrie  exide,  and 
from  solutions  oi^iold  and  st/wr-salts  it  reduces  the  metals. 

Syn.  with  Ptbosiulutb. 

Electricity  derekped  by  hsai  in  eiystala  (ii.  411). 

»CTO^  H  li'fcWW.  An  unefyitallisable  product,  formed  by  ihi&  aeCuni  of  i 
on  pjrof^Ulic  add  in  open  Tees^.  Its  finmatiott  is  probably  analogovs  to  that  of  c 
froln-0rein : 

■-'•■         SC«HW  +  6NH»  +  ()•    -    C>«H-N«0*  +   BBH). 
Pjrotallic  PjrrogmHcia. 


It  forms  brown  precipitates  with  many  metallic  salts ;  b«t  Ibi 
washing.    (Bo  sing,  Compt  rend.  xItL  11 8&.) 

WrrmmOMJLLao  AiOX^    Dioxfpkmie aeid,  CH^O^.^This aaid  waa  flmlukaLiirf 

by  Scheele,  and  was  considered  as  sublimed  gallic  acid.  Bsfaeliaa  and  Prioaaa  eslib> 
Itthed  its  oimpositioik  It  contains  the  elements  of  gallie  aeid  miava '— ViMBtr  anhy- 
dride. 

It  is  best  prepared  by  heating  a  dried  a^eous  extxact  of  nnt^aalla  ia  a  pot  on  which 
is  placed  a  cap,  such  as  is  used  in  the  anbhmatjpn  of  bensoic  acid.  The  Toaaal  la  jlisal 
in  a  sandrbath.  and  kept  at  a  temperature  of  180^  to  185^,  for  IQ  or  12  hofnni  lathii 
way  about  6  per  cent  of  add  is  obtained.  According  to  Liebig  (Ann.  CSh.  Pham. 
d.  47),  gaUic  add  is  the  best  source  of  pyrogallic  add.  The  coarse^  powdered  gallie 
9dd  i9  mixed  with  twice  its  weight  of  bruised  pumice,  and  placed  in  a  reftort  m  die 
i(i|balwe  of  which  is  a  tube  connected  with  a  caroonic  add  apparatna.  Hie  advantage  of 
thiis  arrangement  is  that  the  pyrogallic  add,  which  decompoaea  ahnoat  at  ttiflasmrT  tem- 
perature as  that  at  which  it  forms,  is  rapidly  removed  from  the  retort. 

PjmgaHie  acid  is  also  prodneed,  togedief  with  gallie  (dio^ynlk^lie)  Mid  I7  the 
aclisaef  hot  eaustis  potash-eolitioB  en  fciodoealicylic  add.  (Lantern %an»  Ajul,  Ck. 
Fharm.  cxx.  299 ;  Jahreeb.  1861,  p.  398.) 

.  P^nragallie  add  crystallises  in  loiu;  flattened  prisms  soluble  in  2^  ptiL  water  aL  12^, 
and  somewhat  less  so  in  alcohol  and  ether. 

It  melts  at  116^  and  boils  at  210^,  and  its  vapour  exdtea  coupling.  At  250^  it 
hisdtons,  gives  off  water,  and  leaves  an  abandaat  residue  of  <ws»y5f«r  mtid: 

(yaw     -      CWW    +    H«0. 

_£a^d[7  state  it  does  not  sHer  in  the  air,  but  its  aqueous  aolmion  bipoowa  hiowB, 

^M  leaves  a  Uadt  residue  on  evapmitbn.    This  diaqge  is  n^ost  npid  in  1^  prsaenee 

IVbeii  potash  or  soda  is  added  to  a  sohition  of  pyr^galKe  add,  the  sohrtioB 
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b«C9nM  fipidi/  bkck  ffom  abooTption  of  osy^n,  Aod  if  \hb  liquid  b«  «TaporAtfld,  ^ 
bbdc  gaming  residue  of  carbonate  and  AC«Ute  m  obtuned.  It  ii  on  t^ii  xupid  absorfi- 
tioQ  otoxjgtn  that  lb*  ow  of  vjrrogsllic  acid  m  etidiomatry  ii  ba««d.   (Sm  Anaxtsis  or 

1863,  p.  389 )p  m  nnll  portion  of  the  oxygen  is  converted  into  carbonic  oxide,  the 
Talva«  of  that  ga«  amounting  to  3—  4  per  cent,  of  tb»t  of  tbe  oxygen  absorbed  in  nn 
mlMao&phwe  of  pure  oxygen,  and  nbotit  2^  per  cent*  in  air. 

FfvogaiiM  acid  i«  aaaily  oxidiMd  by  ptrmancamoU  of  poidsriuMf  and  the  feaction  ii 
•aed  by  Hon  it?  (Ccmpt.  read.  zln.  677 ;  Jah»eb«  18d8,  p.  829),  for  the  irolninetri^ 
iirimatlnti  of  tb»  add.  It  m  not  aeted  apon  by  bydrochkniA  aekL  With  faming 
mipkurie  acid  it  forms  a  brown  eolation  Of^nt^ining  a  ealpho-acid  not  yet  examined 
With  fuming  niiric  acid  it  yielda  ojuitic  acid  (Rohi  ng).  Ita  aqueooa  aolatioo  i«  titmpd 
brown  by  niirouiacid,  eYen  in  T^ery  email  qoauiily,  so  tTiat  in  fact,  pTTOgaOie  vad  aflbrds 
aa  delicate  a  teat  ibr  nitrona  acid  a«  iodiaed slHrdi<pii«t4^  (Sohonbein,  SSeitachh  anaL 
Chem*  i.  319). — Chlorine  turns  pyro^allic  acid  black,  nnd  givea  off  hydrochloric  add. 
Mim  doea  not  appear  to  act  npon  it  below  200^.  With  anhydrous  hreminc  it  forms 
the  compound  C*H'Br'0*«  It  is  not  acted  on  by  ammonin-^itt  in  close  veasela.  but  if 
espoaed  to  the  air  nt  the  name  time,  it  ii  conTerted  into  pyrogallelQ  (p.  758).  (R  o i I  n  g, 
Gonft  rend.  lir.  1149;  Jahr«eb.  1857,  p.  315.) 

When  pyrogallic  acid  is  added  to  mUe  t(f  Umr^  the  liquid  aaanniea  a  beantifttl  red 
tint,  which  rapidlr  paaaee  to  a  deep  brown.  This  ri^action  ia  so  delicate  as  to  serre 
for  dptpctiog  small  quantities  of  th^  acid. 

The  solution  of  a/errpw  gait  addwl  to  pyrogallic  a*?id  producei  a  bwntlfhl  indigo 
colour,  tlio  presence  of  th«  tmofilleiit  tTuc«  of  ferric  nalt  produce*  a  deep  p^0n  tinIC 
With  f^rie  mIu  alone  a  red  colour,  but  without  a  precipftat  e,  ia  obtained.  £i£?Arof9«Afi 
t>fpat€ts»iuM  product's  a  broWn  colour. 

The  Baits  of  merctiry,  silver,  ^oid  and  ptaiinum  are  easily  reduced  to  the  metallic 
state  by  pyrogallic  acid. 

J^TOgaUic  acid  is  viieuaWelj  n&ed  in  photography  as  a  r^NJacing  agoenti  and  also  in 
some  prooeasea  for  colouring  the  hair  btowa  or  blade. 

It  is  a  weak  acid.  The  addition  of  th«  sffitllesl  dUatitlry  of  aUtili  ^tsi  It  an  alkaline 
r<^Hctiou  and  colours  it.  It  liberstaa  cstrbosilc  aaid  frstm  the  iHttlko  MiliMHleB^  but 
not  from  the  carbonatas  of  the  alkaline  eartha.  Accufdiag  to  Boaingv  ii  doaa  nol  de- 
compose any  carbonatre. 

The  pyrogallates  are  little  known.  They  are  more  soluble  than  the  gaUat«s,  but 
likc^  them,  they  hare  a  strong  tendency  to  become  cdouri^  in  contact  with  the  air. 
To  prevent  thia  alletntion  tha^  abould  b«  sTaponted  in  a  Tacuum. 

The  f^tmrnum-^ali  etyataUmes,  oeoordlng  to  Pelouae^  in  rhomboidal  nLilsa^  Aaoord- 
ing  to  Bosiag,  on  lbs  othar  hmnd,  pyrog&llie  acid  doea  nol  farm  lialiiiti  aalla  witli 
ammonia  or  with  tba  fixed  alkalis. 

Tha  moat  sUble  of  tha  pyrogallatea  ia  tha  mttkmn^taU,  C«H*SbOV  or  rather 
C*iI^SbO)'0*,  whi«h  aeparataa  in  what«  naereoHi  lasiinA  on  mixing  a  aamewhat  con- 
centratad  solution  of  the  add  with  a  boiling  Bolmtion  of  tnrtair-ametic.  It  remaini 
unaltered  at  130^,  is  insolubla  in  wat^,  but  disaohaa  aaaily  in  hydrochloric  acid 
(Roaing).  A  kad-ttUi  containing  C'*Ht<Pb"O^J»b*H*0>  is  predpiUted  on  dropping 
asalution  of  nautral  lead-^aaatata  into  an  excasnof  pyiogallia  aioid,  (Stenhonse,  Ann, 
Ch.  Pharm,  xIt.  1.) 

Pyrog;allic  acid  also  combinas  with  gdaiin  and  eoMein,  When  heated  for  38  houn 
with  staaric  acid  to  200^  K  forma  a  crystallina  compound  which  cannot  be  separated 
fioB  the  axeaaa  of  stearic  acid.    (Rosing.) 

TribtofnopfrPifaUie  acid,  CH'Br'O'. — Produced  b^  thf  action  of  anfaydroua 
bromine  on  dry  pyrogallic  acid,  and  aepaintaa  &om  alM>holie  iolitloih  is  large  ciyitok 
coauininf  1  at.  wat^r.  It  is  nearly  insi^ubla  In  cold  water,  dsauM^atele  by  bailing 
water.  The  aolution  when  mixed  with  alkalis,  acquirer  a  deep  r«d  colour,  changing  to 
brawn  on  Mpeiira  td  ikm  air.  Farroma  sulphate  producM,  even  in  a  very  dilute  aolu- 
linin  of  Ihff  bramine-compoimd,  a  dapp  blue  colour,  tirming  black  on  prolonged  cfxposnre 
imllanEr.    (Roaing.)  £.  A. 


A  name  applied  by  Dumas  to  pyro-acida  and  of  bar  prodlMta  of  tfai 

action  of  h^at  on  organic  bodiea. 

IPTmoammtC  ACI1».    Syn.  witli  Famaav  Acin. 
WWW^OOSmJTCZQ  A.OIXI.    Syn.  with  PTBODSXTnnr* 

mwmomMMJtommsm.    Syn .  wtih  Diglyeerin  ar  lHg1yc«fic  akohM*  (Se#  ^iromtft, 

HYnuATM  OP,  ii.  894.) 
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Syii.  with  Diglycide.  ^^7  j  O*  {loe.  eU.), 

»Tmoo&Toz-Tmzsu&FBum0iniAoii».  (C^*)*yo^— An  add  pradMoA 

H«     j 

bj  the  action  of  nitric  add  on  dithioglycerin  or  trithioglyciwin  (iL  895).  It  it  a 
ffummy  deliquescent  mas^.  Its  salts,  formed  by  the  substitation  of  M*  or  M*  fior  tfaa 
basic  hydrogen  of  the  acid,  are  insoluble  in  alcohol,  and  with  the  ezceptaon  of  the  lead- 
•alt,  deliquescont  The  solution  of  the  free  acid  evaporated  with  dilute  nitrie  add, 
yields  glyceri-monosulphurous,  oxalic,  and  sulphuric  adds;  with  excess  of  nitrie  add, 
only  the  two  latter.     (Catius,  Ann.  Ch.  Fharm.  cxxiy.  221.) 

VTSOOWOKZO  imwirilTtg.  Minerals  which  when  heated  to  ft  eotata 
degree,  exhibit  a  glow  or  incandescence,  probably  arising  from  a  new  diapoaition  of 
their  molecules.  Such  is  the  case  with  giulolinite,  orthit<^,  pjrochlorp,  teehnewkiiuti^ 
nranotantalite,  euxenite,  polycrase,  raalaoone  and  a  certain  variety  of  aphene  (Handv. 
d.  Chem.  vi.  62) :  see  also  Amobphism  (i.  200). 

ratOOVAZACZO  AOZB.     Syn.  with  Guaiacol  (ii.  946). 

VTSOOVAZAOZW.    A  ciystalline  substance  produced,  together  widi  g;naiaeoi 

by  the  dry  distillation  of  guaiaretic  add.    See  6r aiacum  (ii  948). 

WnOTLJLm  Pyrola  (or  ChimaphUa)  UmbeUaia,  contains  according  to  S.  Fair  bank, 
(Am.  J.  Phann.  xxxii.  254;  Jahresb.  1860,  p.  547),  an  iron-greening  tannin,  atareb, 
gum,  unciystallisable  sugar,  pectic  add,  resin,  fat,  chlorophjU,  an  acrid  resiaoos 
substance,  a  yellow  colouring  matter,  and  a  yellow  crystalline  body  railed  chioa- 
phyllin.     The  leaves  (?  dried)  yield  5*24  per  cent.  ash. 

Ou  distiUine  the  plant  with  water,  chimaphyllin  condenaea  in  the  nedk  of  the  retort 
(the  stalks  yiekl  more  than  the  leaves).  It  ciystallisea  in  long  golden^jellow  neediei, 
tasteless,  inodorous,  sublimable  without  decomposition,  insoluble  in  water,  aolnble  in 
alcohol,  ether,  chloroform,  and  oils  both  fixed  and  volatile.  The  alcoholic  adntioii  is 
not  precipitated  by  mercuric  chloride  or  tannic  add. 

VTKO&BZO  AOZB.    Syn.  with  SanAao  Acid. 

VTKOUMUrBOVS  AOZB.    Impure  acetic  add  obtained  by  the  diatillatioo  of 

wood  (i.  9). 

WTWOVXM*    Syn.  with  Ptbbol. 

VTSOZiXTKOrBZ&ZO  AOIB.    C**HK)*.>-An  add  oQ  produced  by  the  diy 

distillation  of  lithofellic  add,  the  chief  conatitnent  of  aome  kuKU  of  oriental  beaoar 
(ii.  684).  Lithofellic  add,  C'*H**0\  is  extracted  from  these  eoncreticAia  by  aotution  in 
boiling  alcohol,  and  crystallises,  after  decolorisation  with  animal  charcoal,  in  Toy 
imall  rhomboidal  prisms,  colourless,  hard  and  easily  palyeriaed.  It  diasolTea  in  29 
pta.  alcohol  at  20°,  and  in  6^  pts.  boiling  alcohol ;  in  444  pta.  cold  ether  and  47  pta 
Soiling  ether.  It  melts  at  205°,  volatilises  in  white  aromatic  raponra  when  meltaa  in 
an  open  vessel,  and  is  converted  by  dry  distillation,  with  loaa  of  I  at.  water,  into  pyro- 
lithofellic  acid. 

»TKO&ZVZXiZO  AOZB.  C~H«W  «  2C'»H»K)«.H«0.  (Sobrero,  Ana.  Ch. 
Pharm.  liv.  206  ;  Gm.  xiv.  206.)— A  product  of  the  dry  distillation  of  oliyil  (pt  200). 
It  is  a  colourless  oil.  heavier  than  water,  having  the  taste  and  smell  of  engenie  add; 
boils  sbove  200°.  It  is  very  slightly  soluble  in  water,  but  easily  solnble  in  alcohol  and 
in  ether.  The  aqueous  solution  reddens  litmus.  The  oil  dissolves  chloride  of  ealdiun, 
and  cannot  a^n  be  separated  therefr6m.  It  dissolves  readily  in  canatic  potaah,  but 
Without  yielding  a  cryatallisable  salt  (thereby  distinguished  from  engenic  add).  Hm 
add  reduces  nitrate  of  silver,  and  is  converted  by  nitric  add  into  picric  add  and  a 
Msin. 

The  alcoholic  solution  of  the  add  forms  with  basic  acetate  of  lead,  white  eordy  fialnt 
which  dissolve  in  alcohol  and  are  separated  from  the  solution  by  eraporatioD  or  by 
dilution  with  water.  When  separated  by  evaporation,  they  contain  67*6  .per  cant 
lead-oxide ;  when  predpitated  by  water,  53'2  per  cent,  the  former  afixeeinff  with  tha 
Ibnnula  C»«H>«0«J»b''0.  ^ 

FTBOZiirsZTB*    Native  peroxide  of  manganese  (iii.  811). 

Syn.  with  Haluc  Acid  (iii  784). 


nBOBKABZC  AOZ]>»  An  add  obtained  by  sulgectiitt^  pimario  add  (p.  646) 
l^-^qr  dtatillatiosir  probably  identical  with  eylTie  add  (Laurent:  aaa  vmim*s 
BmMook,  zvii.  826). 

0»HW.    J)t^w(m€nie  aeUL'-An  add  iaomerie  with 
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Ml 


pyromoeie  mdd  and  dtmoouc  &&hjdhde,  produced  by  tb«  dfy  dbtillKtioii  cf  eoiMnie 
or  of  meootiic  add ; 

C^H*0'     .     C0«  ^   C»H*0»;  mud  C»H*0»     -    CO*  +   C*HK)». 

Me«onic  Cofn«nlc  C«i]irn(c  Prr<Mn** 

•rid.  acM.  atlij.  ronte  itdd. 

It  WM  ditooTered  by  Sertftm*^  in  I6l7    ^  -*  — --^    •  »»  identical  with  mecoaic  ncid, 

till  the  diffewncfl  wa*  point^-d  out  hv  '  k     It  h^^  be<?n  chiisfly  studied 

by  Robiquet  (Ann.   Ch.  Phvs.  [2]  v    .  .  St  en  house  (Phil.  Mug.  [B] 

xxiv.  128),  dnd  J.  F.  Brown  l>hil  Mag.  [4j  ir.  16)  ;  riii.  201). 

Pyromeeooic  acid  i*  pr<»p»red  by  suhjectioj^  meconic  acid  to  dry  diktiltalion^  betveen 
290^  ind  S20^,  prc^stog  the  semifluid  distilltiltf  bt^twL-eti  pnpt^r,  and  ponfyiog  it  bv 
foblimation.  It  form*  larg©  traa8{<«rotit  tabl*!*,  dJf»t*lv(-»  ivuilly  in  water  and  m  alc&hcit 
anelft  at  120^ — 126^  and  sublimes  eaiiity  ereti  below  ltK>^.  lu  aqueous  loiutioii  it 
eoloured  red  hyftrnc  salts.  It  is  ra«ily  oxidL«i:<l  bv  nitrira4:t*i  and  by  cxce«i  ofcJkht' 
imt^^tattr,  and  coDT#^rt*»d  into  oxalic  acid.  Witli  hromim- water  it  yields  bromo- 
pvromeconic  acid.  It  ia  not  acted  upon  by  iodine,  but  ckforidt  of  ioJint  conrerts  M 
into  iodopyromecomc  acid. 

Fjrom«eonati!c.    Fyromecooic  acid  iit  muuuUiiitc.     It  ii»  a  rtty  weak  add,  do«s 

L  Qscotnpose  onrboniitea,  aod  does  not  appt^ar  to  form  d^'liiiite  salts  with  the  alkalis^ 
DssniQch  as  an  alkaline  solution  of  the  acid  in  [lOtjiali  or  ammonia  depoaits  free  pyro* 
■  ineconic  acid  when  left  to  eraponite. 

The  banum-$tdt,  C«H*B*^>.H^O,  andth^?co/ti«OT-^//<'*lK'rt*0-.H»0,  separate  in 
alendsv^  needW  when  a  solution  of  the  acid  snpersatn rated  with  ammonia  is  mixed 
■with  acetate  of  bariom  or  calcium. — the  ttnmtium'Stilt^  C'*H*Sr"0*.H  O,  separates  on 
mixing;  alcoholic  nitrate  of  strontium  with  an  alcoholic  and  ammonia cul  solution  of  py> 
romecunic  acid,  an  a  while  cry»tAlljne  powdeTi  and  may  h^  obtainnl  in  stelUte  groupti 
of  needles  by  crystaliiaation  from  water.  The  eupric  salt,  C'*lI'Cu"0",  is  formed  by 
boiling  tho  aqueous  acid  with  ejiw^ag  of  eupric  hydrate,  and  sepsiratcs  from  the  31tmt«* 
on  cooling  in  long^.  blender,  emerdld'^oc-n^  Tery  fragile  needles.  It  may  also  be  obtained 
by  mixinit  nmmoniacal  cuprir  snlphntt'  with  a  warm  aqueous  sol ut ion  of  pyromeoonie 
acid. — The  ffrrte  mil,  C**H''Fe''0 ',  is  deposited  in  Termilion-colouMd  crystals  on 
addinjit  ftrric  chloride  lo  a  hot  conceutrated  solution  of  the  acid, *-Tbe  trnd^alt, 
C^'H'Pb^O",  prepared  like  the  barium-!M*lt,  is  a  white  crystallins  powdet.^ — The 
wuuptetitim  itmt^  C'*H*Mg"0",  is  a  whit*?  amorphoUA  precipitate,  obtained  on  mixing  the 
warm  aqneotis  solution  of  the  add  with  wcetate  of  magiit»ium,— Tlie  nlver^iait  is  ob' 
tained  on  adding  nitrate  of  etilvcr  to  the  aqueuus  acid*  ua  a  yellow  g^Latinoui  precipi- 
tate, moderately  soluble  in  water  and  in  ali^hol. 

No  ethi  r  or  amide  of  pyromtconic  atid  has  yet  been  obtained. 

Sromopjrroineeoiile  addf  C^H'BrO',  is  obtained  by  adding  bromine-i^ter  id 
the  aqueoUA  solution  of  pyrorn.coui*"  acid,  <are  being  taken  to  avoid  an  excess  of 
brumiiif*.  as  thut  would  pnjduco  oralio  uoiJ.  Bromopyromeconic  acid  separates  from 
Che  soluiioxi  on  standing,  in  colourh'^s  prisms  ^Ughtly  soluble  In  oold«  more  soluble,  with 
acid  reaction,  in  boiling  water,  msiiy  auUiblci  in  boiling  alcohol,  which  deposits  it  by 
slow  cooboit  in  shortened  prisms.  It  is  coloured  dark  red-purple  by  ferric  salts, 
dissolves  without  alteration  in  sulphuric  s^^'id,  but  is  decomi>06c*d,  with  effervescence, 
[  by  nitric  arid.  Wlit*n  distilUd  ti  gives  off'  hydrobromic  acid,  and  if  the  heat  be 
continued,  yields  ii  rrvstiilline  sublimattr. 

It  is  moiioba*ic,  doe*  not  precipitate  or  reduce  nitnit^  of  »iWer.  and  gives  no  preci* 
pitale  with  barium-,  t^lcium-,  or  magneBinm^sallA,  even  in  presence  of  ammonia.  With  a 
hot  solution  of  ammonia4^<al  eupric  snlphaie  it  forms  a  blai&h  precipitate.  The  tfod* 
Malt,  C'*H*BrPb"0*  (  4  H^O  according  U»  Brown),  is  obtained  on  mixing  the  hot  ^co- 
holic  solutions  of  pyromeconic  acid  and  aci^tato  of  lead,  as  a  white  precipitate  com- 
posed of  small  needles  which  quickly  dticomfxise.  It  is  inwluble  in  water  and  in 
alcohol. 

Zodoiijroiiiecoiitc  soldt  C^H'IO*.  (J.  F.  Brown,  Phil.  Mag.  (4]  riil  20t) 
— ^Produced  l^y  the  action  of  protochloride  ^or  pwtobromide)  of  iodine  in  aqueous solu* 
tion  on  a  coM  saturated  solution  of  pyroroeconic  acid.  It  crj'stftlliges  fn  thmtng 
liiminir,  meltK  when  heated  above  100°,  forming  a  blark  liquid,  which  then  suddenly 
decomposes,  giving  off  a  largo  quantity  of  iodine.  Nitric  acid  deoompcoes  it.  with 
separation  of  iodine,  Wlieo  treateil  with  excess  of  chloride  of  iodine  it  yields  yellow 
bexa^nnal  plates  which  were  rcgiirdel  by  Brown  as  a  peculiar  substance*  iodomt^^mt 
C*HTO*,  but  pr  bably  consist  of  iodoform  (iii.  311), 

lodnpyromeconic  acid  dissolres  sparingly  in  oold  water  and  alwAol,  sbundantly  in 
both  liq'nidH  at  tho  l-oiling  h'wit.  The  aqueous  solution  imparts  a  deep  purple  colons 
to  ferric  chloride,  aT»d  forms  with  ijttrate  of  siker  a  yellowish- whH*  precipitate  snlo^le 
ID  smmfrtia. 
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Th0  iledMk  Mfftttioiicf  the  mad  ttdkcd  wKh  ftnnioiiim  fbtnm  trifli  MBtti  of 
iMiram  a orrfUlUiie  nit  h«Tixig  the  eompontion  C**B*PBarO*JSH>.  1b»  fiwrf'idlf, 
C*^*I'FirO'»  obtoiiied  in  like  niMUia,  i*  n  UftoipliMui  pTM^ntato. 

FYBIMMDttonL  Hydnted  sulphate  of  nickel,  oecarring  in  cmgnXimey  mf^tf^mehm 
«nrfUl%  or  M  a  greeniah-white  eiloreeoeace,  at  Wallace  Mina,  Lak0  Hwm«  om  m  &£> 
l&da  of  aickel  sAd  iron  ;  ilnn  nn  in  riiithjr|iilri  jilliiw  fiiMf  ■!  iTii  riiiiitolflaiiiw 
Bajrent^   (Dana,  ii  3S6.) 

WYmmKMLaumC  AOED.  C*HK>«orC*^H)'?  (ErdBianii,A]ai.Gb.: 
Iddk.  SSl.^ — ^Prodnei^  hj  dirtilliog  nellitie  aeid  at  as  loir  a  tempts^ 
It  tbea  crthflT  sablimee  in  white  etyitale,  or  dktik  oter  aa  aa  tf 
in  a  OTilaBine  aiaae  on  ooc^ng.    OuhoBie  anhydride  m  ipmm  off  at  6ie 
togeClMr  with  a  little  eaibonie  oside^  and  a  earbonaeeoni rmdn^  ia  left: 

aC^HW     -     C»H«0«  -1^   SCO   ^  H^ 
or  11010(901)01)]/ 

3C«H«0«     -     C*mK^  +  2C0«. 

it  mar  alao  be  obtained  br  difttlliag  a  meUitirte,  tiie  eopper  or 
ammfU,  with  inlplnrie  ada ;  bat  the  beet  mode  of  prepamg  th^  ] 


aeid  it  to  deeonpoae  the  eodinm-eilt,  pvilled  br  cirstelliiatMii  fnm  ^iftiw^,  tpflli  kr- 
diodiloric  or  nitric  add.  ^ 

Pyweilitie  CFTetallises  in  eokmriew  trieiiBie  priniii,  eadAMog  moeotdhm  to 
Nanmaan,  the  eombiMition  oP:  e»F.  oo'P  .T^.}?.P»  .  Sf»«.  Ai^o  oP  :mF  m 
111®;  oP  :  odT  •  040  16';  wT  :  cpF  ••  76«»  80';  oP  :  P  -  6y>;  oiP  :  P  -in* 
^;  •TiP,  -  7r»;  a>F:P.  -  U(P  4*';  o.P:^.i.  Ur>4«';  oP :  «P«»  « 
M<»  4r ;  oP :  X^«>  -  7$^  W  :  «f«»  2Poo  •  160<»  46'.  Hie  OTatala  am  aightlf 
aolnble  m  oold  water,  yery  eoHible  in  boiling  water  and  in  akdhoL 

The  add  dried  at  100®— ISO®  eshibite  the  foUowing  compodtkn: 


47-27— 47-81 
2-S4—  2-41 

12*38—12-68 

47-24 

2-87 

60-M 

100-00 
12-41 

47-0 

1-6 

M-8 

100-0 

-••8*0 
12-6 

Water  of  qyitaHiitation 

The  fonnnla  C**HH)*  aeoorda  beet  with  tiie  analyaia,  and  ahn  aeoounta  moat  Midilf 
fcr  tiio  foriMtioB  of  the  add  (eUL  wp.), 

Tbe  oyatala  heated  to  lOO^'  gire  off  12*6  per  cent  water ;  at  a  hiciier  teaipetattt^ 
thotdd  flielte  and  aablimea  witii  partial  deeompoeition  the  melted  add  if  aCive^ 
heated,  takea  iie  and  bame  with  a  bright  smoky  flame.  The  add  diaaoiToa  withoat 
deoompoaitioB  in  hydrochloric,  iiitrie,  and  sulphuric  adds  at  the  boilittg  heat,  and  is 
precipitated  by  water  ftom  the  last-meDtioned  solution. 

Aaaoffding  to  the  formula  C**H«0*,  pyromellitic  add  is  tetrabasic,  tbe  Ibrmala  of  its 

normal  salts  being  (  M^[^^-    ^^®  pyromellitates  of  ^  alkali-metala  aiaookav 

less,  cratalNsable,  reiy  soluble  ia  water,  insoluble  in  strong  aleohcd,  slMtfy  mAM» 
m  WW  apifit.  Their  solutions  precipitate  a  large  nxmiber  of  mettle  sSta^  the  pre- 
e^piiatea  being  Tery  a|<  to  ivtain  alkali,  to  aroid  which  it  is  best  to  noor  tha  alka&ae 
nyiOBMilitaie  farto  aa  eaeess  of  a  hot  solution  of  the  metallic  salt.  The  bnrimm  ,  eaMma-, 
IMM^  aad  tUmr-MiU  ara  while  crystalline  predpitates.  Tbe  lead-^alt  gaia  bjaaalyds 

66-84  and  66*23  per  cent  lead-oxide,  the  formula  C>*H*PVO*.H*0,  requiring  66*48  per 
cent— The  silTcr^alt  gaye  67*7  to  680  per  cent.  AgK) ;  the  formula  (^H'AgH)* le- 
quires  6S*0  per  cent. 

Hnin»»»    Agranitmd  rock  containing  felspathie  i^hesnlaa  thidlj  dif* 
(Paaa,  ii.  246.) 

An  instrument  fbr  measuring  high  temperatorea.    (See  SuY< 


Syn.  with  OxYPBnno  Aom  (p.  815> 
Native  Phosphato^Aloride  of  kad.    (8oa  ] 

See  Ftsosiuctc  Acn>,  Ajudxs  or  (p.  764).* 
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O-H-O.  -  ^f>'\o.  or  <C«^r[o..or(0'|'<»'jO.. 

FjfroMckleinuaitrt.  Brttusckldm§iur€^ — ^ThU  acid,  meUmeric  with  p^froiii«eoni«  add 
mSad  dtnooole  anl^^rMle,  wm  duK»rendb]rSeli«el«in  1780^  Irot  ngjitded  «t  tfaAttimi« 
Aa  aQGCiDie  acid.  It  waa  fttvl  rMSOgtiiaed  aa  a  di«ititi«t  acid  b^  Hot  too 'Labi  Har- 
dier* <AiUi.Ch.  Phya.  [3]  ix.  SOdX  atid  baa  bean  fartbar  examined  bj  Pelouaa  (Ann. 
Cb.  Fbann.  ix.  273) ;  Bouiaiiigaolt  (»A«d:  xr.  184)  ;  LiiaBodArt  (iM.e.S27)i 
Sebwanart  {iimi.  oar,  63;  cztL  267)  i  and  by  Scbmela  and  Beilitein  {ihid, 
Sappl.  ill.  275). 

Il  ij  prodaced  bjr  tbe  dry  diatilUtioii  of  tnnete  acid : 

and  by  the  ozidatioii  of  fiu-futrolf  €^H*0*,  wbich  ia  its  aldebyda. 

Ira  rfflatiofia  to  furfiiro]  and  to  bas«a  aiv  siifildeDtiy  t«[»r«a8Dted  by  tbo  ftrat  ratioDiii 
foRBula  abofa  gireo ;  but  tta  relations  to  carbopyrolamida  and  carbopjrrolic  add 
(p.  76i),  are  better  expreaaed  by  the  second  or  tbinl 

PttptraUtm, — I.  Mude  add  b  aubjwted  to  dry  distinatioD ;  tbe  distillate  ia  mixed 
witb  vatar»  filtered,  and  arapoicated  to  tlie  cr^italliatiiA  point;  and  tbe  product  ia  purifiad 
by  recryttalHtatiflO,  diatULitioit  or  MiblitDBtiou, — %  Furfurol  i«  boiI«Mi  with  water  and 
recently  precipitated  Btlfer-oxide  ;  tbe  aUver  la  pxvdpitatMl  from  the  filtrate  by  hydro- 
chloric add  ;  the  liquid  ag^D fllterodand  eTapomted  to  the  cry^talliaing  po  nt ;  and  tbe 
add,  which  naaally  baa  a  green  eolouTt  is  porifled  by  rerry^iiUisatiun  from  dilute 
aleoibol  (Btibwa&ert), — 3.  An  alcobolie  lolntion  of  furfurol  mixird  with  a  lolutioo  of 
potash  in  absolute  alcohol,  »olidifle»  to  a  cvyataDiae  maaa  of  potass ic  pyromaeat«,  from 
wbkb  tbe  add  may  be  obtained  by  distiMa^n  witb  hydruchlunc  add  (Ulrich, 
Zeitacbr.  Cb.  Pharm.  1861,  p.  136).  Part  of  tbe  pyromucic  acid  is  converted  at  the 
»ame  time  info  pyroDiudc  alcohoL    (Sobmela  and  Bei  late  in,  p.  765.) 

iVoppr/ir#.  — Pyromucicacid  forma  white  needlea  or  lamln»  which  mdt  at  130°,  and 
iiabUme  eaaily  eren  l]C'low  IDiP.  It  diafolvea  in  28  pts,  of  cold,  and  4  pta.  qI  boiling 
water,  and  ia  eaaily  aolnble  in  nlcohoL 

Dti^mwmtiffM,^!.  Pyromncic  add  ts  not  attached  W  nitric  icid.— 2<  ^mUpkurk 
ankydrid*  H  h  iX)nTert<>d  into  sulphopyromude  add,  C*H^O*.— 3.  Vfith  pmtaehicride 
of  pkotpkoruM  it  yielde  chloride  of  pyrooiucyl,  C*H*0*CI.— 4.  By  bnm£n€,  in  preeence 
of  water,  it  is  conTcrtcd  fir^t  into  a  heavy  oQ  (pmbably  C^I1K>*J,  which  appear*  to  bate 
beea  prerioiuly  noticed  by  Cahours  {^Gm,  Bandh,  x.  38 i),  and  ultimately  into 
mueobromicacid,  C*H*Br»0*: 

C^HW   +   Br»   +    2H'0     -     C*H*Br*0»   +   CO*   +    6HBr, 

With  chlorine  in  like  manner  it  yielda  mncocbloric  acid,  C'HWK)*.  (Scbmelz 
and  Beilftein.) 

Pyromiicates.  Pyromndc  add  la  monobaaie.  It  diaaolrea  sine  and  iron  with 
ercliticm  of  hydrogen. 

The  pyromucatcB  of  the  alkali- metals  ore  eaaily  soluble  in  water  and  alcohol,  and 
dilRcult  to  cryfitalli^e.  Tbe  poia*dum-Mti ,  C^H'KO',  aeparatea  after  a  while  &om  its 
aloollolic  aolntion  mixed  with  ether,  in  brilliant  aealra  isA.  needles  permanent  in  the 
air.  Tbe  Mdiumsa/f,  C^H'NaOV  resembles  the  potaatuum-salt  and  may  be  ciystalliBed 
in  like  manner.    (8chTnetx  and  Beilittein.) 

Tbe  barittnt-mit,  C'*H*Ba"0»,  formn  small  ervitals  soluble  in  water  and  in  alcohol 
(Schwanert).  The  calcium  *sai/,  C'*H*Ck"*0*,  is  obtained,  by  neutraliaing  the  aqueoua 
add  wirh  marble  ami  t^rajjoniUnp,  in  small  crystals,  easily  soluble  in  water  and  In 
iilcohol.  When  preparKl  like  the  potuaai  urn -salt,  it  forms  a  snow-white  crystalline 
powder.     (Sc  h m  e  1 1:  and  B e i  1 « t  e i  o.) 

The  cvprtc  aalt^  obtained  by  neutTslisatioo^  forma  small  green  crystals, 
C'*H*Cti*0*.6H"0t  more  soluble  in  hot  than  in  cold  water. 

The  irad-sait,  C"H*Pb''0*. 211*0,  separates  fiiom  a  conceutrated  aqueous  solution  on 
cooling  fn  beautiful  white  hard  crystals,  sparingly  soluble  in  cold,  more  soluble  in  hot 
water.    (Scbmelt  and  Bei  latein.) 

The  W/frr-Aj//,  C*H»AgO*»  forms  white  crystalline  scales,  but  is  partly  decompoacd 
during  the  eraporation  of  its  aqueous  solution. 

Appendix  to  P^romttcie  Arid. 

I.  Siiso9bFoinl<j  ftcM,  C^^r*0".— To  prepare  this  add,  bromine  is  slowly  added 

to  i^rromticic  acid  corered  with  a  little  water  in  a  cooled  resael  till  it  no  longer  dis- 
appears ;  and  the  pfoduct  ia  digested  with  excesa  of  bromine  oirer  the  water-l^th,  till 
the  bcaty  oil  produced  in  tbe  tint  stage  of  the  reaction  (r»W.  gf*p.)  is  arhoUy  conmted 
into  mucohromit  add.    The  soluthm  concentrated  at  the  heat  of  the  water- bath  ^nelda 
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smeobiofiiie mdd  in  fftfti of  white  naereotif  crycUUine  Umixis,  mQ^ mon ■obilikm 
hot  than  in  cold  water,  easily  eoluble  in  alcohol,  melting  at  120®,  and  rabfiiiiiqg  wtt 
partial  decomposition.  i_    •        u. 

Mocobromic  acid  reddens  litmns  paper  and  decomposes  carbooatei^  wit  ito  MJti  an 
▼err  unstable.  A  solution  of  the  acid  in  absolute  alcohol  digested  for  jN»mfl  time  wiA 
hydrochloric  acid,  \  ields  on  addition  of  water,  oily  drops  probably  conaisling  of  ethyfie 
mucobroniato.  ^  

When  mucobromic  acid  is  boiled  with  excess  of  baryta-water  in  a  close  ireawl,  ear* 
bonate  of  barium  is  precipitated,  gaseous  bromacetylene  is  given  off,  aiid  A  aolntiflll  ii 
formed  containing  bromide  and  m neonate  of  barium.     The  reaction  is, 

2C*U«P.r»0'  1-   H«0     =     C*H«0»  +   CHBr  +    2CO«    +    3HBr. 

Muc'iliromic  Mucttnic  Brom- 

•dd.  acid.  acetylene. 

Boiled  with  oxide  of  silver,  it  yields  a  silver-salt  having  the  compoeition  Cfl*Bc'A|fO*, 
the  reaction  probably  taking  place  as  shown  by  the  equation, 

2C*H«Br«0«  +   2Ag»0     -     C'H«Br*Ag"0»  +  AgBr  +   H«0   +   C0». 

This  nlvAr-«alt  decomposed  by  sulphuretted  hydrogen  yields  a  ci3r8tallised  add, 
0'H^Br*0^  which,  when  boiled  with  baryta,  is  resolved  into  mooonie  scid,  brootsee^ 
lene,  hydrobromic  acid  and  carbonic  anhydride : 

C'n*Br'0»     «     C*H»0»   +  C«HBr  +   2HBr  -*-   CX)* 

The  ultimate  products  are  therefore  the  same  as  when  mocobromic  acid  itsslf  is  tisslH 
with  baryta-water.     (Schmels  and  Beilstein.) 

2.  BKacoeblorlc  add,  C*E:^CVO\  is  prepared  by  passing  chlorme  gas  Into  a 
warm  aqueous  solution  of  pyromuric  acid,  and  concentrating  the  liqoid,  flrst  over  the 
water-bath,  then  over  oil  of  vitriol  and  lime.  It  form^  smaU,  shining,  limpid  cryttali^ 
easily  soluble  in  water  and  alcohol,  and  melting  at  125*^.  (Schmeli  and 
Beilstein.) 

3.  BKaoonlc  add,*  C^II^O'.— When  the  liquid  obtained  as  above  bj  the  action  of 
baxTta- water  on  mucobromic  acid  is  freed  from  excess  of  baryta  by  means. of  carbooie 
acia,  and  the  filtrate  is  evaporated,  muconatt  of  barium  is  deposited  in  crystalline  crusts 
which  may  be  purified  by  washing  with  cold  and  recr^'stallisation  finom  hot  water,  or 
better  by  precipitation  with  alcohol.  It  then  forms  white  flakes,  consisting  of 
^C'Ba'O'.HH).  Its  Hqneous  solution  mixed  with  neutral  acetate  of  lead,  yields  a  white 
precipitate  of  muamatc  of  had,  which  dissolves  in  boiling  water,  and  separates  in  small 
crystals  on  cooling.  By  decomposing  this  lead-salt  with  sulphnretted  hydrogen,  and 
evapoiating  the  filtrate,  mttconic  acid  may  be  obtained  in  crystals.  This  add,  so  iar 
ss  its  empiridal  formula  is  concerned,  is  homologous  with  pyromucic  acid.  (Schnelf 
and  Beilstein.) 

VTSOBIirCZC  ACZB,   ABKZBBSOr.       1.   Pyromucamide,    OH^NO*  ^ 
JNor  (C^H^)'"  |N  ^y   (C»H«0)"V^  .-Produced  by  the  acUon  of  a 

pjrromucic  chloride  (Li  is- Bod  art),  or  by  heating  ethylic  pyromncate  with  strong 
aqueous  ammonia  for  some  time  to  120°  (Schwanert).  It  is  crystallisable,  m^  at 
about  130^  and  sublimes  easily  without  decomposition.  It  is  soluble  in  water  and  is 
alcohol 

a.  Carhopyrrolic  acid,  (C^H'O)*  Vq  . — This  compound,  metameric  with  pyroomet- 

mide,  and  related  to  it  in  the  same  mannner  as  alanine  (lactamie  acid)  to  laetsmids 
(iii.  453),  or  glycocine  (glycollamic  acid)  to  glycollamide  (ii.  902,  908X  is  obtained  as  a 
barium-salt  by  boiling  carbopyrrolamide  with  excess  of  baryta  aa  lonff  as  ammonia 
continues  to  escape,  removing  the  excess  of  baryta  by  carbonic  acid,  and  eraponiting ; 
carbopyrollate  of  barium  then  separates  on  cooling  in  large  crystalline  lamins, andtna 
aqueous  solution  of  this  salt  decomposed  by  strong  hydrochloric  acid  deposits  esrbor 
pyrrolic  acid  in  small  white  pri.sms.  It  sublimes  at  about  190^  and  decomposes  at  a 
slightly  higher  temperature  into  carbonic  anhydride  and  pyrrol :  C*H*NO*  -■  CO*  •♦• 
C*H*N.  It  is  quickly  decomposed  by  acids,  yielding,  instead  of  pyrrol,  the  prodnets  of 
decomposition  of  that  sabstance,  namely  ammonia  and  pyrrol-red. 

*  Thft  name  Is  sIm  applied  fo  an  add  bavlnr  tbe  compoaHioo  C«RsO«,  preduced  to  fb«  actios  sT 
niweent  hydroftfi  en  tb«  add  C«H«C1>04,  which  latter  retolts  from  the  actkn  of  piwtachletMs  ST 

ph»,«p.wiru^  on  mucicacfd.    (Bode,  Ann.  Cb.  Phann.  cxxxW*  95.)    1^  AvrtKiNX* 
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rol  (p.  783).     Ta 

th#»  oil  J  l<iv-r  of 

"  '    n,   eonUttilnff 

rb&t^i ;  iiiid 

nd  purified 


I 
I 


CarbtmyrrohU  *i/ barium t  C"H'B»''N'0**  fonni  Uig©  white  kmin«.  ioUiUf  in  w%\tr 
«ii*!  ID  KioohoU — The  Uad-§ait^  C'*U*Pb"N  0\  obtninrd  by  dw-^^mj^o^ing  lh«  bnriiim- 
miU  with  i>x(T*B  of  IeMd-hj^dml4%  b  v«'ry  scdutiU  tti  winter,  «nd  rftuHiDa  id  unerixiu* 
cr]rit«iiiue  tCMkles  rnbcii  th«  Miluliad  U  PTA^iomUKt 

H 

3.  X>i|ifro«ufa»iit*f#    or  Carhopyrrotamidf,   OII<5*0      «     (C'H'O)"' 

H»     ) 

<>     (C*B'0)*yN^— Thii  oampound  wm  first  obuiowi  br  MsUeuti   (Ann.   Cb* 

H-     ) 
rh«rai.e.  827).  bj  tb«  diDtUl&tton  of  mncjite  of  ammooium  (or  mucAmide),  nod  hii«  tineo 
bf«u  tnore  ftiHy  naniined  by  SchwAnert  itfttJ.  can,  270 1.     lu  fonmitiQii  from 
iiiiimt«  of  AmitioniaiD  ia  reprraeot«d  by  the-  t^uAtioa: 

C«H«(NH0*O*     -     C*H«NH>  4   C0»  +   6H»0, 

P*rt  of  the  product  is,  howoTi^r,  resolved  into  tininoiij  i 

prypitre  it,  muattc  of  urouiouiuin   10  »ubjoct<^l  to  dry  di 

pyr-  '    '■  *-'"*:  UoiiU  on  the  watory  disTillRfe  in  ri>Tnoveu  , 

dii  lid**  Htid  CHifconHtp  of  ammonium,  \n  *?VHporar»*d  ov 

th'       ,  iciimide  i«  extracted  fmm  th<»  crystalline  reAidue 

by  recryijtuliisiition  from  tbf»  enme  liquid,  with  addition  of  animal  cbnrcotfl 

Dipv^omuc^tnule  forms  white,  ehiniog  lamin:^,  ea»ijy  ^jluble  in  aU'obol  And  fithfr* 
Um  tulubli*  in  wj*ter.  At  173°  it  melts  to  a  liquid  which  iiolidtft<*«  to  a  erystHJlino 
masi  tt  183°.  When  boiled  in  tqtiiHJiw  solution  with  cxcea  of  b&rytji,  it  if  rebolTed 
into  ammonia  and  carbopyrrolic  acid  : 

FTROMTITCZC  A3LOOHO&*  A  <H>mpniind  r^tat^^  to  pyrooittcie  teid  in  the  nime 
mftnn«'r  n»  WnzyUc  Alcohol,  C'H'O,  fo  li^'iiDuir  hcvI,  C^H*0*,  and  produced  (tog^tUrr 
with  pyrc»mocic  acidi  by  tht^  iietiou  of  al(Hjholic  potitsh  on  fnrfuroC  j***^  ^  bentylic 
aleohol  is  pr<xlucwl  from  biiti'r  almond  oil.  It  is,  however,  mori»  easily  produced  by 
the  action  of  wKliura-amnlgufn  on  furruroL  It  i*  »  brown-red  oily  liquid,  nearly  in* 
aotuMe  in  water,  very  easily  soluble  in  ateobol  aud  ether,  decomposed  by  di^tilidtion, 
c<invirft»d  bvalkulia  ir.t>  pyromucic  acid.  (Schmelz  and  Beilsteio,  Ann.  Ch. 
Pharm.  SuppL  iii.  27 h.) 

PTBOircrCIC  cmx^OUIum.  C^H*03Cl.--Produced  by  distilling  pyromucic  a£ul 
with  pentachtorido  of  phosphorus.  It  is  a  liquid  whi^^h  boils  At  170^^,  is  converted  by 
Wiiter  into  pyromucic  add,  and  by  ammonia  into  pyromttcamide.     (Li^s-Bodart,) 

prmOMUCIC  VrBnS.  Ethylic  Pyramncate,  C*H"(C*H*)0»,  i»  obtained 
by  di.-.nUii>^  pyromudc  acid  with  alcohol  and  hydrochlonc  acid  (Mai Jibuti).  It 
forms  a  Umina-cryMtnlline  maw,  melting  at  31^,  boiling  between  208"  and  210^  easily 
fo1iii»]H  in  alcohol  and  «thert  inaoluble  in  water.  With  ammonia  it  forms  pyromu- 
c»mi«l*». 

2.  When  tliis  ether  is  stilijected  to  the  action  of  dry  chlorine  gui.  it  takes  up  4  at. 
^lorin<*,  without  evolution  of  hydrochloric  acid,  and  forms  ehloropyromacie 
athcr,  C41'C1'(C"H*)0^  a  fragrant  synijry  liquid,  eHJ*tly  nolublt*  in  iilcohol  and  ether, 
niM)lubIe  in  water,  and  deeoro|Kwing  when  heated,  with  slmndant  evolution  of  bydro- 
<!hbmc  acid.  With  the  fixed  alknlis  or  ammonia  it  yields  ulcohol  and  a  metal  lie 
ddonde.  fMalaguti,)  The  acid  corresponding  to  this  ehlorinat*^!  ether  has  not 
yet  born  obtained. 

FT&0FX.  Bohemian  garnet  containing  chromium  (it  772).  Moberg  9iippoe«« 
the  chromium  to  be  in  the  state  of  chromons  oxide,  and  giTfC,  ss  the  result  of  analysii^ 
4i  35  per  cent-  SiO\  22  U  Al»0»,  8  94  FoO,  4  17  CrO,  1600  MgO,  and  ^'29  CaO. 

9TBOFBCVXO  ACZD.  A  black  anlwtaDCe  pioduoad  by  the  action  of  best  on 
pectie,  parapectic,  or  mi'tHp*'Ctic  acid  (p*  3tt9V 

^TKOFaORtTS  (from  vDp  and  i4pwii>). — This  term,  in  itM  widest  sen«e^  denotes 
any  snlij^Unie  crtpwble  of  lakiog  tire  sponfuncously,  or  OD  vei^  slight  elevation  of  tem- 
peratUR',  a*  is  the  ca«e  with  phusjh"-"-  *  ^ -^phoretted  hydrogen,  caeodyl,  Ac.  j  but  it 
11  more  commonly  restricted  to  fin*  >l»d  liodics  which  exhibit  this  property, 

■uch  as  metallic  iron  rrduc^d  fr  1  by  ignition  in  hydrogen.     The  spou- 

taneous  inflummability  of  aucb  bodies  i»  duo,  partly  to  their  powt*rful  attractiou  for 
oxygen,  partly  to  their  pulrenilpnt  state,  whieh  enablef  them  to  condense  the  air 
lapidly  within  their  poress  thereby  cau^-ing  a  considerable  rise  of  tempemture,  whila 
at  the  same  time  they  present  a  birge  surface  to  the  action  of  the  oiygen.  When  a 
ioUd  mass  of  iron  is  rxjMjLisfHl  to  tin*  air,  the  hrat  developed  by  the  oxidation   of  th^ 
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■QpcfAdal  psitidM  is  at  once  conducted  awajr  thxva^boat  thm  €Btm  flHM%  M  thiiflM 
temperature  cannot  rise  raffleiently  for  the  oxidation  to  go  on ;  but  whan  Ibe  Mrtdii 
lednced  to  a  heap  of  very  fine  particles,  lai<ge  nomhen  or  tfaeae  eome  into  eoataci  vilk 

the  air  at  the  same  instant,  and  the  heat  dereloped  by  their  ooddition  im  uat *^''^ 

away  to  others  which  take  no  part  in  the  action  (see  CouBvmoM,  L  1096). 


Inie  pyropborie  character  is  exhibited  hy  all  the  more  easilr  osidabla  metali,  wUek 
are  reduced  by  hydrogen  at  temperatures  below  that  at  which  their  ^utidflB  lose  or 
weld  together,  eg,  iron,  nickel,  cobalt^  and  manganese ;  also  by  the  mixtam  of  tath 
diTtded  metal  and  carbon  obtained  by  igniting  the  tutr«t«a,  eitraftaa*  cwmlatwi;  and 
other  organic  salts  of  lead,  iron,  and  some  other  metals.  Tartrate  or  cttrate  of  lead, 
when  ignited  in  a  glass  tube  as  long  as  gaseous  matter  is  evclTed*  Bud  tlisn  left  to 
oool,  takes  fire  instantly  on  beins  tluown  out  into  the  air.  The  swlphid—  of  jwImmm, 
sodium,  and  lithium,  obtained  by  igniting  the  eorrespondiBg  ■wlphefee  vith  lamp- 
black, and  the  alum-nvrophoms  or  fiomber^s  pyrophoms,  prodareed  by  heeting  ahm 
with  lamp-black,  starch,  or  fiour,  likewise  exhibit  spontaneous  inflummahility.  (Handw. 
d.  Chem.  Ti.  718.) 

vrmomoSFSAMIO  AlOam,  Gladstone  in  1B49  (Chem.  Soe.  <|il  J.uL 
ISA),  br  sutgectin^  ehloronitride  of  phosphorus  (p.  617)  to  iflhe  action  qf  alh^ 
obtained  two  tribasic  adds,  to  which  he  assigned  the  formi^  F'NH^O^  andPlf'H^, 
the  first,  called  ojeophatphario  add,  consisting  of  phosphoric  add  -t-FK,  and  the 
second  called  dettUu:cpki>^fhoric  aeid^  or  phosphoric  acid  '¥  2PK.  iJAnreiit,  howevs 
(Gomnt.  Chim.  1860,  p.  887),  suggested  that  these  adds  were  amie  adds  deriTsd  froia 
pyropbosphoric  add,  the  first  being  pyropkotphamio  acid,  P^NHK)*,  and  the  seeond 
pyrapkotphodiamic  acid,  P'N*H*0* ;  and  these  formube  hsYe  been  ecmilmied  by  the 
more  recent  analyses  of  Gladstone  and  Holmes  (Chem.  Soe.  J.  xriL  215).  Lasdy, 
Gladstone  (ibid.  xix.  1)  has  completed  the  series  by  the  disaoTwy  ci  pyropkoapkt 
trimmie  acid,  P^'H^O^.  The  relations  of  these  acids  to  pgrraphoapborie  mmT  Msiy  be 
exhibited  as  fi^ws : 

Pywpbosphoiie  add P«H*0'     -    ^^h?^|o* 

P^rophoephamic  add  P«»H*0-    -    P^NH^HW    -     (P'O^loi 

P^iophosphodiamie  add  .  Pn9*H*0*    «    P^NH*)«EPO»  -     (F*0^l^ 

^fiephosphetriamie  add  .  TWO*    -    V\VBFfBO*    -     CP'OTF'l?' 

or  rather  P^KH)«H«0«    -     (P^OT*!?** 

l^rrophosphamie  acid  ii  tribasic,  and  p^ph«q>hodiamic  add  is  dibasie^  as  ntAhm§^ 
hy  their  formubB ;  but  pyrophosphotriamic  acid,  which  from  analogymjg^t  be  csstclsd 
to  be  Bonobadc,  is  in  reality  tetrabasic,  being  capable  of  yielding  di-,  trir,  and  titea- 
metalUo  as  well  as  monometallic  salts :  hence  it  is  best  represented  by  the  ^^^n*^ 
ia  the  last  line  of  the  preceding  table. 

1.  »jrophoi9liamle  aeld,— P*NHK)*.— This  add  is  produced  from  pjiophonbo- 
diamic  add  by  simply  heating  its  aqueous  solution : 

P«N*H«0»  +  H«0  -  P«NH»0«  +  NH»; 
but  the  deeompomtion  is  apt  to  go  too  iar,  yielding  ultimatdy  nothing  bvt  phmBhils 
of  ammonium.  The  metaUio  p^phosphamatea,  however,  axe  oioce  itabiiig  mA  ^irt 
which  are  insoluble  in  dilute  acids,  the  ferric  or  cuprie  salt  Ibr  ezampla^  aie  CMilf 
prepared  by  heating  an  alkaline  pyrophospbodiamate  with  an  add  aftiTtiffn  of  tiie 
metal: 

.   P«N«H*MH)»  +  Ma  +  IPO     -    P«NH»MW  +  VWCL 
P>5gbjJ2*o-  Pyropboipl^ul.. 

By  decomposing  the  silTer-salt  with  hydrochloric  add  and  erapoiating  the  filtiate, 
^yro^hosphamie  add  is  obtained  as  a  semisolid,  non-crystalline  mai^^TiiK  an  add 
ieaetKm,  deliqueecing  in  moist  air,  soluble  in  alcohol,  and  capable  of  bearing  a  straog 
heat  without  deeompomtion. 

^JjffwhotphamaU  ^  Ammonitm  is  obtained  as  a  gummy  mass  bj  deeompoaing  the 
Mad-salt  with  somewhat  less  than  an  fsqniralent  quantity  of  ammonia,  and  en^mtii^ 
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thf^  flltimte  ill  T^cio  orer  oil  of  ritrioL  The  potaMum-taitt  obtaiii«d  in  like  muuiAr 
by  ^MaompotftDg  the  ferric  wit  with  pota&h^  iit  iko  a  gnmiiijr  QtM. 

Barium-^t,  P'N'H'Ba^O**,— To  prppiire  thiB  nalt,  an  tilcoHolic  iohitioii  of  ehloro- 
niUide  of  phcfphomi  i«  dttcomponea  bj  pola«b  or  AnunoniA  ■  the  Uqoid  \%  ef»por»<M 
to  drTDcat ;  the  residue  diMolred  in  water ;  and  the  resulting  elation  of  pjroohoipho- 
diamat*  of  potaMium  or  ammonium  if  boiled  with  #xceM  of  barium-chloride.  Thtf 
pjrophocphamate  of  bannm  in  th»*&  predpitnted  us  a  whit«  granular  powder,  eaailjr 
toluble  in  nitrSfi  or  hjdfochlonc  add,  in»olubte  in  aeH:ie  aeid. 

The  eume  $alt,  P*K*H*Cu*0^».2H*0  (at  100*).  prepansd  in  like  mauner  by  boiltng 
the  ilighuj addukted  solution  of  An  alkaline  pyropli^'P^^^**''**^^  witheuprie  sulphate, 
la  a  blue  flooculent  precipiute.— The/emr  t^t^  P'TTH^Fe^O*,  prepared  in  like  manner^ 
ie  A  white  flocculeot  precinitnte,  which  aflbrda  a  very  eharaeteristic  reaction  for  pyro- 
pbottphamic  4cid. — The  niver-sa/f,  P^H*Ag*0*,   ta  a  white  precipitate.— The  W*tr- 

mit,  FN'H*;^nK>'^  ii^  a  white  granuUr  powder, 

1  »7rwphMptiodiAinlc  udd,  F^^HK)*.— This  add  is  produi!!fld:  1.  By  the 
acti<»i  of  water,  or  better  of  alkalis,  on  chloronitrids  of  phosphonu  in  alooholtc  so* 
lution.    (Gladstone.) 

2P*JTCl»  -r    15H*0     »     SPN^H-O*  *    l2HCi 

2.  By  the  action  of  aminonia*gas  on  pboflphoric  anbydnde  :* 
P«0*   +   2NH«     -     P^*H*0». 

9.  By  psMing  dry  amroonia-gas  oter  phosphoric  o^chlondt,  till  it  is  oonv«rt«d  into  m 
whit^  solid  suJbfltftncs,  tiiking  care  thAt  the  teni|;>ermfure  do€«  not  rise  too  high«  and 
treating  this  product  with  water,  which  dissolres  it  completely,  the  solution  oontaining 
hydrochloric  and  pyropbospbodiamie  adds,  partly  as  ammonium-BJilt« : 
2(PC1H>   +   NIP)   ^   3H*0     -     P'N'B-O*   +   6HCI 

The  solution,  when  exactly  neutralised  with  amtnouin,  yields  predpitates  of  pyropho«- 
phodiamates  with  se?eml  metallic  salts. 

The  Ust  two  methods  may  be  modified  by  using  the  Tery  strongest  solution  of 
ammonia  instc<kd  of  the  gas.     There  are  also  other  methods  of  proActng  this  acid. 

4.  By  throwing  pieces  of  pentachloride  of  phosphorus  into  the  strongest  aqueous  am* 
monia,  when  some  pypopboepbtJtriamate  of  ammouinm  is  at  the  samf  time  formed ;  but 
the  main  result  accords  with  the  following  equation : — 

2PC1»   +    12NH»  -f   6H«0     -     P"NmW  +    10KH*CL 

5.  By  exposing  phosphoric  oxychloride  to  ammoniar^gas  at  100°,  when  4  tt.  of  the 
hitter  are  absorbed  (instead  of  2  at.,  as  described  under  the  third  method X  and  sub* 
mitting  the  product  to  the  action  of  wjiter— 

FC1«0   +   4NH«     =     PN*H*C10    >   2NH*C1. 

2PN'H'C10   +   3U'0     «     I'^^^HH)*   -^   2NH*Cl 

8.  By  performing  asimilar  experiment  at  a  much  higher  temperature,  the  same  amount 
of  ammonia  yields  different  products,  one  of  which  is  insoluble  in  water,  but  when 
heated  with  solphurie  acid,  dissolree,  with  the  Jbrmatiou  of  pyrophospbodiamic  add. — 
7.  The  same  compound  ia  formed  when  pyrophosphotriamiis  add  is  hen  ted  in  *  aiiailir 
manner  with  eulpliuric  acid — 

P»N'IIO<   +   H'SO*   +   H»0     =     P*N»H«0*  +   (NH*)HSO*» 

Or,  S.  When  the  same  add  is  heated  alone  until  it  begins  to  snfler  d»»mpoeition.««^ 

9,  G«rhardti  pbosphamide,  heated  with  sulphuric  acid,  also  yields  pyropbosphodijunic 
acid,  thus^ 

2PirH»o  +  H=so*  ^  mny    ^    fn^«o*  +  (xh*)^o*. 

The  general  formnhi  of  the  pyronhogphodiamates  is  P'N'H^M'O*,  the  add 
being  dibasic  It  is  eomewhat  diflScult  to  obtain  these  salti)  puri*,  on  account  of  tha 
facility  with  which  they  afa  converted  into  pyrophosphamatee* 

The  harium-mit,  P'N'H'B»"0*,  is  a  gplutinous  predpitate  which  dries  up  to  a  white 
t^hw  powder.— The  aUmr-salt  has  the  composition  P'N'H^AgK)*,— Tbt  fwc-mlt, 
i^MwZn'Q*,  is  a  gelatinous  precipitate  easily  soluble  in  adds^  and  to  soms  sztaol  in 
Amraoniacal  salts ;  when  dry  it  forms  a  white  powdsE. 


•  S  c  h  i  f  f  f  Ann.  Ch,  Ptirn'm.  cML  16«).  luftfioprt  ih*l  Ibe  ppodnc*  of  thff  raacttPB  Uji 
PH*KO^;  btit  (lliiditonr  h^*  «h(»win  thftt  k  it  chirSf   |ijrof>ho«ptiodi«ailc  add,  raised  IHD'weTer  villi 
lacUfhetptiOflc,  «M  f rotknbl)-  wItU  oOier  Acidi.    (  Cbetn.  Soc,  J.  atll.  f3S.) 
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P(HH)^K)«  -  (P^yVo  —This  add  is  likewiM  fonned  bj  Um  i 

of  ammonia  and  water  on  phoephoric  ozychloride : 

2(PC1H)  +  4NH»)  +   2HH)     -     P«N»H»0«  4-  eBiCl  -4-   6KB*. 

When  dry  ammonia  gaa  is  slowly  passed  into  a  flask  containing  pho&fhane  ooK3^ 
chloride  cooled  by  immersion  in  water,  1  at.  of  the  ozychloride  takes  up  2  at.  amnwiia 
and  is  gradually  converted,  as  above-mentioned,  into  a  white  aolid  maaa.  If  the  flask 
be  then  immersed  in  water  at  100^,  and  the  solid  mass  broken  up  from  time  to  tims^ 
2  at.  more  of  ammonia  are  taken  up,  and  on  adding  water  to  the  white  anbetanoe  tha 
produced,  pyrophosphotriamic  acid  is  fonned,  together  with  pjropho^thodiainie  and 
hydrochloric  acids,  the  two  latter  dissolving,  while  the  former  remaina  behind,  and 
may  be  purified  bj^  washing,  first  with  cold  water,  then  with  a  little  dilute  aleohnl,  ^ 

Pyrophosphotriamic  acid  thus  obtained  is  a  white,  amorphous,  tasteleea  pofwder,  which 
reddens  litmus  when  moistened.  It  is  nearly  insoluble  in  water,  but  la  veiy  slowly 
attacked  by  it  at  ordinary  temperatures,  more  quickly  when  heated,  yielding  pjro- 
phoephodiunic  acid: 

P«N»H'0«   +   H«0     -     FN»H«0»  +  NH». 

When  boiled  with  hydrochloric  acid,  it  is  speedily  resolved  into  phoaphcxic  add  and 
ammonia,  pyrophosphodiamic  acid  being  an  intermediate  product. 
Pyrophosphotriamates. — The  acid,   as  already  observed,   ia    tetrabasic,   the 

general  formula  of  its  normal  salts  being  most  probably  P^NH)*M*0*  or  (PK)*)*'  >fx  , 

The  add  effervesces  with  solutions  of  alkaline  carbonates,  and  when  suspended  in 
solutions  of  metallic  salts,  usually  decomposes  them,  even  in  presence  of  the  liberated 
add.  All  the  pyrophosphotriamates,  even  those  of  the  alkali-metala,  are  insoluble  or 
sparingly  soluble  in  water. 

The  amfnoniumsalt,  P'K'H*(NH^)0*,  formed  by  decomposing  carbonate  of  am- 
monium with  the  acid,  cakes  together  in  small  white  lumps,  and  readily  gives  up  it* 
ammonia  to  dilute  acids  even  in  the  cold. 

Barium-salts,  The  numobarytic  salt,  P^N*H ''Ba^O",  is  prepared  by  diffusing  the 
acid  through  a  solution  of  barium-chloride,  and  carefully  neutralising  the  libented 

acid  with  ammonia.  The  dibarytic  salt,  FN*H"Ba*0*  or  P^N^H^Ba^O*,  by  auspendii^ 
the  acid  in  excess  of  an  ammoniacal  solution  of  barium-chlorid& 

A  white  cadmium-salt  is  obtained  by  treating  the  acid  with  chloride  of  cadmium ;  a 
ffreen  chroTnium-salt,  with  chromic  acetate.  The  coha/t-salt,  P'N'HH)©''©*,  prodooed 
by  digesting  the  acid  with  a  slightly  ammoniacal  solution  of  cobalt-nitrate,  has  a 
beautiful  violet  colour :  it  is  not  decomposed  by  hydrochloric  add,  and  but  slowly  by 
dilate  sulphuric  add. 

CoppsT'Salts,  The  monocupric  salt,  P'N'H'*Cu"0',  is  obtained  aa  a  pale  bias 
eompound  (not  quite  pure)  by  treating  the  acid  with  a  slightly  addulated  aolntioa  of 

cupric  nitrate.  The  dicupric  salt,  P*N*H'"Cu'0*,  obtained  by  digesting  the  acid  with 
cupric  acetate,  is  greenish. 

Iron 'Salt,  A  mono/errous  salt,  P^N*H"Fe"0*,  produced  by  digestins  the  add  with 
ferrous  sulphate,  has  a  yellow-drab  colour,  and  is  iusoluble  in  dilute  adds.  Ko  firric 
pyrophosphotriamate  has  yet  been  obtained. 

Lead-salts,^The  monoplumbic  salt,  P*N'H'^b''0',  is  obtained  pure  by  digesting 
the  acid  with  a  deddedly  acid  solution  of  plumbic  nitrate;   the  diplunMeMUt, 

FV*W*lfh*0*,  by  using  a  solution  only  slightly  acidulated;    the  triplwsMemU, 

P«N*H*Pb"0*,  by  warming  the  add  with  basic  acetate  of  lead. 

Magnesium-salts.—Tht  product  obtained  by  warming  the  add  with  an  amaio* 
niacal  solution  of  msgnesia,  washing  with  water  containing  a  little  ammonia,  and  after* 
wards  with  pure  water,  appears  to  be  a  mixture  of  mono-  and  di-magnede  pyiophes* 
photriamates. 
.    The  monffanssi'talt  is  yellowish. 

Msreury-salt,  P*N*H*£rg*0*,  obtained  by  diffhsing  the  aeid  thnm^  a  sdlulioB 
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ti  nicfeiirie  ciU<»ride,  of  a  slightly  ncidttliit^d  w>li]tiOD  of  ftrnmoQio-mercurie  cbloridet 
if  A  beaTf .  wbite,  grwittliir  powder  which  becomes  yoUowiBh^  iind  ^entnalJjr  djirit- 
coloored  on  ezpoivnre  to  light.  Iodide  of  potji&iiom  firot  tama  itflCttrlet«  And  then  dlfl* 
•olrM  out  the  mtrcuTy, 

Hiek^t'talt — A  feeblj  unmoniMiJ  solntioa  of  nickel-tiilphAte  jieMfl  a  bright 
green  pjrophovphotnamste. 

PUtinum^ialt,  P*N*H*IV*0^<~Obtained  bj  tilting  the  acid  with  ft  itn»ogioltt< 
taon  of  plAtinic  ehloridef  ii«  a  bulky  yollofri«b  com^und,  which  must  b«  wnshca  with 
akobol,  fts  water  deoompOBes  it  in  prespoce  of  the  hberated  aetd. 

Pctaiiium'taU,  P^'H«K01— Whit«,  almost  insoluble  lalt,  produced  by  decom- 
ponog  carbonate  of  potaaainm  with  pyrophotphotriamic  acid*  It  ta  easily  decompoe«d 
oy  acids. 

Sitvtr'satts.—Tho  mono-mr^tic  §aU,  P*N'H*AgO\  is  obtained  aa  a  white 
fiocculent  precipitate^  soon  bN^oming  grannlaTt  by  adding  nitrate  of  siker  to  water  in 
which  the  acid  is  suspended,  and  may  be  puriflpd  by  digesf ioa  in  dilute  nifric  acid  or 
wmmonia,  which  diseolTes  out  a  slight  excess  of  RilTer.  it  ia  insoluble  In  wat«!r,  and 
is  complftely  decompoaed  by  hydrochloric  acid.— The  inar^entic  gait,  P^*H'Ag^O*.  is 
obtained  by  precipitating  an  ammoniacal  aoIuHdh  of  bilTer- nit  rate  with  a  eolntion  of 
prrophospbotnamic  acid,  or  better^  br  tr¥«ting  the  mono-aige&tic-salt  with  ammoniacal 
filTer-nitrate.  It  is  of  a  bright  yeUow  colour*  heavy,  granular,  and  when  dry  forma 
an  orange-yellow  powder.  Dilute  nitrie  acid  or  ammonia  converts  it  into  the  mono* 
argentic  salt.     Acetic  acid  attacks  it  but  slowly. 

Thaitium*sait — The  acid  treated  with  niti^te  of  thallium  forms  a  heavy  white 
compound,  easily  decomposed  by  rather  strong  viitric  add, 

Zine-*alt.^Tbe  acid  deoompOMe  chloridr  of  zinc,  forming  a  white  pyrophoi- 
photriaraafe. 

PTmorsOSraOSXO   ACIO.     3ee  pHOSFBo&vs,  OxYOSK-^ODs  or  (p.  539). 

9'tM09M'T%MmWTU»  A  hydrated  alumioic  silicate  occurring  in  foliated,  talc<like, 
fnhtranFparent  masses,  having  a  white,  grec-n,  or  yellow  colour  and  p*^arly  lustre ; 
hHrdniMBH  «  1 ;  specific  gmrity  -  2*7 — ^2  8  ;  flexible  in  thin  laminiB.  Before  the 
Mowpip«it  awpUs  up,  without  fusing,  in  fun -likesh&pea,  increasing  to  about  twenty  times 
]t«  original  bulk.  It  forma  a  clear  yellt^w  glass  with  soda,  and  givea  a  ftne  blue  cotoor 
with  cobalt- solution.     Partially  aolubte  in  sulphuric  add. 

Arfolyse^.—a,  From  Fscbminsk  in  the  Uml  (Hermann^  Po^.  Ann.  xv*  392). — 
5.  Spa  inBelgium  (Rammelsberff,  iM.  lxviti.513).  — ^.Wi^stana  in  Sweden  (Berlin, 
'    ChestcrfieldCounty,  South  Carolina  (Gent h,  Sill.  AnL  J,  [2] 
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The    last    three    analyses    may    be    re| 

2APO*,98iO*.3H»0 ;    tiie  Unit   by  (Mg 

ChineSA  agalmatoHtea  (i.  60)    approach  very  nearly  to  pyrophyllite, 

berg's  Mineralckemu,  p.  686.) 

k    Syn.  with  FHTsaiJTR  (p.  634). 

The  nitme  given  by  Thomson  (Phil.  Mag.  xviii.  372)  to  a  t^ 
f)ub<itanct>  extracted  &om  elephants'  teeth  ;  apparently  an  albuminoid. 

PTS^QFXSSsraU  A  yellowijsh-brown,  opaque,  earthy  substance,  occurring  in  the 
lignite  of  WVias<^nfels.  Boiling  alcohol  extracts  from  it  30  percent,  of  a  white,  fusible, 
combustible  matter  Wbf-n  heated  above  100**  it  melte  with  tumefaction,  and  evoJu- 
lion  of  wbitf  vapours,  t^  a  black  inflammabh*  muss;  soluble  for  the  moat  part  in  oil 
of  turpentine.  By  diatillHtion,  according  to  Marchand,  it  yields  62  per  cent,  pamilln, 
and  3  cubic  feet  of  illuminating  gas,  from  a  pound  of  the  materiaL  (Kenngott, 
Min.  ForscL  18/jO— 61,  p.  148.) 

FTIftOQlTXirO^     Syn.  with  HritRogrixoicB  (iii,  213), 

FTmomAOnCIC  ACXll.   C*H*0'  »       jj      f  O.      Pjf^m  aeitf.      BrtHrtrau* 

hensdure.  (Berzeltus  Ann.  Ch.  Fharm.  xiii.  61. — Volckel,  ihid.  Ixxxix,  65. 
Wi slice n us,  ibid.  cxzvL  225.)-- An  acid  homologous  ^Hth  glyoxalie  acid  (CH^O*) 
produced  by  the  dry  distillation  of  racemic  or  tMrtaric  acid  :  probsbly  thus  ; 

C^H'O*     ^     OH'O^    *    CO*   4^   H»0, 
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To  prepare  it,  tartaric  acid  is  distilled  at  a  temperature  gradually  rising  to  300°,  and 
the  distillate  is  redistilled  several  times,  the  portion  which  goes  over  between  166®  and 
170°  being  ultimately  collected  apart.  This  distillate  left  for  some  days  over  oil  of 
vitriol  and  solid  potash,  yields  pure  pyroracemic  acid.     (VolckeL) 

Pyrorecemic  acid  is  a  liquid  having  a  fiiint  yellowish  colour,  smelling  like  acetic 
acid,  and  boiling  at  alK)ut  165°,  but  with  partial  decomposition  at  each  distillation.  It 
is  soluble  in  water,  alcohol,  and  ether. 

When  subjected  in  aqueous  solution  to  the  action  of  nascent  hydrogen — evolved  by 
sodium-amalgam  (Wis  lie  en  us),  or  by  zinc  and  sulphuric  acid  (Debus) — or  of  hy- 
driodic  acid,  or  iodide  of  phosphorus,  it  takes  up  2  at.  hydrogen,  and  is  converted  into 
lactic  acid  C*H*0*,  or  if  the  reducing  agent  is  employed  in  larger  excess,  into  pro- 
pionic acid  (p.  730).  It  unites  directly  with  2  at.  bromine.,  forming  the  compound 
C'H*Br*0',  probably  bromolactic  acid.  These  reactions  show  that  pyroracemic 
acid  is  related  to  lactic  acid  in  the  same  manner  as  acrylic  to  propionic  acid,  also  that 
its  relation  to  acrylic  acid  is  the  same  as  that  of  lactic  to  propionic  acid.  (Wis- 
licenus.) 

Pyroracemates.  The  acid  is  monobasic,  the  formula  of  its  salts  being  CH*MO'. 
They  ci^'stallise  well,  provided  that  heat  is  avoided  in  their  preparation.  The  potas- 
sium' and  sodium-salts  are  deliquescent.  The  sodiitm-aalt  forms  large  anhydrous  prisms, 
C»H*NaO«.  T\i%l(ad'Salt,  C«H«Pb"0«,  is  a  crystalline  precipitate.  The  sUver-salt  is 
also  crystalline,  and  may  be  reciystallised  from  boiling  water. 

fi.'Pi/roracemic  acid. — When  an  aqueous  solution  of  pyroracemic  acid  is  eva- 
porated by  heat,  there  remains  a  non-volatile  syrupy  mass  which  appears  to  be  a 
polymeric  modification  of  the  acid.  It  is  likewise  produced  when  the  acid  is  separated 
from  its  salts.  This  syrupy  acid  does  not  form  crystallisable  salts,  its  salts  being  all 
amorphous  and  gummy.  The  same  gummy  salts  are  obtained  when  the  solutions  of 
the  crystalline  pyroracemates  are  evaporated  by  heat. 

When  pjrreracemic  is  treated  with  excess  of  baryta,  a  yellowish  precipitate  is  formed 
having  the    composition  of   a  basic  barium-salt  oftripyroracemic     acid, 

C"H"Ba*0'*.Ba'TI*0*.  On  boiling  this  precipitate  for  some  hours  with  excess  of 
l^arj'.ic  hydrate,  oxalate  of  barium  separates  out,  and  the  supernatant  liquid,  when 
freed  from  baiyta  by  sulphuric  add  and  evaporated,  leaves  a  syrup  which  partly 
solidifies  in  the  crystalline  form  (Finck,  Ann.  Ch.  Pharm.  cxxii.  182).  The  crystals 
when  purified  by  recrystallisation  from  alcohol  and  ether,  constitute  Finck*s  u  v  i  t  i  c 
acid,  C*HK)*,  which  melts  at  287°,  sublimes  without  decomposition,  and  forms  crys- 
tallisable salts,  the  sparingly  soluble  silver-salt  having  the  composition  C*U*AgH>^. — 
The  sjrrupy  liquid,  Finck's  uvitonicacid,  has,  accoraing  to  his  analysis,  the  compo- 
sition C*H'^0'.  It  forms  amorphous  salts,  and  appears,  both  from  its  properties  and 
from  the  analysis,  to  be  merely  the  above-mentioned  syrupy  modification  of  pyroracemic 
acid.     (KekuU,  Lchrhitch,  ii.  213.) 

VIHOIMBTZV.    Retinite  from  the  lignite  of  Aussig  in  Bohemia  (see  Rsthcitb). 

VTSOKTBZTB.     See  Obthite  (p.  237). 

nsOSOUnUTS,  including  Kammererite. — These  minerals  are  alnmino-siliostes 
containing  chromium.  They  occur  in  six-sided  prisms,  apparently  belonging  to  the 
hexagonal  system,  with  perfect  basal  cleavage ;  also  massive. 

Pyrosclerite  is  translucent,  with  a  green-greyish  or  reddish  colour,  and  weak  pearly 
lustre.  Hardness  —  2  5 — 3.  Speoific  gravity  —  2*6 — 2*74.  Ffticture  uneven  and 
splintery.  Gives  off  all  its  water  at  a  strong  heat ;  melts  with  difficol^  before  the 
blowpipe  to  a  grey  glass,  and  gives  with  fluxes  a  faint  chrome  reaction.  Decomposed 
by  hydrochloric  acid. 

KiBmmererite  is  also  translucent  and  has  a  pearly  lustre ;  but  its  colonr  is  reddish- 
violet  like  that  of  lepidolite.  Hardness  —  1-5 — 2.  Specific  gravity  «  2617 — 262. 
Sectile  and  flexible.  Feels  greasy.  Gives  off  empyreumatic  water  when  heated.  Ex- 
foliates slightly  before  the  blowpipe,  but  does  not  fuse ;  gives  with  fluxes  the  reactions 
of  chromium.     Decomposed  by  hydrochloric  scid. 

Rhod^Khrome  is  a  variety  of  keemmererite,  having  a  greenish-black  colonr  in  the 
mass,  but  peach-blossom  red  in  thin  splinters.  Hardness  —  2*6 — 3.  Specific  mvity 
«  2-65— 2*67.  When  strongly  heated  before  the  blowpipe,  it  melts  on  the  eq^  to 
a  yellow  enamel. 

Analyses. — a.  Pyrosclerite  from  Elba  (v.  Kobe  11,  J.  pr.  Chem.  ii  51). — b,  K»m- 
roererite  from  Bissersk  in  Siberia  (Hartwall,  Berz.  Jahresb.  xxiiL  266). — c.  K.  fronx 
I^ke  Atkall  in  the  Ural:  a.  crystallised  ;  ^.  mussive:  rA/)fi^Arom«  (Hermann,  J. 
pr.  Ohera.  liii.  22). — d.  K.  from  Texas,  Lancaster  Gov  nty,  Pennsylvania  :  o.  by  Gent  h 
(Sill  Am.  J.  [2]  XV.  438) ;  /5.  by  Smith  and  Brush  {ibid.  xvi.  41). 
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All  them  nunenlj  miij  be  repreMnted  a*  ^mpoirnds  of  a  metanlicate,  lC*^iO'  or 

U*OMO^  with  Mk  dumiiiAt^  ]I*Ai*0*  or  SM'O.XlH)",  and  water,  the  aliiiiiiiuQiii  hevag 
part.] J  replaced  hj  chromiiua,  and  to  a  greater  extent  in  kflemmer'Tire  tham  in  pyrot* 
elehteu     Calling  the  eilicate  A  and  the  alumitiat^  B, 

a,  may  be  Tepreaeoted  a«9w4-»'^+     9aq. 

5.  „  9  A   ■¥   B   -¥   I2vi, 

c,d.  ,,  6  J  +    i?   -♦-     9  aq. 

Vermieulite  ttom  Milbary,  Massacbuietta,  may  be  regnrded  as  belonging  to  the  fame 

familj,  though  it  <^o[it«iiia  do  chiomium.    It  ha^  u  grunular,  iwaly  strxictore,  and  gr«wy 

feel,  aod  is  espwially  characteiiaed  by  it«  behariour  bofor*  the  bloTrpip**,  opening  out 

into  trormlikf'  threads,  expanding  to  many  times  lis  original  bulk,  and  ultiiuately 

melting  to  a  yf^Ilowish-gr^en  gkaa.    It  i§  decomposed  by  b3^lJ^:>chIonc  acid.    Coutaina, 

acocifding  to  Croeeley  (Dmtt*  Minerafogy,  iu  292)*  3574  p*r  pput.  SiO*»  10  42 

AI'O*,  27  44  MgO,  10-92  FeO  and  10*30  water^and  may  be  represented  by  the  formubi 

8M"8iO*.S[-AlK)-.  8  aq. 

(^nierit4{\.%Z\)f  LoganiU  (iii,  732),  and  TabergiU  are  somctimea alio daaeed  with 
pyroaderite, 

y?XOSBfAS»ZTS.  A  aillcatn  of  imu  and  manganeBfl  i?ontaming  chlorine^  occnrrittg 
in  hexagrxui!  pri^^ms  or  tables  haTiug  the  priucifHit  axis  <-  0  5307t  and  exhilfiting  the* 
facea  oP,  P,  2P,  odP  CleaTage  perfect  paraU«»l  to  the  l«»<».  itnperfwt  parallel  to  oeP. 
It  alao  occurs  maaeiTe.  Hardness  ■  4 — 4-5.  Specific  gravity  -^  3  0 — 3-2,  It  haa  a 
brown  colour  and  peariy  Inutt*;  etrwik  pal^r  than  the  colour.  Fracture  uoeTcn, 
rathiT  spbnteiT;  MMnewnAt  brittle*.  When  ftrvingly  heated  before  the  blowpipe  it 
melta  to  a  blacle  slag,  attractable  by  the  mngntt,  ¥i\nen  rcAdilj  with  borax,  exnibiting 
the  reoctiona  of  iron  and  mauganeae.     Disaolrea  perfectly  in  strong  nitric  add. 

A  specimen  from  the  BjelJcey  mins  near  KofNlmarken  in  WermJand,  Sweden,  wa^ 
found  by  Hisinger  (Schw.  J.  xiii.  341  ;  xxiii,  54)  to  contain  35-85  per  cent.  StO', 
35'48  A1*0*,  24-26  Mn»0\  P21  CaO.  377  chlorine,  and  a  quantity  of  water  not  deter- 
mined. Ita  compQsitiou  may  be  repreiu'nted  appnuximately  by  the  formula 
FeT1^3(4M"0.3SiO«  ^  2  aq. ). 

PjTosmalite  occura  also  at  Nya  Kopparberg  in  Weetmaunland 

PTAOBOKmc  A.CZII,    Syn.  with  Malkic  Acio. 

WWM^UTMAMar,  Thp  name  applied  by  Bertclitui  to  the  leas  fuaible  portton  of 
the  distiHate  obtained  by  distillirig  rmpjTeumatir  oils  wifli  water,  the  more  fusible  por- 
tion being  ciiUcd  pi/rtJit'in  (Handw,  d.  CSiem.  2fo.  AuH.  ii.  [2]  418). 

VTBHSTUUTB*     Syn.  with  KssMSStTt  or  Hbd  ANTiMoifT  (iii,  448), 

YYmOTAHTA&ZC  ACXB,   CHKH  -  ^^*^'^"!o*— This  add  was  diacowed 

in  1807  by  Valentin  Rose,  nmong  the  prodncta  of  the  distilUtion  of  tartar.  It  has 
been  inTestigated  chiefly  by  Grnver  (Trnmmad  N.  J.  acxiv.  2,  55).  Pelonze  (Ann. 
Ch.  PhyaJ2]  IH.  297)*  Weniselos  (Ann,  Ch.  Pharm.  xr.  118),  Arppe  (ibid,  Ixvi^ 
73),  and  Kekiil^  (inifl.  SuppL  i.  342). 

It  ia  produced — 1.  By  the  dry  diatillation  of  tartaric  acid  : 

2C*H*0*     -     C*H»0*   +    3CO«  +   2H«0; 

2.  By  the  action  of  aodiuin«ani:ilg7im  on  itaconic  acid  or  its  leomcra,  eilrarontc  or 
meaaoonic  acid : 

C'HH)*   +   Iig"Ka'     =     Hg   +   C*fl*N»'0\ 

lucoolc  PjTToUrtrJile 

add.  ofvOrJknm. 

Thia  reaction  la  analogous  to  that  by  which  the  homologous  body  fumaric  acid,  C*H*0* 
is  conrerted  into  auccinic  idd  (ii  743), 

3o2 
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It  may  also  be  formed  from  itaconic  acid  by  conYertiog  the  latter  into  dibrc»iiO{ij- 
rotartanc  add,  and  reducing  the  latter  with  sodium -amiugam.    (Keknl^) 

8.  By  heatinff  cyanide  of  tritylene  with  alcoholic  potash,  the  action  being  analogous 
to  Uiat  by  whi(£  the  fatty  acids  are  formed  from  the  cyanides  of  the  monatomie  radi- 
cles OH^»  (Maxwell  Simpson): 

C«H«(CN)»   +   4H«0     =     2NH»  +   C«H«0\ 

Preparation, — 1.  From  Tartaric  acid.  Tartaric  mixed  with  an  eqnalwug^tof 
pounded  pumice  is  distilled  in  a  capacious  retort ;  the  distallate  is  dilated  with 
water ;  the  emp^reumatic  oil  is  remoyed  by  filtration ;  the  filtrate  ia  eyapoz«ted  to  ike 
crystallising  pomt ;  and  the  crystals  are  freed  from  adhering  oil  by  spreading  tham 
out  on  paper  under  a  bell-jar  near  a  dish  containing  alcohoL  This  process  jieldi  a 
quantity  of  pyrotartaric  acid  equal  to  7  per  cent,  of  the  tartaric  acid.  used. 

2.  From  Itaconic  acid.  Sodium-amalgam  is  added  to  aqueons  itaconic  acid,  and 
the  liquid,  decanted  from  the  separated  mercury,  is  saturated  with  hydzocdihme  add 
and  eyaporated ;  the  residue  is  treated  with  alcohol,  which  disaolTes  out  the  pyrotar- 
taric acid  and  leayes  the  greater  part  of  the  chloride  of  sodium  ;  the  alcoholic  soliitioa 
is  eyaporated  to  dryness ;  and  the  pyrotartaric  acid  is  extracted  from  the  residue  by 
ether.    (KekuU.) 

Properties. — Pyrotartaric  add  crystallises  in  colourless,  sometimes  well  developed 
prisms  with  rhombic  base  and  truncated  on  the  lateral  edges.  It  is  Tezy  soluble  in 
water,  alcohol  and  ether:  1  pt.of  it  dissolves  in  1^  jpt.  water  at  20^.  It  melts  at  112^, 
be^ns  to  boil  at  about  200°  and  then  volatilises,  bemg  partly  conyarted  into  pyrotar- 
taric anhydride  C'H'O'.     It  is  not  attacked  by  nitric  add  or  by  cold  sulphnric  add. 

A  concentrated  aqueous  solution  of  pyrotartaric  acid  does  not  produce  any  torUdity 
in  bar^a-  strontia-  or  lime-water,  or  in  solution  of  nitrate  or  neutral  acetate  of  lead ; 
but  with  basic  acetate  of  lead  it  fbrma  a  copious  white  curdy  predpitate  insoluble  in 
water,  but  very  soluble  in  the  bade  lead-acetate  and  in  excess  of  acid. 

Pyrotartrates.  Pyrotartaric  add  is  dibasic,  forming  neutral  and  add  salts,  the 
general  formulne  of  which  are : 

Neutral.  Acid. 

For  monatomic  metals  C*H«M«0«  C^H'MO* 

For  diatomic  metals  O^H'BrO*  C»»H'*M-0«  or  C»H«M-O«.C?^«0«. 

There  are  also  a  few  basic  pyrotartrates  of  di-  and  triatomio  metals.  The  add  salts 
of  the  alkali-metals  and  aUcaline-earth- metals,  obtained  by  neutralising  a  certain 
quantity  of  pyrotartaric  add  with  the  base  and  then  adding  a  quantity  of  the  add 
equal  to  the  former,  crystallise  well ;  the  soluble  neutral  salts  are  somewhat  diffiealt 
to  crystallise. 

Pyrotartrates  of  Aluminium,  Moist  hydrate  of  aluminium  dissolves  easily 
in  pyrotartaric  add,  and  the  solution  when  concentrated  yields  crystals.  A  bame  salt, 
2C»HK)*JU«0«  or  2(C'»H«'A1'"0".A1K)«).3H»0.  is  obUined  as  a  heavy  powder  by  pw- 
dpitating  a  neutral  solution  of  aluminib  chloride  with  neutral  pyrotartrate  of  sodisia, 
or  by  boiling  moist  alamina  with  a  quantity  of  the  add  not  sufficient  to  dissolve  it 

Ammonium-salts. — ^The  neutral  salt  is  deliquescent^  and  gives  off  »^nmujmi».  on 
evaporation.  The  add  salt,  0*H*(NH*)0^  forms  beautiftU  rhomboidal  prisms,  pasa- 
nent  in  the  air,  very  soluble  in  water. 

Barium-salts.^The  neutral  salt,  OH<Ba'0^.2HK),  is  a  aTstalline  povto 
formed  of  small  rhomboidal  prisms,  very  soluble  in  water,  insoluble  in  alcohoL — ^Ths 
acid  salt,  C**H*<Ba''0*.2H*0,  forms  stellate  groups  of  crystals. 

Bismuth'salt—A  solution  of  recently  predpitated  bismuth-hydrate  in  pyiotar- 
taric  add  yields  on  addition  of  water,  a  predpitate  containing  C^*W*Bi'**0*'.SBH), 

Cadmium-salts,—^  Neutral,  OH*Cd"CH.3H*0.— The  solution  of  cadmic  caiiKmate 
in  the  aqueous  add  yields,  by  concentration,  crystalline  grains  very  soluble  in  wat«r, 
insoluble  in  alcohol,  and  still  retaining  1  at.  water  at  200^. — fi.  The  add  salt  is 
obtained  by  evaporation  as  a  viscous  mass  in  which  a  few  long  needles  fana  after  a 
while. 

Caleium-salts.—a,  Neutral,  G"H*Ca''0^.2H*0.— White  pulverulent  precipitate, 
dightly  soluble  in  water,  very  soluble  in  acetic,  hydrodiloric,  and  j&nc  adds, 
insoluble  in  alcohol. — fi.  The  acid  salt,  obtained  by  evaporating  a  solution  of  the 
Mfotral  salt  in  pyrotartaric  add,  focms  crystals  containing  C*H*Ca''0*.5OHH)«.2£P0. 
(Arppe.) 

Cobalt-salt, — The  solution  of  cobalt-hydrate  in  pyrotartaric  add  deposits  on 
mtion  colourless  crystals  of  the  add  mixed  with  a  red  insoluble  salt     On  neu- 
I  the  add  liquid  with  ammonia,  a  rose-coloured  cryatalline  powder  is  fonaed 
Bsadhres  in  water,  but  is  decomposed  at  the  same  time. 
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Copp§r-9alts,—^  f^futrai,  C'n«Cu'0V2H-0.— PyroUrtnite  of  wdium  forms  wifh 
euprie  maXtB  »  bloc  prvdpifiit^  soIubJi^  in  about  250  pl«.  of  wat«r,  vcrv  Gohihle  in  AcidB 
i4Qd  «mmonlii;  it  i>*laio»  1  at.  walcr  nt  liH)^.— 5.  A  Hfic  W^.  C*]a*Cu"U*Cu 'U'0«, 
it  dcpoftitnt  in  greenish  flodci  oa  evapomting  a  tolutioii  of  tHe  ntutzftl  Milt  in  junmuuiii, 
iift<r  Addition  of  w»tet, 

tr / if « I n u m*sal t s, — FjrrotjLrtaric acidi»timt(<d with  gtucina  le&TM when  eTjiporttt(*d 
ov«r  oil  of  Titriol  A  cry»Ullioe  acid  salt,  C»HHJ''0',C*H»O*,  which  when  heated  to  180® 
ia  eontcited  into  th©  neotnil  aalt,  C*H'G"0*, 

/r^n-aa/f  4. — a.  F^rrtms  »alL — The  acid  diaeolvea  iron,  with  evoSntJon  of  hvdfogMi, 
fofmiog  a  solatioa  which  qtucUy  turoa  red*  aiid  depoeita  red  floeka  on  ad«Ltlon  of 
watar  Of  aloohoL^^.  Ferric  talt.  Ferric  chloride  forms  with  pTPotaitnta  of  todium  h 
fad  Tiaooua  pr«dpitate  containing  2C*H»CM.F*»0*.3H*0  or  C»*H»»F©**0»'^e«0*.6H-0. 

L4ad-talt,  OH*Pb"0*,2H*0,— P*»«cipitat«l  aft«»f  a  few  honrs  fruia  a  solution  of 
Ui«  potaasium-aalt  mixed  with  nitrata  or  neutml  acetate  of  lead,  in  neadlea  if  the  {«'>lti> 
tion  csonCaiDa  fk«e  add,  aa  a  powder  if  it  ia  nantraL  It  diaaolTea  in  amall  quantity  in 
boiling  watf^f  and  ia  depoaited  in  needlea  on  cooling :  diflsolvea  alao  in  nitrate  of  li^dd* 
The  aame  aalt  ia  formed  by  treatii»  carbonate  of  b-ad  with  pyrorarfaric  acid  and 
flltering  to  sepwate  a  basic  aalt  PyrotarUfie  acid  forms  a  curdy  precipitate  with 
basic  acetate  of  lead  (p.  772). 

Magnts%um-»alta. — A  solution  of  magnesia  in  pyrotartaHe  acid  evsponited  oror 
oil  of  vitriol,  leaTea  the  neatm)  salt  aa  a  gummy  Tery  fHable  tnaas,  npparently 
courjiining  0*H*Mg*O*.SH*0.  The  same  aolntton  ernporttted  to  a  Kyrup.  and  then 
mixed  with  water,  depoaita  a  crystalline  maaa  cotwisting  of  C^H*}klg'b*.6HH3.^  -The 
mdd  salt  is  gummy. 

The  mangantat'taltt  C*H'Mn*'0^3H^0,  is  obtain(?d  by  eYapontion  aa  a  gummy 
mass»  Tery  soluble  in  watar,  inaoliiblv  in  alcohol. 

The  m*rcurou$  and  mercuric  taUs  are  white  predpitatea. 

A'icX-«/.*a//*.— The  nentral  tall,  C*H*Ni'0*.2H*0,  is  obtained  by  erapoiating  the 
grc«n  solution  of  nickeUhydmte  in  the  acid,  ntdissolviug  in  atoohol,  and  again  sTapora- 
ting,  aa  a  green,  crystatltne.  spanogly  soluble  powder,  which  gives  off  ita  watar  at  200^. 
^The  acid  wit,  C*H«Ni"0«.C*HK»«.H»0.  is  obtained  aa  a  crystallina  mass  by  leaving 
th^  solution  of  the  hydrate  in  pyrotartaric  acid  to  CA'aporste  ov«r  oil  of  vitriol. 

Potas8iuni'aalt4.—'V\\t  neutral  mU,  C*H*K*0MI»0,  u,  very  soluble,  deliquescent, 
and  may  with  aom^  difficult  be  obtained  in  folLited  crystals  by  evaporating  its  sulu- 
tjon  in  a  hot  air  chamber, — The  acid  mit,  C'U^KO^  is  obtained  by  spontaneous  evapo- 
ration of  a  solution  of  the  acid  half  saturated  with  potash,  in  colourless,  oblique,  rhom- 
boMal  prisms,  permanent  in  the  air. 

The  sitver-*alt,  C*H*Ag*OV  is  a  white,  cnrdy  precipitate  which  blackens  when 
xpoaed  to  light.     By  heating  it  in  a  current  of  diy  hydrogen,  and  washing  the  prnduct 
Pith  water  to  remove  free  acid,  a  brown  powder  ia  obtained  con-^isting  of  argentons 
'pyrotartrate. 

Sodium-talts. — ^The  neutral  »alt,  C*H*Na»O^0ff*O,  forms  efSorescent  lamiuA  vaiy 
soluble  in  water,  inaolable  in  alcohol. — The  acid  muH^  C*H'NaO*,  crystallisea  witn 
difficulty  in  small  rhomboidal  prisms. 

Strontium  §alts.  — The  nt utral  salt,  C*H*Sr"0*, H*0,  forms  prisms  ^erj  sol u bis 
in  water,  insoluble  in  aleohoL— The  acid  »ait,  C*H*Sr''0«.CH'0*.2H»0,  crystalUsea  in 
nacreous  scales. 

rin-tftf/f.— Stannous  ojcide  dtasolves  easily  in  pyrotartaric  acid,  and  the  aolntaon, 
filtered  from  a  yelluw  baale  aalt^  yields  with  alcohol  a  precipitate  appafently 
containiBg  C*H'8n''O*.Sn'0. 

f/r<i«ie  aalt. —The  yellow  solution  of  nranic  hydrate  in  the  acid  deposits  on 
ex-apuration,  a  yellow  powder,  very  soluble  in  witt^^r,  insoluble  in  alcohol,  and  oon- 

uining  according  to  Arppe,  C'*tt«'U''0".lT^H«O*or  2C'H*(CK)")''0*.C»HH)».2HK), 

Zi«c**a^^*,— Thf  neutral  aalt,  C*H*Zn''0^3HK),  is  obtained  by  evaporation  as  a 

thick  syrup,  gradually  depositing  crystoIliQe  granules  which  increase  in  quantity  on 

'  "tion  of  a  amall  quantity  of  water.     It  retains  I  at,  water  at  200*^.— An  insoluble 

f  salt  \m  obtained  by  concentrating  a  solution  of  kiuc  in  pyr$>tartaric  acid  to  a  smaU 

'Ijulk  and  treating  the  re#iidue  with  wnttT. 

IMI»romofftjrotsutarlo   aold,   C'H'Br'O'. — ^This  compound   has  not  yet  been 
l^bbtainBd  aa  a  substitution-ivrodnct  of  pyrotartaric  acid,  but  is  formed  by  dir<M;t  addition 
bfOOUna  to  itaconic  ucid,  C*H*0*,     To  pr»*pare  it,  4  pts.  of  itaconic  aoid  are  shaken 
^«p  with  6  ptfl,  of  broimine  and  4  or  5  pts.  of  water.     The  reaction  coromencee  at 
ordinary  tempratures  and  ih  attended  with  evolution  of  hejtt^  but  towards  the  end  it 
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must  be  assisted  by  tbe  beat  of  a  water-bath.  The  crystalHiie  cnist  Irhich  sepcattt 
on  cooliBff,  and  the  (*rystala  obtained  by  evaporating  the  mother^liqaor,  are  puificd  by 
recrystalhsation  from  a  small  quantity  of  water. 

Dibromopyrotartaric  acid  forms  colourless  oyBtals  easily  soluble  in  water,  akohol, 

and  ether.     When  treated  with  sodium-amalgam,  it  is  converted  into  pyrotartaric 

acid.     On  adding  oxide  of  silver  to  the  aqueous  solution,  the   2   at.  bromine  are 

replaced  by  2  at.  HO,  and  an  add,  C*BPO*,  homologous  with  tartaric  acid,  is  produced : 

C*H«BrH)*  +  AgH)  +   HH)     «     2AgBr  +    C»H«0«. 

Dibromopyvotartaric  add  is  dibasic  Its  salts  have  not  been  mnch  examined.  In 
preparing  them  it  is  necessary  to  avoid  rise  of  temperature,  aa  thej  are  eaailj  decom- 
posed thereby,  with  separation  of  metallic  bromide  and  fbrmation  of  a  crjatallisable 
monobasic  acid,  called  aconic  acid,  CHK)^;  e.g.  : 

C»H«Bi»NaK)*     -     2NaBr  +   C»H*0\ 

On  boiling  a  solution  of  the  sodium-salt  and  adding  carbonate  of  aodiom  in  ancli  quaa- 
tity,  that  8  at.  sodium  shall  be  present  for  every  1  at.  of  dibromopyrotaitane  aod,  a 
solution  is  obtained  which  on  suffident  concentration,  yields  large  cryatjjline  |^tes 
ofaconate  of  sodium,  obtainable  by  slow  evaporation  from  aqueooa  aolntioo, 
in  large,  well-developed,  efflorescent  crystals  containing  C*H'Ka0^.3HK).  In  like 
manner  by  boiling  a  solution  of  barytic  dibromo-pyiotaicrate,  adding  carbonate  of 
barium  in  suffident  quantity  to  neutralise  the  reaction,  and  mixing  the  filtrate  with 
alcohol,  aconate  of  barium,  C'*H*Ba"0*,  is  precipitated  in  white  fiocks,  very 
soluble  in  water,  insoluble  in  strong  alcohol,  crystailiidng  in  needlea  from  dilute 
alcohol. 

By  treating  dtraconic  and  mesaconic  acids  which  are  isomeric  with  itaconic  add, 
with  bromine  and  water  as  above,  adds  are  produced,  isomeric  but  not  identical  with 
the  dibzomopyrotartaric  add  just  described.  The  three  isomeric  acids  may  be  distin- 
guished as  ita-,  citra-,  and  mesa-dibromopyrotartaric  acids. 

Citra-dibromopyrotartarie acid,  CiH'BrK)*,  is  much  more  soluble  than  ita- 
dibromopyrotartaric  add.  It  usually  crystallises  in  cauliflower-like  groups  of 
microscopic  needles.  When  heated  it  yidds  monobromocitraconic  anhydride, 
C»H«Br0»: 

Cm^i*0*     -     C»H«Br0»     +     H«0     +     HBr. 

Citra-dibromopyrotartaric  add  is  also  dibasic,  and  its  salts  are  readily  decomposed 
b^  boiling  with  water  or  excess  of  base,  but  in  a  totally  different  manner  from  the  ita- 
dibromopyrotartrates,  carbonic  anhydride  being  given  oSt,  and  a  aalt  of  monobromo- 
cro tonic  acid  produced:  thus, 

C*H«Br*Na«0*     «-     C*H«BrNaO«        +      NaBr      4-     CO*. 

Cttra-dibromoprro-        IIODobromocrotooate 
Urtrat«  of  sodium.  of  sodium. 

2C»H*BrH3a-0*     -     C'»H"Br»Ca''0*     +     Ca'Br*     +      200*. 
Cttro-dtbromopy  ro  •  Monobromocrotonate 

UitraU  of  calcium .  of  calchim. 

(See  CnoTONic  Acn>  in  the  Afpkidix.)  According  toCahours  (Ann.  Ch.  Phys.  [3] 
Ixvii.  137),  an  add  having  the  composition  of  dibromobutyric  add  is  ibtmed  at  tl^ 
tame  time  as  an  intermediate  product : 

0»H«Br«0*     «     C^H«Br*0«     +     CO*. 
Mesa-dibromopi/rotartaric  acid  is  much  less  soluble  than  dtra-,  but  more 
soluble  than  ita-dibromopyrotartaric  add.    It  crystallises   in  nodular  or  n>herical 
masses.  Its  salts  when  boiled  with  water  likewise  yield  bromocrotonic  add.  (KekuU, 
Ann.  Ch.  Pharm.  Suppl.  ii.  100.) 


WTWTAMTAMXO    AHTHnKIBB.    C^H«0*     »     C»H«0*.0.— Obtained  by 

distilling  the  acid  with  phosphoric  anhydride.  It  is  a  liquid  boiling  at  a  temperature 
above  800®,  insoluble  in  water,  but  gradually  converted  by  absorption  of  water  into 
pyrotartaric  add. 

WYmOTAMTJkMlC  BTHSBS.  The  only  one  known  is  the  HJ^ic  ether, 
C*H«(C«H*)*0*,  which  is  produced  by  passinff  hydrochloric  add  gas  into  an  alcohoKc 
■ohition  of  the  add.  It  is  an  aromatic  liquid  boiling  at  218®,  gradually  decomposed 
by  water. 


or  Vhenyl^yrotartrimide,  C>»H"NO«  «  ^^55?^?^. 
(Arppe,  Ann.  Ch.  Phann.  xc  138.)-  Produced  by  heating  aniline  with  pynAartarie 
•eid  to  a  temparatore  a  little  above  100^  for  about  ten  minntea.  On  ^nolviitt  the 
'iDUdified  masi  in  boiling  water,  treating  the  solution  with  animal  chartxMd,  and  Iraving 
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il  io«dPl,  jyroUrtimntl  it  deposited  u  a  palTernlunt  pradnStatc  composed  of  mkroaioowc 
nvf^Um.  it  has  nHther  inalf  nor  wraetl ;  mdte  at  68^,  snblimeB  without  d<M?oropo0ition 
(It  1 40°,  iioilj  with  pun  ml  d<*coinpoAition  at  about  300^,  It  i«  Blightij  soluble  in  boilio^ 
UTtitrr,  piiii)T»olubl«  to  a/ooho/  Mod  ftk^,  also  in  nmt^&UM  slJbalis,  bj  wliidl  wH«n  heated 
tt  is  conTert«d  jnio  pyrotartruoilip  ii<^Jd.  When  faa«d  witk  lUkol^  h^dratts^  it 
i  B  ^•9ol  v^d  into  aniline  and  p/roUrtArie  aeid.  NUrk  aeid  oonverli  it  into  |>jrotartFO' 
n  i  t  r  a  n  i  I 

tTHmffriiTC  ACXB,  or  Phmjft^yrotartnmie  ueid,  COHt'NO*     = 
(Arppe,  loc.cit.) — Produced  by  the  action  of  aailiDA  on  pjiDtartaiic 
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iinhjrdride ;  also  by  the  metiimorpbosia  of  p^t«rtninil  under  the  infln«nce  of  aqueouB 
jTkalis.  It  forms  bnlky  necKUes,  Appearing  under  the  microacope  oa  ri'Ctangalju' 
prisma  with  perp<»udi(rulur  end-fae€«.  It  is  mort'  soluble  in  ttatcr  than  pyrol^irtmnO, 
rtiitily  soluble  in  akvhol  and  etker  ;  reddens  litmus.  It  may  b^  healed  to  140*^  without 
loes  of  weight,  but  U  117°  it  stTea  oiT  w»tor  aikd  ia  oonTen^  into  pyrotartronittssiL 
It  IB  de«ompoa|Hl  by  esoeai  Otho%iaig  potagA ;  ia  not  coJooMd  by  chloride  of  lime. 

P^turtnuiilic  acid  decompoaea  cArbonstes,  but  ia  separated  from  its  own  salta  by 
iK'i-tic  acid.  The  pyrotartrantlatesof  tho  alkali-  and  alkali  ne^earth  mctahi  are  rear 
soluble  ID  water.  The  ammonium'Saitt  which  may  be  obtained  by  boiling  pyrotartnunl 
with  aqneutti ammonia,  driei  np  to  a  radiate  masa  very  soluble  in  cold  but  decompoeed 
by  hot  water.  Ita  aolution  Ktfma  Ablniah-green  precipitate  with  eapHo  gulpkiUt, 
m-hit*-  with  mercuric  chtondt^  jrellowiah-red  with  frrric  ehltrridt^.  The  Uai^niif 
C**Il'*rb"(C*H*)'N*0*,  forma  a  while  preuipttnte  becoming  glutinoua  on  ebnUition. 

(C*H»0^)*|  jj,  (Arppe*  Ann.  Ch.  Phann.  Imvii.  228.)— Produced  by  heating  acid 
pyrotartrAte  of  ammoninm : 

C'H\NH*)0*     -     2HK)     -     C*H^VO», 

The  solidified  distillate  is  purified  by  preaeure  and  feerysCalUaation  from  a  small  quails 
titv  of  water 

ryrotartrimid^  forms  small  needles  or  heiagooal  plates,  belonging  to  the  trimetric 
systt'm»  and  exljibiting  the  oombination  oP  .  »Foo  .  go  P.  Angte  oeP  :  »P  »*  92* 
3(/ ;  ccV  :  <xP»  -  133^.  Clpavage  pftmllel  to  ooP  and  oP.  It  is  anhydrous 
Very  »(>luble  in  witter*  aloobol^  ether,  aeid^  and  olknlis ;  has  a  cooling,  slightly  bitteiv 
and  Hour  taste :  ita  aqaeona  solution  rt'ddeu^  litTuus,  bnt  it  does  not,  combine  with 
timmonia.  It  melta  at  66*^,  and  solidifies  on  cooling,  in  a  radiate  mass,  unctuous  to 
the  touch,  and  baTing  a  foliated  fracture.  It  begins  to  voUtilise  at  in^^,  but  does  not 
Kill  till  hfvted  to  about  28a^»  at  which  temperature  it  suffers  partial  decomposition. 
\N  Urn  boiled  with  stroas  potagh-fet/^  it  gives  off  ammonia^  Its  solution  forms  with 
arid§  ^iiad,  a  strongly  alkaline  compound  which  contAins  67 '23  per  cent.  PbO  and  d'47 
wnter*  dries  up  to  a  gummy  maaBf  aiMi  ia  partly  deoomposed  by  water.  The  solution 
of  this  lead'compound  attacks  the  paper  through  which  it  ia  filtered,  rendering  it 
v^^iHlfi  and  g»*Iatiuou8, 

WYnaTAMTnomrrmAM^MH  C>iH'«KK}*  or  yitr&phentfUpp-oiaririmids  * 
t'Jl*fNO*^{^"  ^'^''PP*»  ^^'  ^^^' — P*^P»*ftt<^  tj  water  fewn  &  solution  of  pytotar- 
tmnil  in  very  strong  nitric  acid,  as  an  oil  which  gradually  solidifies,  and  crygtnlliaea 
from  boifinff  alcohol  in  spherical  groups  of  crvatAla,  It  melt«  at  15A^  and  if  cautiously 
heated  eolimfies  without  decompoeition.  It  is  nearly  insoluble  in  mxtfr^  but  dissotrea 
MiS'ily  in  afcoh&i  and  in  eiker.  Boiling  aqti'^oue  ammonia  converte  it  into  pypotartro- 
nitnnilic  add.  FtJttd  olkoli*  determine  the  same  tranaformAtion,  piut  of  the 
pyrotiulrunilic  aoid  being  howfvor  resolved  by  tht;  further  action  of  the  alkmli  into 
pypotartaric  acid  and  3-nitraniline  (see  FttKmaAJirNXB,  p.  445). 

YTHOTARTKOirxTXiLVXILXO    ACX]k«  or    Iiitropk€nyl*p^ot4irtraime    aci4^ 

introduced  into  a  slightly  dilutinl  and  boiling  solution  of  sodio  carbonAte,  a  yellow 
liquid  is  obtAined,  which,  on  cooling,  d^poyitx  ^vellow  crystals  of  /i-nitranillne,  whilst 
pyrot4irtTonitranilate  of  sodium  remaiua  tn  solution  ;  and  on  adding  nitric  add  to  the 

|l&itered  liquid,  p^notartranilie  aidd  sepamtea  in  yeJlowiah  Hake^^  which  may  be  ponfied 

r|>y  recrystiillisation. 

Pyrotartronitraiiilic  aeid  is  Tery  sli^tty  aolubls  in  water,  bnt  disaohts  easiJjr  in 


(Arppe,    loc.   eii.)~-When   pyrotartronitranil  k 
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ind  etSier,  and  is  deposited  from  a  saturated  solatkm  in  mieroaoope  A/mik 
of  120^.    It  melU  at  a  little  above  IdO''.     It  is  a  Ytry  feeUe  add,  hta% 


alcohol  and  < 

oystals 

•<9ftroel7  able  to  deoompoee  carbonates. 

The  pyrotartronitranilates  are  nnsteble  salts  dificnlt  to  dystalliM.     Thestftwrisft; 
C"H*ii^NK)*,  is  precipitated  in  white  flocks. 

VTmOTBCnnnr.    See  Richardson  and  Watts's  Chemical  Teeknoioffy,  i.  [4],  651— 
611 ;  also  Ure*s  Dictionary  of  Arts ^  Sec,  iii. 

VTSOraKBBSC  AOZB.    C^»«0«  -r  ^*^|0.     PyratcrebUic  add,     Bmu- 

ierebimaure. — This  acid,  belonging  to  the  acrylic  series,  C*B[*-"0*    and  metaBsne 
with  ethyl-crotODic  add  (p.  278),  was  disooTered  by  Rabonrdin  (J.  Ph«rm.  [I]  n, 
196X  and  has  been  further  examined  by  Chant ard  (ibid.  xzriiL  192).     Itwpfoteed 
by  &e  dry  distillation  of  terebic  add  and  purified  by  repeated  rectificatioii : 
CWO*     -     C0»    +    CTI'»0«. 

It  is  a  liquid  boiling  at  210^,  and  smelling  of  bu^ric  acid.  It  diaaolres  in  2d  nla  fif 
water,  and  is  easily  soluble  in  alcohol  and  ether.  When  gradaaUj  dropped  into 
melting  hydrate  of  potassium,  it  is  resolyed,  with  evolution  of  hydragMi,  into  aeeCie 
and  butyric  adds : 

0»H»»0«  +  2HK)     =     C«H*0«  +  C*H^«   +  H« 
PyrotertbaU  of  silver,  C«H*AgO*,  crystallises  with  difBeuky,    and   blM^ens  ca 
exposure  to  light,  especially  when  moist 

t  ACnOft.    Syn.  with  Ctanvbic  Aoid. 
Syn.  with  XTLoiDnr. 

Ebktnin,  A  yellow  crystalline  sabstance  pfrodneed  by 
the  action  of  potash  on  one  of  the  substances  contained  in  heavy  oil  of  wood-tar 
(Volckel).  It  is  contained  in  crude  wood-spirit,  as  first  observed  bj  Scanlan,  and 
may  be  separated  therefrom,  according  to  Gregory  (Ann.  Ch.  Phann.  xxi,  143),  by 
distilling  tne  li(;^uid,  collecting  about  16  per  cent,  saturating  the  distillate  with  slaked 
lime,  and  redistilling.  The  rendue,  containing  the  excess  of  lime  employed,  acetate  of 
calcium,  a  brownish  resin,  and  pyroxanthin,  is  treated  with  dilota  hydrochloric  add, 
and  the  insoluble  portion  is  digested  in  boiUnff  alcohol,  which  diaaolyes  the  resinoas 
matter  first ;  the  pyroxanthin  is  found  in  the  last  alcoholic  deooetioBa. 

FVroxanthin  cirstallises  in  long  yellow  needles,  inodorous,  insolnble  in  water, 
soluble  with  aid  of  heat  in  alcohol,  ether,  and  acetic  add,  nearly  insoluble  in  amnwwia 
and  in  boiling  potash.  It  melts  at  144^  When  heated  in  a  tube  closed  at  one  cod, 
it  does  not  volatilise  without  decomposition ;  but  if  heated  in  a  current  of  air,  it  sublimes 
at  134^.  Gregory  found  in  it  74'8  per  cent  carbon  and  5*6  hydrogen,  numbers  agreeii^ 
nearly  with  the  formula  OHH)*,  which  requires  76  carbon,  6  hydiogoi,  and  20 
oxyygen. 

^rroxanthin  dissolves  with  denp  red  colour  in  strong  sulphuric  and  in  fiuaiog 
hydrochloric  add ;  water  predpitates  it  from  the  solution  in  a  partly  altered  state. 
Strong  nitric  add  attacks  it  violently,  converting  it  into  oxalic  add  and  a  nitio- 
corapound.  Chlorine,  with  aid  of  heat,  converts  it  into  a  brown  resonons  sabstaDee^ 
with  disengagement  of  hydrochloric  add. 

WYMMTLAMTUOOWM.  The  constituent  of  wood-tar,  from  whioh  pjroxaathin 
is  supposed  to  be  formed. 

FTMOMWB.  A  name  sometimes  ui>ed  as  synonymous  with  augite  to  denote  the 
mineral  species  (i.  276),  but  more  commonly  restricted  to  certain  varietifla  havii^  a 
green  or  greyish-green  colour.     (Dana,  ii.  168.) 

>¥llOX  B  M  ITa.    A  rock  consisting  of  felspar  and  lamellar  pyroxana. 

VTSOZnxnr.  Gun-cotton;  Coton  fulminant  ;  Coton-jxntdre  ;  l\mdre-coton ; 
Fulmircoton,  SchiesshaumwoUe ;  explodirmde  BaumtooUr. — These  names  az«  applied 
to  certain  explosive  substances  produced  by  the  action  of  fuming  nitric  add,  or  of  a 
mixture  of  nitric  and  sulphuric  adds,  on  cotton  wooL  Scnonbein,  in  1846, 
announced  the  discovery  of  an  explosive  cotton-wool  applicable  as  a  substitute  Ibr 
gunpowder,  but  his  moae  of  preparation  was  at  first  kept  secret ;  and  soon  afterwards 
the  method  of  producing  the  explosive  compotmd  by  treating  cotton-wool  with  strong 
nitric  acid  was  discovered  independently  by  Bottger  snd  Otto,  and  publiahed 
by  the  latter  (Au^burg,  Allg.  Zeitung,  Oct.'  6,  1846  ;  J.  pr.  Chem.  xi  198).  Knop 
(Oompt  rend.  xxiu.  808)  soon  afterwu^  introduced  the  more  advantageoos  method 
of  treating  the  cotton-wool  with  a  mixture  of  strong  nitric  and  sulphnrio  adds.  The 
ehsodeal  eompoaition  and  properties  of  pyroxylin  have  been  made  tlia  subject  of 
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nomerooB  re8«APch«t  bj  Bottger,  P«1otiie«  Faj«!i»  Peli^ot,  Tan  Eerckliod; 
So  brer  o,  Bechamp,  and  other*  on  the  continctit,  and  in  tliifl  conntiybj  Porr«tt> 
Ransom,  Cmm,  Glad  At  one,  and  Hadow,  ( For  a  complete  list  of  memoin  relating 
to  it>  down  to  1  B62t  aee  OmeHn'i  HandAook.TV,  168,)  From  ita  fLrtt  disoovery,  also, 
numcrotw  escpsrimenta  w<^r^  mode  on  it«  appUcabilitj  to  military  and  mining  opozmtiona 
a«  a  aubatitnte  for  ffonpowder,  orer  which  it  poaieuM  tlt«  gr«at  advantage  of  burning 
without  arooke,  and  le*Tlng  no  reaidue  to  fuul  tb»  gttli ;  and  its  preparation  was  aoon 
commenced  on  a  lai^  9enh ;  but  the  oceurrenoe  of  aoTeml  serere  and  unexplained 
aoridrnta  during  tba  mannfartnrp,  art  ended  with  great  lota  of  Ufi^  eauaed  it  to  be 
ragarded  aa  too  dangarona  and  unmanageable  foi"  militaEj  purpoaaa.  and  acoordinglj 
its  manafucture  waa  for  a  wliile  nedHj  given  np.  Within  tha  last  few  years,  howerer^ 
the  attcfmptfi  to  make  use  of  gun>cotton  aa  a  luhstitnte  for  gunpowder  hare  been 
f^newed,  and  brought  to  a  sacci^Birful  i«me  chiefly  by  the  in?estigationa  of  General 
Ton  Li*nk,  an  Austrian  officer  of  artiUery,  who  naa  diecorered  the  cause  of  prfl\ioua 
failurt^,  gn&dually  pcrfect4i>d  the  process  of  manufacture,  and  inatituted,  under  the 
uuicpieea  of  the  Austrian  government^  an  elaborate  series  of  experimenta  on  the 
In-at  nirthods  of  applying  it  to  guuni^ry, 

Cutton  treated  with  a  mixton*  of  nitric  and  sulphuric  actda,  yields  a  number  of  pro- 
dneta  which  may  be  regarded  as  cellulose,  C*H '•(>*,  in  which  the  hydrogen  is  more  or 
lesa  replactnl  by  nitric  peroxide,  NO*,  the  degree  of  nitration  Tsrying  according  to  the 
mode  of  prepamtion.  The  different  compounds  havt-  difTvrent  degreea  of  stability  and 
are  rariously  affected  by  solrents.  According  to  Hadow  (Cl^jm,  Boc.  Qu.  S,  r\u 
JOl),  the  three  principal  products  are  : 

m,  C»*H*'(NO*)*0'»  or  C*H'(NCH)'0\  insoluble  in  a  mixture  of  ether  and  alcohol ; 
but  soluble  in  ethylic  acetait^.  It  h  produced  by  repeat <^  immersion  of  cotton- 
wool in  a  mixture  of  2  at,  nitric  acid,  HNO*.  2  at.  oil  of  vitriol,  H'SO*,  and  3  at 
water. 

^.  C'»H**(NO*f  0",  soluble  in  ether-alcohol,  insoluble  in  glacial  acetic  add.  Pro- 
duced when  the  acid  mixture  contains  f  at.  mofe  water  than  in  cu 

y,  G*'H*^NO*)'0"  (Gladstone's  cottmi-jcyMdm),  soluble  in  eth^r  and  in  glacial 
acetic  acid.     Prodnced  when  the  add  mixture  contains  1  at,  more  water  than  in  a. 

The  term  "  pyKixylin  ^  is  aom«timee  applied  aspedally  to  the  more  highly  nitrat^nl 
compounds  ;  but  it  is  much  better  to  use  tnia  tterm  aa  a  generic  name  for  all  the  subati* 
tution -com pounds  farmed  by  the  action  of  nitric  acid  on  cellulose,  and  to  designate  aa 
"  gun-cotton  "  the  most  highly  nitrat»l  compound,  tr  in  i  trocel  lulosc,  C*H'(NO*)*0\ 
which  is  the  only  one  adaprt^  for  mw  in  ^nneir. 

The  lower  eompounda,  which  are  solnble  in  alcohol  and  etherj  are  used  for  the  pns- 
poration  of  collodion  (i*  108d}« 

Gun-eoiton.    C*H^{NO»)*0*. 

Wh^n  ootton-wool  is  immersed  in  a  mixture  of  strong  nitric  and  sulphuric  acids, 
Hulretitution  taken  place  immediately,  and  the  product  has  only  to  bo  freed  from  ad- 
hering add  by  washing  with  water  and  then  driao.  But  in  order  to  insure  the  uniform 
pn^liiction  of  the  moat  highly  nitrated  ocmnpoitzid.  Link  adopts  aoTeral  prec&ntionfs 
th(^  tno«t  important  of  which  ue : 

1.  The  cleansing  and  pecflMi  dejiflfliHon  of  the  cotton  preTioosly  to  its  immersion  in 
the  mixed  acids. 

2.  The  employment  of  the  strongest  acids  pfoeurable  in  ooromefce. 

3.  The  steeping  of  the  cotton  in  a  fresh  sTmog  mixture  of  adds  after  the  first  im* 
meraion  and  partial  conrerston  into  gun-cotton. 

4.  The  continuance  of  the  steeping  for  forty-eight  bonn, 

6.  The  thorough  puriflcatioQ  of  the  gun-cotton  thua  produced  from  eraij  trace  of 
fr^es  add,  by  waabiug  thii  product-  in  a  siream  of  water  for  several  weeks ;  snbaequently 
a  weak  solution  of  potash  may  be  u»ed,  but  this  is  not  eescntiaJ. 

The  prolonged  application  of  these  processes  is  abtK>luteIy  necessary  to  eoanre  I  ho 
thorough  nitration  of  the  cotton  and  the  subsoquent  purification  of  the  product ;  fur 

kch  cotton-fibre  is  a  long  narrow  tube,  often  twisted  and  even  doubled  np,  and  the 

dd  has  first  to  penetrate  to  the  inmost  depths  of  thoao  tubea  and  allcrwards  to  bo 

naked  out  of  them :  hence  the  necessity  of  time. 

Sometimes,  to  render  tho  gun-cotton  less  explosive,  and  to  remorv  the  last  lingering 
Etmces  of  free  add,  it  is  impregnated  with  a  solution  of  silicate  of  sodium  (soluble 
I  Mass),  which  is  fbrtad  into  it  by  means  of  a  centrifugal  machiney  having  a  centml  tube 
IS}r  auppl}nng  the  solution.  It  is  then  dried  hv  exposure  to  the  air,  whereby  carbuuale 
[of  sodium  is  formod,  and  silicA  separated^  and  the  carbonate  of  aodinm  is  aHerwartU 
^Washed  out  with  wat4.T,  while  the  silica  remains  attached  to  the  fibres. 

Sometimes,  agnin,  to  render  the  fibroa  soft  and  diminish  the  danger  of  exploaiou  from 
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violent  friction,  the  gun-cotton,  after  being  treated  with  soluble  glass,  is  immened  in  a 
soap-ley,  the  excess  of  which  is  then  squeeeed  ont,  and  the  gun-cotton  finally  dried. 

For  details  of  the  A.ustrian  process,  and  of  experiments  on  the  preparation  of  gun- 
cotton  at  the  Royal  Gunpowder  Works  at  Walt  ham  Abb*»y,  see  the  article  "Gun- 
cotton"  by  Dr.  Gladstone  in  Kichardson  and  Watts's  Chemical  Technology,  i.  [4] 
487 — 600.  Gun-cotton  is  now  prepared  on  a  large  scale  by  a  process  essentially  the 
same  as  that  of  Lenk,  at  the  manufactory  of  Messrs.  Prentice  at  Stowmarket. 

Gun-cotton  prepared  by  the  process  just  described  retains  the  external  properties  of 
cotton-wool,  but  is  somewhat  harsher  to  the  touch,  unless  it  has  been  soaped.  It  has 
neither  taste  nor  smell,  and  is  neutral  to  moistened  litmus-paper.  By  friction  it 
becomes  more  strongly  electric  than  cat* s  skin ;  it  crackles,  yields  sparks,  and  is  phos- 
phorescent in  the  dark  (Gaiffe,  Compt.  rend.  xxiv.  88).  Its  fibres  seen  under  the 
microscope  by  polarised  light,  exhibit  very  little  brightness,  and  scarcely  any  play  of 
colours,  whereas  the  fibres  of  ordinary  cotton-wool  appear  bright  and  show  a  fine  play 
of  colours  even  in  the  dimmest  light.    (Kindt,  Pogg.  Ann.  Ixx.  168.) 

The  following  analyses  of  Lenk's  gun-cotton,  the  fi^t  made  in  the  laboratory  of  the 
Imperial  Engineers'  Committee,  the  second  in  the  Umrersity  laboratory  at  Vienna, 
show  that  it  consists  of  trinitrocellulose,  C«H'(NO«)"0*. 

Juafyus, 

Calcmlatkm,  r- "  \ 

C«   .  72         24-3         261         244         24-4        289 

H'  .         .         .  7  23  30  2  7  26  24 

N»  .  42         141 

0»»  .         .         .       176         69-3 

"297       100^ 

Oun-cotton  is  insoluble  in  water,  and  perfectly  unaffected  by  long  soaking  in  that 
liquid.  It  usually  absorbs  about  2  per  cent  of  hygroncopic  moisture,  any  excess  that 
it  may  absorb  under  peculiar  atmospheric  conditions  being  speedily  given  off  when  the 
air  returns  to  its  ordinary  state  of  dryness.  It  is  insoluble  aUo  iu  alcohol,  ether, 
and  glacial  acetic  acid. 

Gun-cotton  is  not  affected  by  dilute  acids  or  alkalis;  but  nitric  acid  of  specific 
gravity  1-45  attacks  it,  producing  a  lower  substitution-product  which  weighs  only  fths 
of  the  original  trinitrocellulose.  Strong  sulphuric  acid  dissolves  it  with  some  difficulty, 
und  the  solution  does  not  turn  black  even  whon  heated  to  a  high  temperature,  though 
it  then  gives  off  carbonic  anhydride  and  nitric  oxide. 

Strong  poiash-lei/  dissolves  gun-cotton  rapidly,  especially  if  heated  to  about  70**, 
with  formation  of  ammonia,  nitrous  acid,  oxalic  acid,  and  other  acids.  The  alkaline 
solution  reduces  an  amraoniacal  solution  of  silver,  and  has  in  fact  been  used  for 
silvering  mirrors. 

A  solution  of  potasne  sulphydrate,  especially  if  mixed  with  alcohol,  reproduces  the 
original  cotton,  with  formation  of  potassic  nitrate  and  a  little  ammonia. — Ferrovs 
eulphnte  exerts  a  similar  reducing  action,  likewise  reproducing  the  ori^nal  cotton 
(Be champ).  Gun-cotton  placed  in  contact  with  srdphvric  acid  and  metallic  mtreuiy, 
gives  off  all  its  nitrogen  in  the  form  of  nitric  oxide.  On  account  of  these  last  three 
reactions,  ^;un-ootton  is  regarded  by  B^cliamp,  Pelouze,  Crum,  and  other  chemists,  as 
analogous  m  constitution  to  a  nitric  ether,  rather  than  to  ^uch  compounds  as  nitro- 
l>enzene,  nitrobensoic  acid,  &c.,  inasmuch  as  the  latter,  when  trf>ated  with  reducing 
agents,  are  converted  into  other  compounds  containing  nitrogen,  whereas  gun-cotton, 
like  the  nitric  ethers  and  nitrates  in  general,  is  deprived  by  these  reagents  of  the  whole 
of  its  nitrogen,  and  in  some  cases  reconverted  into  the  original  cotton-wool. 

Gun-cotton  is  a  remarkably  stable  substance,  but  nevertheless  appears  under  eertsin 
circumstances  to  undergo  a  slow  spontaneous  decomposition.  It  has  been  stored  in 
Austria  for  twelve  years  in  wooden  boxes  without  exhibiting  any  si^  of  alteration ;  and 
some  that  was  taken  to  Italy  in  1859,  and  thrown  aside  where  it  was  exposed  for  a 
long  time  to  a  hot  sun  in  black  boxes,  was  afterwards  found  unaltered.  Some  varieties 
of  gun-cotton,  however,  when  enclosed  together  with  litmus-papcr  in  a  tube,  exhibit  an 
acid  reaction  even  at  ordinary  temperatures.  The  more  completely  the  free  acid  has 
been  removed,  the  less  does  the  gun-cotton  appear  to  be  liable  to  spontaneous  decom- 
position either  slow  or  sudden;  and  in  this,  according  to  some  authorities,  eonsists  the 
advantage  of  washing  the  gun-cotton  with  an  alkaline  solution  or  impregnating  it  with 
soluble  glass.  (See  Gmelin's  Handbooky  xv.  175  ;  Chemical  Technology,  i.  [4]  600  ;  also 
Melsens,  BulL  Soc.  Chim.  1865,  i.  35.) 

Gun-cotton  prepared  by  Lenk*s  process  is  not  liable  to  explosion  by  percussion  ;  it 
may  detonate  between  iron  and  iron  if  a  heavy  blow  be  struck,  but  only  that  part 
c-xpludos  which  was  hit,  without  ccuimuuicuting  ignition  to  the  surrounding  particles. 
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If  A  hflftvy  blow  be  ttmek  oq  gun-cotton  with  mtx  kon  hammer  apoa  bronxo  or  uny 
otb«r  companitiTelj  soft  metal,  or  opoii  ft1uii«p  do  detonation  t^m  phuce.  Otto  found, 
on  the  other  b&nd,  ih&t  pyroxylin  prepared  with  mttic  acidalon*?,  explodes  likt^  folmi- 
ntting  ni«*nniT7  when  slnick  with  a  bammer. 

The  tenipemtTire  af  whieb  gun-cotton  explod<«  haa  been  very  aocamtelj  dctenninnd 
by  Baron  Von  Ebncr,  who  ftxca  the  low^t  tcjnpeniture  at  13^  C.  (277°  Fahrenbeit); 
btit  the  beat  reqnired  is  usually  stated  to  be  greater  than  this.  According  to  MeUeoa 
Kun-cottoD  which  hcis  bf^en  washed  withs^jda  and  retain*  aamalj  qiymtityof  the  alkali, 
ao<^  nut  explode  till  heated  to  IBO^,  anil  fiimihiT  obaerrationa  hare  been  made  by 
Fayen^  Pelonie,  Piol>ert,  Van  K*»fckboff  iind  otbere. 

On  explosion,  gun-coltoit  iti  altncmt  entirely  roaolved  into  gaafni,  Imring  only  at>nut  1 
per  cent  of  natoml  miRiral  c^xi^tttuenLii,  the  small  amount  of  ailicm,  if  it  liaA  l>c«n  sili- 
ca ted^  and  possibly  a  truce  of  earlx^n. 

Lieutenant  von  Karolyi  i^PhiL  Mof^,  [4]  ixvL  272)  baa  fully  inveatigated  the 
products  of  the  combustion  of  ^uu- cotton  and  gunpowder,  under  circumatanfiee  anolo- 
goua  to  those  which  occur  in  practice.  Tn  fits  first  experimoots,  b«  ^xplodad  the 
gitii>*eotion  in  a  Torricellijkn  Tucuum,  made  in  a  eudiometer  about  a  m^tre  in  length, 
acrosa  which  was  drawn  a  veiy  thin  pladnnm  wife,  that  ootdd  be  ignited  by  a  gal* 
▼anic  battery.  Tho  gaaea  wera  analysed  in  the  lumsl  maiuier,  with  the  blowing 
results: 

Bs  vtiiumn.  Bf  walfilt. 

CsrbooiQ  oxide 2h'56  S8'99 

Caiboftie  anh^drtde 1911  30'4S 

Manhgiki 1117  0  47 

Nitrii:  oxide 8  83  9*6» 

Nitrogen 8'5«  8  71 

Carbon 185  1*60 

Aqueous  vapour *         21'93  14*23 

lOO'OO  100-00 

It  was  foimd  that,  on  exploding  a  somewhat  larger  quaniity  of  g:n]i-<y}tton  ond^  the 
■une  etrcnmstancea,  when  therefore  the  combnstion  tAkea  place  under  eomparattTely 
grater  pressure,  the  proportional  qtiantitiee  of  the  products  change,  and  the  quantity 
of  nitric  oxide  diminish^*).  Hence  the  deoxidation  of  the  nitrogen^eompounds  during 
the  combustion  takes  pWc  more  completely,  tho  greater  the  work  which  tbe  gun-cotton 
has  to  perform  while  exploding.  This  cifcumitanee  soggested  to  Karolyi  the  idea  of 
exposing  the  gnn-eotton  during  its  combtuitioii  to  a  resistance  so  regulated  that  it  just 
gives  way  at  the  moment  when  the  gun-cotton  is  completely  burnt.  He  therefore 
placed  aTCSsel  filled  with  gun-cotton,  which  offered  the  necesaazy  resistance,  in  a  sixty- 
pound  mortar,  which  was  then  exhaust('»l,  and  the  gun-cotton  was  exploded  by  a  thtn 
pliitin  urn -wire  beat^sl  to  redness  by  the  electric  corrent.  An  analysis  of  the  gaaes  pR>- 
duccd  under  these  ciranmstaiioes  gave  the  following  numbers : 

Bj  irolllflM.  By  Hf*-kf*lt. 

Carbonic  oxido 28'95  2997 

Carbonic  anhydride  ,,..,,  20  82  UB^ 

Marsh  gas 7*21  4  28 

Hydfogen 3  10  024 

Nitrogen,                 12  67  13*10 

Carbon    ........  182  1-62 

Aqueous  rapour 25*34  10-87 

lOO'OO  100-00 

It  will  be  obserred  that  in  this  latter  case,  which  is  analogous  to  what  takea  place 
in  praclice,  no  nitric  oxide  is  formed,  but  a  certain  amount  of  hydrogen,  and  a  larger 
proportioii  of  nitrogen  and  aqueous  vapour.  When  i^xpl*3dea  in  this  mannert  10 
gmmmes  of  gun*oottoit  was  found  to  yield  57 '40  cubic  centimetres  of  gas^  at  0°  C.  and 
1  metre  pressure.  These  ^isea  are  combustible,  on  account  of  the  large  quantity  of 
carbonic  oxide  they  contain. 

For  the  residts  obtained  by  Karolyi  &om  gunpowder  burnt  in  a  similar  mannet,  mo 
ii.  968,  959. 

Abel  (Proc,  Boy.  Soc.  xiii.  204)  has  made  a  series  of  ingoniooa  experiments  on  tho 
combufitirjn  of  gun-cotton.  He  flndj  that  when  quantities  of  gun-cotton.  Tarying  from 
one  to  two  f^ins,  in  the  form  of  a  loose  twist  laid  double,  are  ignited  by  means  of  a 
platinum  wire  in  highly  rarefled  atmospherea,  they  bum  very  slowly,  presenting  by 
daylight  an  appearance  na  if  they  smouldered.  The  press uru  in  the  case  described 
must  not  axLeed  8  inches  of  mercury ;  but  the  rarefaction  necessary  for  the  rtsnlt 
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varies  with  the  quantity  of  gun-cotton,  its  mechanical  condition,  its  position  with  refer- 
ence to  the  sourceof  heat,  the  quantity  of  heat  applied,  and  the  duration  of  its  application. 

Gun-cotton,  when  ignited  in  small  quantities  in  rarefied  atmospheres,  may  exhibit, 
during  its  combustion,  three  distinct  luminous  phenomena.  In  the  most  highly  rare- 
fied atmospheres,  the  only  indication  of  combustion  is  a  beautiful  green  glow,  or  phos- 
phorescence, which  surrounds  the  extremity  of  the  gun-cotton  as  it  is  slowly  trans- 
formed into  gases  or  vapours.  When  the  pressure  of  the  atmosphere  is  increased  to 
one  inch  (with  the  proportion  of  gun  cotton  indicated),  a  faint  yellow  fiame  appears  at 
a  short  distance  from  the  point  of  decomposition ;  and  as  the  pressure  is  increased, 
this  pale  yellow  fiame  increases  in  size,  and  eventually  appears  quite  to  obliterate  the 
green  light.  Lsstly,  when  the  pressure  of  the  atmosphere  and  consequent  proportion 
of  the  oxygen  in  the  confined  space  is  considerable,  the  cotton  burns  with  the  ordinary 
bright  yellow  fiame.  There  can  be  no  doubt  that  this  final  result  is  due  to  the  almo^ 
instantaneous  secondary  combustion,  in  the  air  supplied,  of  the  infiammable  gases 
evolved  by  the  explosion  of  the  gun-cotton.  The  pale  yellow  flame  will  take  pl^  in 
rarefied  nitrogen. 

In  a  series  of  experiments  made  under  gradually  diminished  pressures,  oxygen  being 
used  instead  of  air,  it  was  found  that  the  gun-cotton  exploded  mst&ntaneously,  with  a 
bright  flash,  until  the  pressure  was  reduced  to  1'2  inch  ;  from  this  pressure  to  that  of 
0*8  inch  it  still  burned  with  a  flash,  but  not  instantaneously ;  and  at  pressures  below 
0*8  inch  it  no  longer  burned  with  a  bright  flash,  but  exhibited  the  comparatively  slow 
combustion,  accompanied  by  the  pale  yellow  fiame.  In  atmospheres  of  carbonic 
anhydride,  carbonic  oxide,  hydrogen,  and  coal-gns,  this  pale  yellow  fiame  is  seen  as  in 
nitrogen  ;  but  the  two  latter  gases  have  a  great  tendency  to  extinguish  the  combustion, 
doubUdss  on  account  of  their  high  cooling  powers  by  convection. 

The  slow  kind  of  combustion  of  gun-cotton,  in  the  form  of  twi^t,  may  be  obtained 
also  in  a  powerful  current  of  atmospheric  air,  if  the  thread  of  cotton  be  placed  in  a 
somewhat  narrow  glass  tube.  Indeed,  it  was  found  that  i^  even  for  the  briefest  space 
of  time,  the  gases  resulting  from  the  first  action  of  heat  on  gim -cotton  upon  its  ignition 
in  open  air  are  impeded  from  completely  enveloping  the  burning  extremity  of  the  gun- 
cotton  twist,  their  ignition  is  prevented,  and  the  gun-cotton  continues  to  bum  in 
the  slow  and  imperfect  manner,  undergoing  a  transformation  similar  in  character  to 
destructive  diitulation.  By  proper  arrangements,  these  gases  may  be  burnt  at  the 
mouth  of  a  tube  while  the  gun-cotton  is  burning  in  the  interior.  There  is  little  doubt 
that  these  products  of  decomposition  vary  as  greatly  as  the  phenomena  themselves : 
thus,  in  the  instances  of  the  most  imperfect  metamorphosis  of  gun-cotton,  the  products 
included  a  considerable  proportion  of  a  white  vapour,  slowly  dissolved  by  water,  as 
also  small  quantities  of  nitrous  acid,  and  a  very  large  proportion  of  nitric  oxide ; 
cyanogen,  too,  is  always  found.  This  contrasts  greatly  with  the  simpler  products  of 
decomposition  found  by  Karoiyi  when  the  gun-cotton  was  exploded  under  the  pressure 
of  a  confijied  space. 

Abel  considers  that  the  remarkable  facility  with  which  the  combustion  of  enn- 
cotton  in  air  or  other  sases  may  be  modified,  might  be  taken  advantage  of  to  produce 
a  variety  of  mechanical  effects ;  and  he  states,  that  by  enclosins  in  suitable  cases  solid 
cords  made  up  of  two  or  more  strands  of  gun-cotton,  more  oir less  compactly  twisted, 
he  has  succeeded  in  producing  fuses  and  slow-matches,  the  time  of  burning  of  which 
may  be  accurately  regulated. 

Practical  Appfication  to  Gunnery. — Gun-cotton  is  used  for  artillery  in  the  form  of 
thread  or  spun-yam.  In  this  simple  form  it  will  conduct  combustion  slowly  in  the 
open  air  at  the  rate  of  not  more  than  1  foot  per  second.  This  thread  is  woven  into  a 
texture  or  circular  web.  These  webs  are  made  of  various  diameters;  and  from  them 
common  rifie  cartridges  are  made,  merely  by  cutting  them  into  the  proper  lengths, 
and  enclosing  them  in  stifiT  cylinders  of  pasteboard,  which  form  the  cartridge.  In  this 
shape  its  combustion  in  the  open  air  takes  place  at  a  speed  of  10  feet  per  second. 

The  gun-cotton  yam  is  used  directly  to  form  cartridges  for  large  guns,  by  being 
wound  round  a  boobin,  so  as  to  form  a  spindle  like  that  used  in  spinning  mflls.  The 
bobbin  is  a  hollow  tube  of  paper  or  wood.  The  object  of  the  wooden  rod  is  to 
secure  in  all  cases  the  necessary  length  of  chamber  required  for  the  most  effective 
explosion.     (For  figures  see  Chemical  Technology,  i.  [4]  606.) 

ftactically,  gun-cotton  is  most  effective  in  guns  when  used  as  |  to  J  weight  of  powder, 
and  occupying  a  space  of  j^ths  of  the  length  of  the  powder-cartridge,  and  of  such  density 
that  1 1  lbs.  occupy  a  cuoic  foot 

Lenk's  gun-cotton,  when  used  as  a  substitute  for  powder,  is  found  to  possess  the  fol- 
lowing advantages :  1.  Greater  safety  during  the  manufiicture. — 2.  The  possibility  uf 
keeping  it  under  water  at  any  time,  or  of  immersing  it  on  any  sudden  emergency, 
without  damaging  it. — 3.  Its  being  imii^'ured  by  damp. — I.  Easier  and  safer  convey- 
ance, inasmuch  as  one  ton  of  gun-cotton  does  tbe  woriK  of  at  least  three  t^  d 
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der ;  and  \htn  b  no  fear  of  the  dimflvroiu  '^g«ttiDg  to  dust,'*  and  spilllDg. — 
force  qT  iia  explonoA  cio  W  re^«t«d  so  aj  to  prodQce  Tsrious  retralt« 
dadfiMt  According  to  it«  mdchsnieiJ  oonditioii.  it  miijr  be  miide  to  hftye  any  ipeed  of 
ezplonon,  from  1  foot  per  seeood  to  1  foot  in  ^^  of  »  second,  or  to  iuatuitaneit^. 
The  inift&ntaoeoiu  explosion  of  a  laige  qaaiiti^  m  gnn-ootton  is  iiuMi«  t»e  of  when  tt 
is  reqnifod  lo  prodnoe  destr&ctire  eiKacts  on  the  surrounding  rasterisl;  the  sloir 
oomb nation,  when  it  is  required  to  produce  msRAgesble  pover,  us  in  the  esse  of 
gnnneij, — 6.  It  leaves  no  residue  in  the  gan  on  explosion. — 7*  It  produces  no  smoke." 
8,  The  mee  produced  on  explosion  are  le«a  injurions  to  the  pnn,  and  to  the  mtm  s^TTing 
it. — 9.  It  does  noil  heat  the  gun  so  murh.— 10.  It  produces  smaller  n?eoiL,  only  two« 
thirds  of  that  from  gunpowder,  th^  pmjt'ce  i  U*  rfft^rt  being  ^uid.  This  dependii  probabljr 
to  a  certain  extent  on  liie  solid  robi due  of  explod<*d  gunpowder  havinc  to  be  project^'d 
in  addition  to  the  shot,  and.  oi^  \b  gt'Dcmlly  though t>  at  mueh  higher  speed.  The 
remaiDder,  Geuersl  Von  lienk  attributes  to  a  difT^rent  law  of  oombuitioil.  On  acconni 
of  the  smallni^iv  of  recoil,  a  lighter  and  shorter  guu  mnj  h^  employed. 

On  the  other  hand.  fitin'CotVjn  huM  ftom*^  disadvantages  as  compared  with  gunpowder. 

I.  It  is  guspecred  of  being  liable  lo  spontaneous  decomposition  under  ctrtain  un- 
known drcomstanccs. — 2,  It  i|rnil«9  at  a  lowr-r  t*mpenitiire. — 3.  For  use  in  guns,  it 
requires  greater  care  and  pricision  in  the  manufaeture  of  the  cartridge,  le«t  its  great 
power  should  be  exerted  in  rending  the  piece,  mther  than  propelling  the  b.ilL 

Apfiication  to  oth&r  Miiitary  Purpasfs, — However  snitsble  gun-cotton  may  se«^m  to 
be  as  a  source  of  projectile  power,  it  is  still  better  adapted  to  other  purpose  for  which 
an  explosive  is  required.  Indeed,  its  capability  of  instantaneons  explosion  enables  it 
t4>  perform  easily  some  descriptions  uf  work,  which  gunpowder  could  scarcely,  if  at  all, 
aeeomplish. 

The  condition  necessary  to  pro<luce  instantaneous  and  coraplpte  explosion,  is  the 
absolute  perfection  of  doseneae  of  the  chamber  containing  the  gun-cotton.  The  reason 
of  this  ii,  tliat  the  first  ignited  gaim  must  penetrate  the  whole  mass  of  the  cotton ;  and 
this  they  do,  and  create  complete  ignition  throughout,  only  under  pressure, 

Tor/yses,  gun-cotton  is  woven  into  a  web,  ste<>ped  in  ialtpetre,  and  ooTesred  with  an 
Indian-rubber  jscket.  The  combustion  of  this  takes  place  at  about  30  feet  per  second, 
and  produces  a  sburp  notBe,  heating  but  not  tearing  the  jacket.  Such  a  fuse  will  fire 
oJthough  a  cont^iderablp  weight  be  placed  upon  it,  and  it  may  be  doubled  up  without 
fear  of  the  fire  communicating  from  fold  to  fold.  If  ordinazy  gun-cotton  thread  be 
6red,  ignition  takes  place  at  the  rate  of  only  about  one  foot  per  second. 

Shftlt  with  holes  are  easily  lUled  with  gun-cotton  web|  ana  projectiles  that  open  may 
l>e  charged  with  compressed  gun-cotton.  In  this  way  a  much  larger  amount  of  force 
may  be  stored  u|>  in  the  shell  than  with  gunpowder;  consequently  it  bursts  into  double 
the  number  of  pieces ;  and  it  is  said  that  the  stronger  the  shell,  the  emallej  are  the 
fragment!  into  which  it  is  broken.  "  It  is  a  well-known  &ct,  that  a  bag  of  gunpowder 
naued  on  the  gates  of  a  city  will  blow  them  open.  In  this  case  gun-cotton  would  fail : 
a  bag  of  gun-cotton  exploded  in  the  same  way  is  powerless.  To  blow  up  the  gates  of 
a  city,  a  very  few  pounds  of  gnnnirotton  carried  in  the  hand  of  a  single  man  will  be 
sufficient;  only  he  must  know  its  nature: — in  a  ba^  it  is  harmlesa;  exploded  in  a 
box  it  will  shatter  the  gates  to  atoms."  A  small  b^  containing  gun-^tton,  merely 
Bung  down  dose  to  palindee^  and  exploded  by  a  galvanic  battery  or  a  f^e,  will  open 
a  passage  for  troopsi 

The  same  fbrco  has  been  applied  to  the  destniction  of  bridges.  **  A  strong  bridge 
of  OHk,  12  inches  scantling,  24  feet  span,  was  shattered  to  atoms  by  a  small  box  of 
2 A  lb«.  laid  on  its  centre :  the  bridge  was  not  broken,  it  was  shivered." 

For  military  mining  the  gun-cotton  chaige  is  placed  in  little  barrels  with  strong 
hoops. 

The  eflVct  of  gun-cotton,  when  exploded  under  wafer,  is  very  remarkable.  The 
actiou  IB  so  instantaneous  thjit  the  water  has  no  time  to  yield,  and  thus  it  is  unneces- 
sary to  place  the  charge  in  contact  with  the  body  to  be  destroyed,  oa  is  said  to  be  the 
case  when  gunpowder  is  used.  "Two  tiers  of  piles^  10  inches  thick,  in  water  13  feet 
deep,  with  stones  between  them,  were  blown  up  by  a  barrel  of  lOW  lbs.  of  gnn>cotton 
platted  3  ffet  from  the  ftiot^  and  8  feet  under  water.  It  made  a  clean  sweep  through  a 
radiufl  of  15  feet,  and  raised  the  water  200  fc*et.  The  iron  anchor  used  to  keep  the 
box  in  position  was  found  broken  across.  At  the  close  of  the  Italian  campaign,  soma 
experiments  on  ships  were  made  at  Venice,  in  the  presence  of  the  Kmperor  of  Austria* 
In  one  of  these,  a  barrel  of  400  llis  weight  was  placed  near  a  sloop  in  10  feet  of  water, 
thr  nearfiit  part  of  th»*  bull  of  the  vej'sel  being  about  18  feet  distant ;  yet  the  sloop 
WHN  broken  to  pieces,  iind  the«e  were  hurled  into  the  air  to  the  height  of  400  feet. 
This  kind  of  explosion  is  attended  with  terrific  noise.  It  was  obse^ve^^  that  the  6she«, 
for  perhapn  hnlf  a  mile  round,  were  stunned,  and  floated  <m  the  fturfiie*',  Thfy  recovered 
after  awhile,  but  not  till  many  had  been  pickeit  up  by  hand." 
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Applicaium  to  Bb»^.— Qnn-ootton  thxead  is  span  into  ropes  in  the  oraal  i^, 
up  to  two  inches  diameter,  hollow  in  the  centre.  Inis  is  the  fonn  nsed  ftr  bbrtiqg 
and  mining  purposes ;  it  combines  gr^t  density  with  speedj  eixploBioii,  and  ia  this  fbn 
the  gnn-cotton  is  conyeniently  coij^  in  casks  and  stowed  in  bases.  The  &et  that  the 
action  of  gun-cotton  is  yiolent  and  rapid  in  exact  propoition  to  the  resistSDee  it  en- 
counters, tells  ns  the  secret  of  its  far  higher  efficacy  in  mining  thsn  gunpowder.  Hm 
stronger  the  rock,  the  less  gun-cotton,  comparatirely  with  gunpowder,  ia  DeeeasaiyliartiM 
effect ;  so  much  so,  that  while  gun-cotton  is  stronger  than  powder  as  3  to  1  in  aitflkiy 
it  is  stronger  in  the  proportion  of  6*274  to  1  in  a  strong  and  solid  rock,  wrei|giit  lor 
ireight.  Its  power  of  splitting  up  the  material  can  be  regulated  at  wilL  As  it  is  not 
liable  to  be  spilt  about  by  the  miners  like  powder,  there  is  less  danger  of  aeddeotil 
explosion.  The  absence  of  smoke  in  its  explosion,  also,  conduces  to  the  eomfovt  d 
the  workmen. 

Pyroxylin  for  the  preparation  of  Collodion, 

It  has  already  been  stated  that  the  highest  nitro-substitntion  prodoet  of  ootton, 
namely  trinitrocellulose,  CH^(NO*)*0*,  does  not  dissolve  in  a  mixtore  of  ether  and 
alcohol,  but  that  the  lower  compounds  are  capable  of  doing  so.  It  is  these  oompoiBdi, 
therefore,  that  are  alone  arailable  for  making  that  solution  of  gun-cotton,  -AuA.  is 
known  by  the  name  of  collodion.  Thev  are  produced  when  weaker  acida  are  emplojed, 
or  when  the  precautions  mentioned  aboye  in  the  preparation  of  Lenk'a  gnn-cotton  are 
not  obsenred  (p.  779). 

These  lower  nitro-substitution  products  of  cellulose  do  not  resemble  the  ongioal 
ootton  in  appearance  so  closely  as  the  highest  compound  does ;  for  they  ahow  more 
signs  of  the  action  of  the  acid  on  the  fibre.  Indeed,  there  is  at  least  one  oompoinid 
which  is  soluble  in  nitric  acid,  whether  fuming  or  of  as  low  a  specific  gi&yitj  as  1-S5, 
and  may  be  precipitated  as  a  granular  powder  on  the  addition  of  water. 

They  explode  at  a  lower  temperature  than  trinitrocellulose,  but  this  temperBtme 
depends  both  upon  the  nature  of  the  compound  and  the  manner  in  which  the  heat  is 
applied.  A  long-continued  heat  will  explode  a  mass  of  such  pyroxylin  which  at  fifst 
was  not  set  on  fire ;  and  there  can  be  little  doubt  that  under  such  circamstanoes  it  mar 
be  exploded  at  a  temperature  yery  little  exceeding  that  of  boiling  water;  indeed,  mneh 
lower  temperatures  haye  been  mentioned  by  some  observers. 

These  lower  compounds,  when  explode^  leave  a  certain  amount  of  caibonaceoos 
residue. 

All  these  substitution -products  dissolve  in  strong  sulphuric  add,  bnt  a  solution  d 
cotton-xvloidin,  C''H**(NO*)'0'\  in  that  acid,  is  charred  at  as  low  a  temperatnie  as 
180°  Fahrenheit 

These  lower  compounds  are  liable  to  spontaneous  decomposition,  which  takes  plaee 
yery  slowly  at  first,  but  when  it  has  reached  a  certain  point,  perhaps  after  the  tapae 
of  several  years,  the  action  becomes  much  more  rapid.  The  spontaneona  ffxplosions 
which  haye  sometimes  taken  place  with  ill-prepared  gun-cotton,  maj  with  great 
probability  be  attributed  to  the  presence  of  these  bwer  compounds.  It  does  not 
appear  to  be  proved  that  any  pjToxyb'n  ever  exj^odee  without  extraneona  heat.  lifl^ 
certainly  favours  this  decompo8ition,  but  is  not  indispensable,  for  it  is  on  reeordTtut 
pyroxylin  stowed  away  in  casks  has  evolved  a  choking  smell  after  some  montha.  He 
usual  progress  of  decomposition  is  of  this  character :-  the  pyroxylin  begina  to  emit  a 
peculiar  odour,  rather  agreeable  than  otherwise ;  the  gas  increases,  perhaps  driving 
out  the  stopper,  if  the  pyroxylin  be  contained  in  a  stoppered  bottle ;  the  cotton  beeones 
damp,  and  shrinks  together ;  and,  as  decomposition  goes  on,  the  fibre  disappears,  and 
there  remains  a  gummy  mass,  probably  interspersed  with  crystals.  The  gases  include 
nitric  oxide,  and  apparently,  in  some  cases,  prussic  acid.  The  crystals  consist  of 
oxalic  acid,  and  the  residue  is  a  mixture  of  products  consisting  of  water,  nitric  add, 
and  several  organic  acids  not  always  soluble  in  water. 

The  pyroxylin  used  for  the  preparation  of  collodion  is  not  a  definite  compound,  but  a 
mixture  of  two  or  more  varieties  of  nitrocellulose.  It  may  be  prepared  by  treating 
cotton-wool  either  with  oil  of  vitriol  and  nitrate  of  potassium,  or  with  a  mixtnre  of  strong 
nitric  and  sulphuric  acids.  In  the  former  case,  60  grains  of  cotton-wool  pulled  out  into 
separate  balls  of  about  the  size  of  a  walnut,  is  immersed  in  a  mixture  oi  6  fluid  ounces 
of  oil  of  vitriol,  3 J  oz.  (avoird.)  of  dried  saltpetre,  and  1  fluid  ounce  of  water.  The 
cotton  must  be  well  stirred  about  in  the  liquid,  kept  at  the  temperature  of  140^  Fah. 
for  about  two  minutes,  then  suddenly  thrown  into  cold  water,  and  briskly  moved  about 
till  thoroughly  washed.  When  nitrosulphuric  acid  is  used,  larger  quantities  may  be 
openited  upon  at  once :  viz.  400  grains  of  cotton-wool,  6  fluid  ounces  of  nitric  acid  of 
specific  gravity  1*45,  18  fluid  ounces  of  oil  of  vitriol  of  specific  gravity  1-84,  and  4j 
ounces  of  water.  In  this,  as  in  the  former  case,  very  rapid  washing  is  necessaiy, 
otherwise  pponfaneous  decomposition  ^vill  take  place,  attenaed  with  evolution  of  red 
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Ibmn.  For  d«tul«  of  nuntirnktioii  sett  Hardwieh'f  Manual  of  Hut^^apkh  Ckiimutfy; 
aho  TrfKnolo^jf,  L  [A]  613.  Th«;  propordee  and  luwa  of  collodiMi  bAV«  be«m  tlwidy 
dMcribed  (i  lOai). 


(from  w^^^,  yellow)  u  tin*  namn  given  by  G.  Rofte  to  »  minflml 
occumng  at  Mursin^k  in  the  Uml,  is  amtdi  onuLg«-yellaw  octah^foiis;  ftlso  by 
Toecbcmachcr  to  a  perfectly  stntiUr  mineiul  from  the  Aioiv«^  wUicli,  oceortluig  U» 
Hayes.  cout^UU  chif^y  of nhbato  of  ztrooaium*    (Da a li,  ii.  S46/) 

9YS&HO&.     Syn.  with  PrmaoL. 

VTSRHOPXn.  This  Qame  was  girea  by  Polf  X  (Berz,  JaHnwK  six.  433)  to 
an  alkaloid  extracted  by  alcohol  from  th*i  nxit  of  ChditLmtutu  rtntjmt,  and  diatiDgiiit»li«^ 
by  forming  red  spariagly  soloblo  Milta  with  acld««  It  b  doabtloM  id«atic&l  witb 
cielcnfthrine  (i.  847). 

WYWMMOMWM'XM  •  A  brown  bamnfi-Iike  mibotatico  found  by  FoirbHavmnfr  in 
the  foaiU  pine-wood  of  Dramark,  and  i^garded  by  him  as  a  hnmate  of  bolmtin 
(i*  619).  It  ifl  aolabte  in  alcohol^  inaolublc  in  ether,  and  wh«n  iu  aleoKolic  ftolntton 
iimizod  with  a  qoantifY  of  ether,  not  suifitMent  to  pn;jdaco  a  preeipitate^  and  ammonin 
than  add«d,  btrmate  (aimate)  of  ammonium  i^  Niid  to  be  precipitated*  while  boloretin 
remainB  in  solution.  The  lubatance  appears  however  to  b«  merely  a  miitiire  (Handw. 
d.  Chero.  Ti\  739). 

PirsSBOSXHS&XTM.     Syn.  with  G    hitr. 

PimmsOTUr.     Miignetic  pyrites.     (See  Inosr,  8ui.PKiitts  07,  iii.  40L) 

WTWIMQI*.  C*H*N.  (Rone^  Pogg.  Ann,  mju.67.— Anderion,  Ed.  Phil. Tiuna. 
XX.  [2]  '247;  Ml.  [4]  .i7L— Schwanert^  Ann.  Ch.  Pharm.  cxv.  279.) 

jjJ^ry.—Kunge  wm  the  first  to  observe  that  the  prodact«  of  the  dcstmctiTe  dts* 
tillaition  of  coal  contained  a  Bubstance  which  caused  fir- wood  moiMened  with  hvdi'o* 
ebloric  acid  to  assume  a  red  colour.  It  it  not  D«ceasaipr  to  moisten  the  wood  with  tho 
liquid  to  be  tried,  it  is  anffident  to  hold  it  orer  the  liquid  containing  the  pyrroL  Hunge 
cousidered  pyirol  to  be  a  gas,  but  he  ueTor  prepared  it  in  a  pore  state. 

ForTmtum.—\ .  Pyrrol  appears  to  be  ixrotfnced  in  almost  every  instance  where 
animal  or  vei2v>tablt*  mstteta  containing  nitrogen  are  subjected  to  ddAtnictiTe  diet  il- 
lation (Gr,  Willi  11ms). — 2,  It  is  also  produced  in  considerable  quantity  by  the 
destructive  distiltation  of  mucate  ofummomum,  occurring  as  a  product  of  decomposition 
of  the  dipy  romtieumido  (carbopyrrolamide)  formed  in  the  fint  stage  of  the  decomposition 
(p.  765). — S.  By  beatinj?  earbopyrroiic  acid,  0*H'NO*,  which  ia  resolved  thereby  bto 
pyrml  and  carbonic  anhydride  (p.  764). 

Prcpiiradon.  I.  From  bone -oil — TbeoOia  shaken  up  with  dilute  hydrochloric  or 
mtphuric  acidw,  and  the  acid  solution  is  disUUed.  A  portion  of  the  pyrrol  it*  thereby 
dfctroyedf  but  the  greater  portion  ditttlL^  over  in  an  impure  stat^  By  repeatm 
fhwtional  distillation  it  snay  be  obtained  with  a  boiling  point  between  132^  and  143<*. 
It  is  then  to  be  several  tim<*»  shaken  up  with  dilute  adds^  to  remove  pi coline  and  other 
hanic  irapurities*  After  dryrng  by  means  of  sticks  of  potassium,  it  is  again  frac* 
tionally  distilled  until  it  boils  almost  entirely  between  134^  and  138°.  In  tliis 
srate  it  gives  tolerably  correct  nnmbers  on  analysis^  but  it  is  still  contaminated  with 
some  impurities  which  give  it  an  olFensive  odour.  It  most  therpfore  be  cohobated 
over  solid  hydmte  of  poUi«sium  until  little  or  no  liquid  is  seen  to  rise  in  the  cohobat* 
inf?  tube,  even  although  the  bottom  of  the  flask  is  heated  almost  to  rednesa.  The 
oofiubBting  tube  is  Uion  replaced  by  a  bent  tube^  and  all  volatile  matten  are 
distilled  away ;  the  residne  in  the  fiask  ia  ponred  out  on  to  a  metal  plate  and  allowed 
to  cool;  and  the  compound  of  pyrrol  with  pot^-wh  is  decomposed  with  water,  when  the 
pure  pyrrol  will  rise  to  the  surface  in  the  fnrm  of  a  fragnint  colourless  oil,  which 
msy  be  dried  by  digestion  with  ftticks  of  potash.  On  rectitication  the  pure  pyrrol  will 
come  over  steadily  at  1 3 3 «*.     (Anderson/) 

2.  Fmm  mucate  of  ammonium. — When  tbia  salt  in  the  state  of  dry  powder  ia 
distilled,  crystals  of  carbonate  of  ammonium  are  obtained,  together  with  an  tiqueons 
solution  of  carbopyrrolamide  and  a  brown  oil  chiefly  consisting  of  pyrrtjl  floating 
thereon ;  and  by  washing  tbis  oil  with  water,  dehydrating  it  with  solid  potash  and 
rectifying  it  after  standing  over  chIorid<*  of  nilcium,  the  pyrrol  is  obtained  pure.  This 
is  a  much  easier  mode  of  preparation  than  the  former.  Carbopyrrolic  acid  (p,  764) 
does  not  yield  pure  pyrrol  quite  so  easily^  because  a  portion  of  it  sublimes  undccomposed. 
(ScbwaniTt.) 

Proprrtii's.—^Colnnrlf^si*  trausparent  liquid  of  delightfully  fragrant  wlour  resembling 
chl*jroff»rm.  but  woftr*r  iind  lf«s  pungent.  Boils  at  133**,  Tastes  hot  and  pmi^i'nt. 
Sjiiiringly  soluble  in  uvtrr,  but  is  rc»iily  soluble  in  aiirfkof,  rthrr,  und  tw/*,     lumjluble 
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in  alkaline  solntiona;  disaolYes,  but  not  readily,  in  adds,    Speeifie  gzmyitj  of  liqvf 
1*077,  of  Ti^np  2*40. 

Deeompositicms. — 1.  Colourless  pyrrol  soon  becomes  brown  by  keeping;  it  buj^ 
howeyer,  always  be  re-obtained  colourless  by  distillation.  2.  A  ^eoe  of  fir-vood 
moistened  with  hydroohloric  acid  rapidly  acquires  an  intense  camune  ooloor  vbes 
exposed  to  eyen  the  minutest  traces  of  pyrrol  ya^nr.  One  drop  of  pynol  will  confer 
upon  the  air  of  a  large  jar  the  power  of  giying  tins  reaction.  3.  When  aeitated  with 
dilute  acids  in  the  cold,  pyrrol  dissolyes  unchanged,  but,  on  heating  the  solntion,  a  red 
flocculent  substance  called  pyrrol-red  {infra.),  is  formed  in  snim  quantity  tliat  tbe 
vessel  may  be  inverted  without  the  contents  escaping. — 4.  Solution  ot  ploHmcchloridi 
lidded  to  a  cold  hydrochloric  solution  of  pyrrol  causes  the  solution  to  become  instaDtl/ 
dark  coloured,  and  in  a  few  minutes  an  abundant  black  predpitate,  oontainingplatinam. 
but  of  indefinite  composition,  is  deposited. — 5.  Solution  of  ferric  chloride  causes  tb« 
hydrochloric  solution  of  pyrrol  to  become  first  green  and  then  black. — 6.  Diehromatt 
of  potassium  also  decomposes  a  similar  solution  with  ibrm&tion  of  an  abundant  hLuk 
precipitate. — 7.  Pyrrol  is  rapidly  oxidised  by  nitric  add,  red  fomea  are  giyen  aS,  and, 
if  the  action  is  prolonged,  oxalic  acid  is  formed. 

8.  Alcoholic  solution  of  pyrrol  gives  a  white  precipitate  with  mennuic  chloride,  and 
also  with  chloride  of  caomium,  but  it  does  not  precipitate  the  metallic  oxidoi 
generally. 

The  mercury-salt,  C^H*N.2H^C1*,  is  a  white  crystalline  powder  insoluble  in  water, 
sparingly  soluble  in  cold  alcohol :  the  solution  is  probably  decomposed  on  boiling.— 
The  cadmium-salt,  4C*H*N.3Cd''Cl*,  is  a  white  crystalline  powder  insoluble  in  water, 
but  readily  soluble  in  hydrochloric  acid. 

I^rrrol  does  not  form  any  definite  compounds  with  acids,  although  it  is  decidedly 
basic.  At  a  red  heat  it  unites  with  hydrate  of  potassium,  but  the  compound  is  decom- 
posed by  mere  solution  in  water.  C.  G-.  W. 

»TmS01.-&BB.  C"H'^K).— When  pyrrol  is  wanned  or  boiled  with  excess  <^ 
sulphuric  or  hydrochloric  acid,  this  substance  separates  in  amorphous  orange-red  or 
brown  fiocks,  the  colour  of  which  is  darker,  in  proportion  as  the  action  of  the  add  hat 
been  longer  continued.  It  is  also  produced  when  carbop^rrrolic  add  or  its  barium-salt 
is  heated  to  60^  or  a^ye  with  adds,  the  carliopyrroHc  add  being  thereby  resolyed  into 
carbonic  anhydride  and  pyrrol,  a  portion  of  which  is  then  conrerted  into  pyrrol-rvd  as 
above. 

Pyrrol-red  is  insoluble  in  water  and  in  ether,  but  somewhat  soluble  in  hot  aloohd; 
insoluble  in  adds  and  in  alkalis.  Anderson  found  it  to  oontain  71  '98  per  cent,  caibon, 
6*88  hydroffen,  13'69  nitrogen  and  7*56  oxygen,  agreeing  nearly  with  the  abore  f Qmnla 
which  requires  71 '28  C,  6*93 H,  1386 K,  and  7'93  O.  Schwanert  found  in  pjzrol-red 
ftom  oarbopyiTolic  add,  proportions  of  carbon  and  nitrogen  smaller  than  these.  Ae- 
oording  to  Anderson's  formula,  the  formation  of  pyrrol-red  ficom  pyrrol  maj  be  repmentel 
by  the  equation, 

8C«H»N  +  HK)    -    C»«H»WO  +  NH«. 

FIBUVAO  AOID.    Syn.  with  Ptbobackicio  Aon>  (p.  769). 
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Neotoklie 

NfjotyiTHB*        ,        ,        , 
Xcpbeltfi  .         ,         , 

Nepbrit*         -        •        • 
Neroli,  Oil  or  Eaaenetof 
Nervoufl  Tiasue       . 
Nt'Uroliti^         ,        .         , 
NeHManakile  (a,  Indosmifie,  liL  824)* 

Nt^wKirkilB 

Niccne  (a,  Cbloroniceic  aotd,  L  i>2J>, 
Nickel.        ... 
Nickel*  Alloys  of    .  , 
Nickel,  Antimoaide  of 
K 
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33 
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Nickel,  Antimonio- sulphide  of  (9.  Nic- 
kel-glance). 
Nickel,  Arsenate  of      .        .        .        .36 

Nickel,  Arsenides  of     .        .        .        .  — 
Nickel,  Arsenic-sulphide  of  (a.  Nickel- 
glance,  p.  43). 
Nickel,  IJroraide  of       .        .        .        .37 

Nickel,  Carbonate  of    .        .        .        .  — 

Nickel,  Chloride  of       .        .        .        .  — 
Nickel,  Detection  and  Kstimation  of: 

1.  ]iNiH|iijio  Honctions           .         .  — 

2.  KtuoLioiii  in  Solutioti       .        .  38 

3.  Quftniiintjvi?  KatinFjitinn  .        .  — 

4.  Sepnraiion  from  other  Metals  .  — 
6.  Aniilv's^  of  ^itvkel-orea  .  .  39 
6.  Atoniic  Weightof  Kickel         .  40 

Nickel,  Emerald — 

Nickel,  Fluoride  of       .        •        .        .  — 

Nickel,  Iodide  of — 

Nickel,  Nitride  of         .        .        .        .  — 
Nickel,  Oxides  of: 

Protoxide — 

Sesmiioxide  or  Peroxide       .        .41 

Nickel,  Oxychloride  of         .        .        .  — 

Nickel,  Ox vgen -salts  of       .        .        .  — 
Nickel,  Oxyiodide  of  (p.  40). 

Nickel,  Phosphide  of    .        .        .        .  — 

Nickel,  Selcnide  of       ....  42 
Nickel.  !?iiliLaU:  of  (s.  Pimelite  and  Sili- 
t'Htes). 

Njckd-liniiicitB — 

Nickel-pyrites — 

Nickel-vitriol — 

Nicotic  acid 44 

Nicotine — 

Salts  of  Nicotine    ....  46 

Methvl-nicotine    ....  47 

Ethyl-nicotino       ....  48 

Amyl- nicotine       •        .        .        .  — 

Nigellin — 

Nigric  acid — 

Nif^n — 

Nihiium  album — 

Ninaphtnjf,  N  inaphtcsc^  Ninaphtiso    .  — 

Nrnjiphlhyijimino         .        .        .        .  — 
Niobife  ,«.....— 

N  oh  um                    ....  — 
Nii>hiumt  Bromide  of  .        .        .        .50 

Kiobimn^  ii^hloridc  of  .        .        .        ,  — 

ijjcydilrtrisk — 

Niobium^  DetectMin  and  Estimation  of: 

1.  KfjiftiMfij;  ..,,,— 

2.  I<>u mat  j>in  and  Separation  51 

3.  Atndijo  WtiiK^ht        ,        .        ,  — 
Kiot^ttini,  Fliniriiio-nvTTipoimd-'iof.        •  62 

KliK^xyiriobRti^i  oud  Fluooiobatcs  — 

Kiohium,  5^itrii1o  of    •        ...  58 

Niobium,  Oxides  of     .        ,        •        ,  — 

Pnitoxido — 

Dioxide — 

INjiitoxide  or  Niobic  oxide    .        .  — 
NiobatcB  of  Potassium  and  So- 
dium        55 

Niohateof  Iron  and  Manganese: 

Gtiiimbite        .         .         .         .  — 
Ni(jK.a£t>  vi  Vinintii     Fergtao- 

uUey  Tyrite,  Bnigitc        ,         .  55 
Urano-niobate  of  Yttrium  and 

Iron :  Samnrnkite   ,         .  56 

Niobatc  of    Calcium,  Cerium, 

Ac.:  Pyroe/thre      ...  57 

Niobium,  Sulphides  of         ...  — 

NiphoUte     ••••..  58 
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Nithralin 53 

Nitracrol       ......        .     

Nitramarine  (s.  Amarine). 

Nitraroidin 

Nitranidea 

XltrciiiiliuG  (s.  PheiiTliuiuncf). 
Nitfanijjic  ocida  (s.  Anisis:  ncU\,  i.  302). 
Nitranifiidf!  (il  Anij^e.,  Oil  f*(y  1.  298). 
NitranJAiUme  («,  Aimidin*?*  L  301). 
Nifranisol  (Sw  Anlsc^l^  i^  30  fj), 
Nitr.ite.^  (p.  82). 

NitTiitin  ....       — 

Ni;trii?.nphcnjlamiiie(s.  Phciiylamincs). 
Niitiazoiihciiyl-dtracoiiiimLc  acid,  and 

-dtniconamid^  (a,  l^henv  la  mines). 
Nitre    ....'..        .      — 
Nitric  acid  (s.  Nitrogen,  Oxide  of,  78). 
Nitricum  (a.  Nitrogen). 

Nitrides — 

Nitrilea — 

Nitrindin  (s.  Indin). 

Nitrites  (n*  7(S)» 

SiJitro^a^oWn^eQO  (s.   Azobenzenc,    i. 

478). 
Nitrobcn^amidcs  (s.  Benzamide,  i.  541). 
Kitrobcnrnnil^de  (s.  Phcnylnmincs). 
Xitrobcfisi^iTii.siiljiJc  (p.  Anisididc,i.  304). 

Nitrobcnzencs 59 

Nitrobenzoene  (s.  Benzyl,  Hydride  of, 

i.574). 
Nitrobenzoic  acids  (s.  Benzoic  acid,  i. 

Nilrob4:n20iiitrilo  (g.  Bcnsconitrile,  and 

Sult>t]ami4lob«nzumine), 
Nitrothcnaoji,   Peroxido   of  (s.  Per- 
oxides^. 
Nitrobenzone,  or  Nitrobenzophenone  (s. 

BeniseniJ,  i.  562). 
N it robcDzovl* benzoin  fs.    Benzoin,  L 

5fi0).      ' 
Nitrobromo-pheEiir,  or   -carbolic   acid 

(a.  Phenol,  mjrivativea  of). 
Nitrobutyronic  acid  (a.   Butjronitric 

add,  i.6lfS). 
Nitrocaldte  ........ 

Nitrocupric  atid — 

Nitrocarbolic  add  (s.  Phenol,  Deriya- 

tives  of). 
Nitrocdlulnso  (s.  Cellulose,  i.  819,  and 

Pyroxylin). 
Kitriochbrobetifcn^  (s.  Phenyl,  Chloride 

oQ. 
KitroebtorobenEoic  a^id        ...      00 
Nitrochlomnirpicadd  and  Nitrochloro- 

nicone  {s,  Cldoronkvic  add)* 
NitrocHolic  flcJd    .        ,  .      — 

Nitrochryacne  (i  Chrysenc^  t.  958). 
>!itriiK:inniiijH!iie  (s  Ciriiiamenc,  i.  S8S\ 
NUavK-'innamic  add  (t.  (]!imiamic  odd*  i» 

Nitnxjnnfnnl<!e  (a.  Cinnaraide,  i.  989). 
KiinHimiariLsiaidtj  (i.  304,  989). 
Nit  roc occu sic  add         ...,«-« 
Kitrocoddno  (a,  Co^leino,  i.  1 01*8 > 
Nilroconm.irin  (5.  Coiminrin^  ii.  94 )« 
Nitrocumene  at  Nitrocuasol  (s.  Cumen^ 

ii.  174). 
Nitrocr(>8vlic  acid  (s.  Cresylic  Alcohol, 

ii.  207)'. 
Nitrocumenylamine  or  Nitrocumidine 

(s.  Cumenylaminc,  ii.  17G\ 
Nitrocuminic  acid  (s.  Cumiiuc  add,  L 

178). 
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Nltfonrmciie  of  KHrocymd  (»  Cymone^ 

1 

\L  -iSKj). 

Do«l)lc  aalta  of  Mcrcuroua 

NitriKlmronoAtc  a::id  (jtyn,  with  NitfA* 

Nitfjite    .        .        .        • 

97 

nl^ic  iicid). 

NilraUw  of  Molybdenum    , 



Nitro  dichlorof»hciiic  acid  (e.  Photiol. 

Nitnitoof  Nkkel 

— 

t)<frivAtlvei  or). 

Ammonio-nilnitea  of  Nick4*l  , 

98 

NilriMlrAiyUmide.         .... 

60 

Nilraicfl  of  (J4mjmn,  ralladium. 

Nitr«M!rn  ••'■     •■    '         ♦        .        .        • 

_ 

and  Piatt rium 

_ 

,Nitri3«lr                     -V      .         ,         ,         • 

61 

Nitrate  of  l*ota<«itim  t 

Kitro-i                     >  u*(s.  Erylhitpmiiti* 

Natural  Formation 

— 

nit€%  ii,  ^OO  ju 

Purifieation  of  the  naUvo  aalt 

n 

N(tr«eaivlic«dd(DiO 

— 

Preparation  from  Chile  Salt- 

Kiln><>uxii{itbic   acid    (a.    Kuxantyc 

petre  .        .        .        .        , 

im 

!icU\,  ii.  CIO). 

Propertie*       .        •        .        • 

.» 

Nitrurtmeyanidca  (s.  Cyanides  of  Iron, 

Valuation       .... 

101 

ii.  250). 

NitrateaofHKodiumftDdRubidiQQi  104                         | 

Nitroform  («  Nitromethide*). 

Nitrate  of  Silver 

_ 

Nitrofrnngulkj  Acid  (*.  Fraogulk:  acid, 

Nitrate  of  Solium 

105 

ii.  7(i7). 

Nitrates  of  Strontium,  Tertiuin» 

Nitrt>K«n 

02 

Tlvallium,  aniJ  Thorinum 

loe 

Nitrngcn,  Bimi\&  of  (s.  Borun^  Nitride 

of,  i.  iVAh). 
Nitrogen,  ftroniide  of  ♦ 

Nitratea  of  Tin,  Uranium,  Yana- 

diumtYttrium,  Zinc,  and  ZAtqo* 

U 

niura        *        .        .        .        . 

107 

Kilro^iMt,  Chliiride  of  .         ,         .         • 

— 

AIc(^Mtk  NUraitas  NitrustiJkera: 

Nitrnj;cri,  Chlnrophowphide  of  (a.  Pkos* 

Nitrate  of  Amyl     .        .        « 

108 

ptioruH,  ChlortJiiitride  of). 

Nitrat«  of  Ethyl     .        ,        , 

.— 

Nittuj^en,  Chloro*ulj)hido  of         • 

^ 

Mercurethvllc  Nitrate        • 

^^ 

Nitni^tii,  Detection  and  Intimation  of 

65 

Nitrate  of  Methyl.        .        , 

109 

Nitrate  of  Octyl     . 

«_ 

-*^'0- 

Nitrogen.  Pliospbides  of  (a.  Phoiphoi* 

! 

Protoxide  or  Ni  irons  Oxido  . 

66 

oaomides,  p.  41)9). 

67 

Nitrogen,  Sulphide  of  ,        •       » 
NitFOgcniom  (s.  Nitrogen). 

^ 

Dioxide  or  Nitrif  Oxide        -        , 

€8 

N  i f  r       v^     1  ridp,  Acid,  and  Salt* 
>                     dtic 

69 
72 

Nitiopntianic  acid  (s.  Geatiinlc  add. 

N                    ihoJic  :  A7^n>»«J^VArrf 

75 

Nitroglycerin  (i,  Glyccnn.  ii.  890). 
Nit rolianna lino  (a.  Harnialine,  iii*  9), 

Nitrsc    IVruxide  or  Ttiiruxidu  of 

Nittofien 

— 

Nitroharmine  (s.  lUrmine,  iii.  11). 

Nitric  Auhydridc,  Add,  and  Salta 

77 

Nitrohjomatic  acid  (l.  Picramic  acidt 

Nitric  acid         .       .       .       . 

78 

p.  406). 

Nitrate(« 

»2 

Nitroheknin  (s.  Helenin,  iii,  1»8>. 

I 

Heactions  of  Nitrates     . 

6d| 

Kitrohippuric  odd  (s,  Dippuric  add. 

Quant itatiro  analvab  of  Ni- 

irate*:  FjJtimaUoii  erf  Nitric 

Nitrohumic  acid  (t.  Ulmie  arid). 

acid     ..... 

85 

Nitrohvdttrilio  odd  (a.  Hydurilic  add. 

Nitrates  of  AliiniiDiam,  Ammo- 

iiL 221). 

nium,  and  Bariiun . 

89 

Nitro-inoaite  (a.  Inonte,  iii.  276). 

Niiraleaof  Biimuth  , 

m 

Nitro'jodic  acid  or  Anhydride  (a.  lodi© 

Nitrfltte  of  C«aittm  (a.  Ciutiuin, 

add.  iii.  20^). 

i  1115). 

Nitrolactic  add    (a.   Milk-sugar,    uL 

Nitrate  of  C4idmium  . 

^ 

1024). 

Nilrsite  of  Caleium     , 

— 

Nitfokudc  acid  (a.  Lcndne,  Hi.  582), 

^itratcsof  Corimn     . 

91 

Nitromannite  (s.  Mannite,  iii.  825). 
Nitromaric  acid  (a.  Pimaric  acifl,  p. 

Nitrates  of  Cliromium 

— . 

Nitrates  of  Cobalt       . 

— 

645). 

Nitnitea  of  Copper,  Didymitun, 
El  Ilium,  and  Uluciuniu  . 

Niiromeconin  (tL  Meconin,  iii  8<>3). 

92 

Nitroniclaniline  (jj.  Mdaniline,  under 

Nitrate  of  Gold  .         .        •        . 

sa 

Phenvlaminca*  p.  464). 

Nitratea    of    Irid-animoninma 

Niirom^idine      1  (a.  Moattylen€,  iii 

(III.  «24). 
Nitmteaoflroti* 

NitromcsityleiicsJ      03O). 

— 

N  ilromelacetonicAcidCi.  Propionic  add). 

^^^                Ferric  Acclo-nitrfttea     * 

^ 

Nitromethidea: 

^^K           Nitrate  of  Lantlumuni 

£M 

Nitroform,    BromonJtroform,   Te- 

^^^B          Nitrates  of  Lead 

.^^ 

Irnnitromethiilo. 

110 

^^^H              F(innoTiilrat«  And  rhosjdioni- 

CyanonitromothiJe  or  Nitracoto- 

^^^H                   tr»te  of  Lead 

96 

nitrile         ,        .        .        ,        . 

111 

^^^H           N  i  t m  Ui»  of  Lit  1 1  i  u m^  M^g  ne&i  um, 

Cyanodinitromothido  or  Dinitra* 

^^^H                JiTid  Munr^dncsSQ 

— 

cetouitrile  .... 

-^ 

^^^H            N  It  TAi  vf,  of  M  crcury  i 

fjyaoo-trinitromethide  or  Trinitra- 

^^^H               A.  Mercuric  NiLrato 

..»• 

'cdonitrilo  .         .         .        *        . 

_ 

^^^H                   Doublo   salts  of   Mercuric 

Cy  ano-d  i  brom  on  i  trome  thide  or  Di  - 

^^^H                       NitmlQ    ,         .        .        . 

aa 

'              broiiionitraceto-iiitrile 

^^ 

^^^B             fi,  McKyrouj  Nitrate     . 

— 

Nitrorocihylic  add  (Ui-)*    • 

— *, 

^^^^ 
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Nitromiiriatic  nciil        .        •        .        .Ill 
NitronnpbihalcDes    (s.    liaphthalene, 

p.  15). 
Nitro-ox3'l>enzoic  acid  (s.  Oxybenzoic 

aci<l,  p.  29  i). 
Nitropapaverine  (s.  Papaverine,  p.  338). 
Nitropetrol-diamine  fa.  Petrol,  p.  382). 
Nitropeucedamide  and  Nitropeucedanin 

(s.  Peucedanin,  p.  388). 
Nitrophciiamic  acid      .        .        .        .112 
Nitrophenamylidiiie     .        .        .        .      — 
Kitruphcnesic  acid  >  (s.  Phenol,  pp.394, 
Kitrophenlaic  acid  j      397). 
Nitrophenoic  acid  (a,  Plienoic  acid,  p. 

388). 
Nitrophenol  (s.  Phenol,  p.  394). 
Kitrophenvlamioe  (s.  Phenylam^ne,  p. 

445).     * 
Kitrophenyl-carbamides  (s.  Carbamide, 

i.  756). 
Mitrophcnylene-diamine  (s.  Phenylene- 

diamine.sp.  481). 
Nitrophon3'l-pyrotarlramic     acid     (a. 

Pyrotartraiiiic  ethers). 
Nitrophenyl -.sulphuric  and  •sulphurous 

ethers  (s.  Sulphuric  and  Sulphurous 

ethers). 
Nitrophloretin  (s.  Phloretin,  p.  492). 
Nitrnphloroglucin  (s.  Phloroglucin,  p. 

49G). 

Nitrophthalone — 

KitrophthaUc  acid  (s.  Pthalic  acid,  p. 

629). 
Nitrophtbalinic  acid     .        .        .        .113 
Nitroplanyl  (s.  Meconin,  iii  803). 

Nitropicric  acid — 

Nitropicrotoxine    (8.    Picrotoxine,    p. 

644). 
Nitropropionic  acid  (s.  Propionic  acid). 
Nitroprussides  (s.  Cyanides  of  Iron,  ii. 

250). 
Nitropyrene  (s.  Pyrene). 
Kitroraceniic  acid  (s.  Racemic  acid). 

Nitrosaccharose — 

Nitrosalicylamide  (s.  Salicylamides). 
Nitrosalicylic  acid  (s.  Salicylic  acid). 
Nitrosalicylides    (s.    Salicyloua    acid, 

Derivatives  of). 
Nitroso-com  pounds       ....      — 

Nitrosethylin 114 

Nitroao-raalonic  acid    ....      — 

Amido-malonic  acid      .        .        .115 

Nitrosonaphthalin         .        .        .        .      — 

Kitrosophenylin — 

Nitrosopiperidine  (s.  Piperidino). 

Nitrososuiphates 116 

Kitrostilbic  acid — 

Nitrostyrol  (s.  Cinnaraene). 
Nitrosulphalic  acid       ....      — 

Nitrosulphatcs — 

Nitrosulphides  of  Iron  (s.  Iron,  iii.  89n. 
Nitrosulphobenzide  (s  Sulphobenzide). 
Nitrosulphobenzidic    acid    (s.    Nitro- 

phenyUsulphurous  acid). 
Nitrosulphocymolic  acid  (s.    Sulpho- 

cymolic  acid). 
Nitrosulphonaphtbalic  acid  (s.  Sulpho- 

naphthalic  acid). 
Kitrosulphotoluolic  acid  (s.  Sulphutol- 

uylic  acid). 
Kiirosulphoxylolioacid  (s.  SulphoxyU 

olic  acid). 
Nitrosyl,  Cfhlgridei  of  .       .       •       .     — 


FAGB 

Nitrotartaric  acid  (s.  Tartaric  acid). 
Nitrotheine  (s.  Cholestrophane,  i.  9iC). 
Nitrotoluene  or  Nitrotoluol  (a.  Benzyl, 

Hydride  of,  i.  674). 
Nitrotoluidine  (s.  Benzylaminc,  i.  576). 
Nitrotoluylamide  (s.  Toluylainide). 
Nitrotoluylic  acid  (s.  Toluvlic  acid). 
Nitrotyrosioe  (a.  Tyrosine). 
Nitrovalerianic  acid  (s. Valerianic  acid). 
Nitroveratric  acid  (s.  Vera  trie  acid). 
Nitroveratrol  (s.  Veratrol). 
Nitroxamylene  (s.  Amylenc,  i.  208). 

Nitroxomylene,  Nitroxysulphidcof     .  117 
Nitroxin  or  Nitroxyl  (s.  Nitryl). 
Nitroxybenzoic  acid  (s.    Oxybenzoic 

acid,  p.  295). 
Nitroxylene  or  Nitroxylol  (s.  Xylene). 

Nitroxynaphtbalic  acid        .      ' .        .  — 

Nitrum 118 

Nitryl  ...                .        .        .  — 

Nomenclature: 

Historical  Notices.        ..... 

Nomenclature  of  Inorganic  bodies  122 

N(»menclature  of  Organic  bodies  .  127 

Nomenclature  of  Groups    .  129 

Nomenclature  of  Functions        .  130 

Alcohols — 

Acids 132 

Terminations     ....  133 

Literature 134 

Nontronite — 

Nonyl — 

Nonylamine — 

Nonylene — 

Chloride  and  Bromide  of  Nonylene  135 
Nonvlic  alcohol  (s.  Nonyl,  p.  132). 

Nordenskidldite — 

Norite  • — 

Norium — 

Nosean — 

Notation 136 

Early  Symbols      ....—- 

Bergman's  Symbols       ...  — 

Lavoisier's  Notation      .        .        .  137 

NoUtion  of  Hassenfratz  and  Adet  138 
Notation  of  Berzelius    .                .139 

Notation  in  actual  use  .               .  140 

Notite 142 

Nucin — 

Nuclein 143 

Nucleus  Theory — 

Numbers,  Law  of  Even  (s.  Classifica- 
tion, i.  1011). 

Nussierite 145 

Nut  oils — 

Nutmeg  oils — 

Nutrition,  Animal  .        .        .        ,  .^ 

On  the  nature  of  food    .        .        .  147 

Dietetics — 

General  Laws  of  Nutrition    .        .148 

A.  SUtics — 

B.  Dynamics  .  .  .  .159 
Nutrition  of  Plants.  ...  162 
Nuttalite  (s.  Scapolite). 

Nux  vomica  (s.  Sirycnnos). 

NymphsM 169 


Oats  Cs.  Cereals,  i.  823). 
Obsidian  and  Pumice  . 
Ocbran .       •       .       • 
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Ochre   . 

Ocliruite 

Ochota  Oil  or  Cai 

(K;Uhearite(8. 

iklyk     . 

Ik'lyl,  l^roroide  of 

tktjU  Cfiloriilc  of 

IkUL  lly«lrateof 

Uwlvl.  ilv.lrideof. 

OciyK  t'Mlide  of    .        .        . 

Octyl,  Uxidc  of    . 

Octyl**  Sulphide  of 

Olylaini  te  ... 

Octylenc       .... 

MgU-  octylene 
Oclylene,  Acetate  of 
Octylene,  Hromide  of    . 
Octylene,  Hydrate  of    . 
Octylene,  Hydrato  chloride  of 
Ocuba  wax  .... 

Odmyl 

Odonne         .... 
Odontolite  (s.  Turaooia). 
CEoanthic  acid  and  Ether    . 

ChloroBnanthic  add  and  Ether 
(Enanthol     . 

Metoenanthol 
(Enaiitbyl    . 
U^ujinthyV  CliloHde  of 
(Knanth  v^  Hydride  of, 
l£iuntbyiAc«toi]«  (t.  (^nantbyTociQ)^ 
(EnaDtbybtiude  . 
CEnandiytene  (k  lleptyteae). 
QCitaritfaylic  acid  ^ 

CEnatitbylBiea 
CEnAnthylic  Anhyddde        • 
iEnj^ntliylic  Eth^rti       . 
CJEimnlhylO'beBKoic:  Aoh}'drtdQ 
lEntftithyJo-cutnliik  Aubydride 
LEiiJinthylone        .         ,        • 
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raracetooe  (9^  Pmnacoae). 
PAraclitoraliilo       ..,.*      — 
I*arachlorobei]£oic  acid         .        •        .      — 
Para  citric  acid  {s.  Acooitk  acid,  L  54)* 

I'antcoluaibite '— 

Pafftcyanic  acid    .....      ^ 

Paraeranoceo — 

PanHUgiuTetin 342 

PAnirliphoftpbonium  -  compounda     (a. 

Pnni-eUagic  acid  f  s.  RiifigaUjc  acid), 
rJifArTin         .         ,        .        . 

iVl^niifactiireof  Piraffin  and  Paraf- 
fin oib        S44 

List  of  Memoin  retaiing  to  Paraf* 

lin  and  alliad  mauera     .        •    947 
1  '^aragtobulareti  a  («.  Globiilarin«  i  L  ^6). 
Paragouite  (*.  PrcgraiUt^  p.  T24). 
Paramuylea       *        «        ,        .        .    349 
Parabexytene       ....•      — 
Paralactic  acid      .        .        .        «        .      «^ 
Paralbumin  (s.  Albamln^  L  68}, 
Paraldebyde  .        .        ,        .        *      — 

ParatleloAtemm,   *-,*.*      ^- 

l^anilogite — 

I'aram  .        .        *        .        .        .        .      — 
Paranialeic  acid  (a.  Fumaxifi  add,  ii. 
741). 

Paramalic  add — 

Parumecotiic  acid  (i.  Cocneoic  acid,  t 

una). 
l\irflmenL!(p«iTiiine  (■*  MeoiaponniD&t  UL 

Piiramie  apjd  Hn.  MeHiUclcid*  Amidcf 
Paramide       f     of,  iii,  873). 
Paramidobeaiolc  add  (a.  Para-oxyben' 

aamie  add^  p,  Sdl). 
Poramorphine  (a»  Tliebaino). 
Paramor^boua  CiPlr'aUla         .        •        .    3oO 
Paramucic  acid     ♦ 
pAraniylenc  or  Diauijlene    « 
|';iraiii yiome .        .        ,        • 
Parana  pbih&lfinfi  or  ABtbracenfl 

Uromantbracenii    ,        ,        *        *    551 

Chloranthracene    * 

OKantbraceno        .        ,        .        .    852 

I>i  &  itroxau  ibraoeno 
ParaniceEio    .        •        •        . 
raraiiidno    «        *        .        • 
Pjiranillnfl     ,         ,        .        . 
PAmnitralMm    k  odd  (a.  ^itrodrocvlic 

a*^^i*l  p.  CO), 
raranlbia     ,,.••« 


Para-o%ybcnx«mic  acUl 

Aao  paraoxyb«iuamk  add 

Para-oxjrb«ti%oic  acid  . 

Parapectic  add  and  ParapocUn  (i.  Poe- 
tic ftcid  and  Pecliu), 

Parapboapboric  ai^Jd 

ParapicoUne , 

Pararhodeoretln 

ParaaaccluirMe 

Paraulicyl 

Paraaitaa 

Paraaorbte  acid  (•.  Sorbic  acid)* 

P«raatilbit«  ...... 

PanuulpbaUminon  (a.  Stilphamjde). 

Parmtaitaric  acid  («.  Ra^remic  add). 

ParmUrinimide  (a.  RaoeniAniidfi). 

ParatartraUc  aod   ParaiartrcUc  adda 
(i.  Baccmic  add). 

PjiratiirtjnQviruc  acid      .... 

Parathionic  acid 

ParaU^lueDc  or  Paratoluol    . 

P»reLlie  acid  and  Parollin     . 

pAt^Mito , 

Pancino        *.«,*• 

Paridin 

Paridol 

Parietic  acid         .        .        ,       •        • 

Parielin        *..... 

Parii  Blue 

Paria  Lalie  (a,  Canaioe  Laka). 

Pam  Bed      ,,..•. 

PariaiU 

PariatypbolD 

Parmelia 

Parrn^Ured  and  P^nneKjellow    , 

Partboiiic  add 

PartJDg 

PaaaiTfl  aUte  of  MeUU  (a*  ElflcUJdty, 

ih  480). 
Paate  or  Strasa     .        •       •        .       . 

Pastinac«na 

Paata-f^Q 

Patchocilj • 

Patina .        * 

PatrJnite  (s.  Adculit^). 

Paulite 

Paulownia    .        .        ,        ,        , 

F^vieUD 

Paviia 

Pea 

Peacb  (a.  Friiit,  iL  715). 

Peacock  Copper  ore     .       .       •       » 

Pearl 

Pearl-aah 

Pearl-mica  (a.  Marg|tfit«). 
Pearl^unter .        .        . 
Pearl-spar    .•..., 
Pearl -atono  ..•,*» 
Peaalone  cr  Piaolite      •       •        •       * 
Peat     .        .  •       *       , 

Pectaae        .  *       •       * 

P^*^"*}  t*^  ^^^^  Subilanc«a> 

PectoJite 

Pecloujt  Subatjmcea  •  «  *  , 
PetUo  ....•• 
Parn|>t?ctiri  .  .  ,  ,  , 
Mc'Uiioclin    »        ,        .        ♦        . 

Poet oeic  acid 

'fctkacid    .        *        .        .        . 
PiU-ftficctic  acid     .        .        .        . 
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360 


862 


368 
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PectoQi  Sabstances : 

MeUpecticacid     .        .        .        .869 
Pyropectic  add      .       .       .       .      — 
General  riew  of  thetrmffoniiatioDa 
of  Pectin  and  the  mntiial  rela- 
tioni  of  Pectous  Sabetances       .      — 

Pvganite 870 

Peganam — 

Pegmatite — 

P^atolite  (f.  Ortboclaae). 

Pegmin         ..••••      •— 

Peiamine  (a.  Lepidine,  iii  673). 

Pelargone — 

Pelargonene  (a.  Nonylcne,  p.  184). 

Pelargonic  acid — 

PelargonJc  anhjdride  ....    871 

Pelargonic  Ether — 

Pelargjl — 

P«^>Hair — 

Pelicanite — 

Petiom — 

Pelluteine — 

Peloconite — 

Pelopium  (a.  Niobium,  p.  48). 

Pelosine — 

Pencatite 872 

Pengbawar  Djambi      ....      — 

Pennine — 

Pennite  (a.  Uydronickel-magneaite,  iii. 

212). 

PenU — 

Pentacbloroxytin  or  Pentaehloroxrlone     — 
Pentaaulpbopyrophoapbate    of    fethyl 

(8.  Bulphopnodphoric  ethers). 
Pentathionic  acid  (s.  Sulphur,  Oxygen- 

acids  of). 
Pentethylenic   Alcohol   (s.  Ethylene, 

Hydrates  of,  ii.  677). 

Pepfoh'te — 

Pepper  (a.  Piper). 

Peppermint*  camphor  (s.  Menthol,  iii. 

Peppermint-oil   (s.    Piperit^e,    Oleum 

MenthK,  p.  669). 

Pepsin — 

Peptones 878 

Per 874 

Perbromic  acid — 

Percblorates — 

Perchloric  ether 876 

Percliloroplatinocyanides  (s.  Cyanides, 

ii.  2G«). 
Perchloroquinone  (s.  Quinone). 
Pcrchlororubian  (s.  Rubian). 
Percliloroxj-naphthalic  acid  (s.  Oxy- 

naphthailc  add, ),.  813). 

Percylite 877 

Pereirino — 

Periclase — 

Periclin  (s.  Felspar,  ii.  621). 
Pcridote  (».  Olirin,  p.  201). 
Perimorphous  Crj'stAls .        .        .        .      — 
Periodic  acid  (s.  Iodine,  Oxygen -acids 

of,  iii.  307). 

Peristerito — 

Perlite  (s.  Pcarlstono,  p.  368). 

Permanent  White         .        .        .        .      — 

Permanganates  (s.  Manganic  acids,  iii 

819). 
Perofskitc  or  Perowskite       .        .        .      — 
Perowskin  (s,  Triphylin). 
Peroxides  (s.  Oxygen,  pp.  804,  309). 
Perspiration •    878 
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878 

m 
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883 
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Pemprroj-Kc  ackl  (a.  Salicylic  mad). 
Persulphidea  •         •         •        • 

Persulphoc3*anic  acid    •         •        • 
Persulphocyanogen        •         •        • 

Perthite 

Peru  Balsam  (a.  Balasma,  L  496). 

Perur  c  acid 

Pemrin  (a.  CiimyUc  aksoliol,  L  992> 

PeUlite 

Petaaite 

Petinine       •        .         •        •        • 
Petrol 

Trinitropetrol  •        •        • 

Nitropetroldiamlne 

Triethyl-nitropetioldiamiiie  • 
Petrolene  •  •  •  •  • 
Petroleum     .        .         •         •        •       .     — 

Petrosilex 886 

Petuntse       ••••••     ~ 

Petzite — 

Peucedanin  ..••••     — 

Nitropeucedanin     .         •        •       .     « 
Peucyl  (s.  Terebilene). 

Phacolite 887 

Phaconin — 

Pbaeoretin — 

PhoMMin  or  Phssosic  acid       .        •        .     — 
Pharmacocaldte  (a.  OH  vent  te). 

Pharmacolite — . 

Pharmacosiderite  (a.  Cube-ore,  ii.  171). 
Pbaseolna  (a.  Bean,  i.  524). 
Phaseomannite  (a.  Inoaite,  iii.  274). 

Pheasant — 

Phenacite  or  Pbenakite         ... 

Phenamelne 

Phenamylol,    Phenates;   Pheoetol  (& 

Phenol,  p.  891). 
Phen^te  (a.  Mnscorite). 
Phenic  add  (s.  Phenol). 
Phenidne      .... 
Phenoic  add 

Phenol        .... 
Phenates,  Metallic 
Phenates,  Alcoholic :  Aniso],  Phe- 
netol,  Phenamylol 
Phenol,  Derivatives  of . 

1.  Hromophenic  acids    •        • 

2.  Chlorophcnic  acids : 
Diehlorophenic  acici  .        . 
Trichlorophenic  acid .        • 
Pentachloroplienic  add      . 

8.  Todophenic  arids 
4.  Nitrophenic  acids: 

Nitrophenic  acid        •        • 
Isonitrophenic  acid    . 
Nitrodichlorophenic  acid   . 
Nitro-di-iodophenic  add  . 
Dinitronhenic  acid     . 
Dinitrobromophenic  add  • 
Dinitrochlorophenic  add   . 
Trinitrophenic  or  Picric  add 
Picrates,  Metallic  . 
Picrates,     Alcoholic:    Piak 

Ethers 
Picrates  of  Organic-bases 
Picrates  of  Hydrocarbons 
Ompounds  ]>rodDced  by  the  ac- 
tion uf  Ketludng  Agents  on 
the  Nitrophenic  adds: 
By  Sufpkide  of  Amnumhm  : 
Nitrophenamic,      I>initro-di- 
phcnamic  or  Amida-iiitio* 
phenic  add      .        «       •    401 
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892 
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^^^^^^^         THE  FOURTH  VOLUME. 

795      ^H 

^^^-^                                                                     pjfcOK  1 

rAQB              ^^1 

1         Ph^olENjiivaUTesof; 

PheoyUminfis: 

^^H 

406 

Propcrliea       ,        *        ,        . 
I>«compofiiiloa«      .       * 

422       ^^^H 

Picimniie,  Dinitrofihi^namie 

^iUofAniliJie      .       .        . 

^^^M 

cw     Amido-dmiiropheEiic 

Subatitution  -  derlratjyet    of 

^^^^^H 

Add.        .        .        ,        . 

_^ 

Aniline: 

^^^^^H 

Kitiwhloropbenamk     or 

I.  FomTHbrrppbrument  of 

^^^^H 

A  m  idoD  ilitxihlorophenic 

\\s       '        viLbin  the 

^^^^H 

«dd 

407 

PI:                               C        , 

^^^H 

2.  l\v    Hydriodic    acid    and 

AW^.!;..,    .  --.--l.t!        . 

^^^1 

Stammmi  Ckhride, 

Bromaiiilino    . 

^H 

Picramine  .... 

^ 

DibromaniUne. 

^^^1 

S.  Bt  Cyanide  of  Potamum, 

McUpurpuric  acid      . 
4.  By  ffitrovi  acid. 

1 

Trihrotnunilin«         ,        • 

4m    ,^^H 

408 

Axobiomopbinybmine    . 

^^^^H 

A  Ko^Ubrom  op  Lun^lacilM 

CUloropheo^'laaimo       or 

Cbhiraniitne         ,        • 

438      ^^H 

DwBonitrophenol 

•» 

^^H 

Duuodjnilrophenol     . 

^ 

^^^1 

Diajtoottrochlorophenol     . 
ApMndixto   Phenyl-derhutivti  I 
Tri-lodcrpheaic  acid 

*^ 

DicbloraniliiK. 

^H 

TrtcbloranUina        .       • 

^H 

409 

Chlorodibromftnnine 

^^1 

nic»if»l*bliin 

^ 

Azocbttirophenylamine    * 

^^H 

I'hrnoxicolic  add        ,        .        .        . 

— 

Axo<lkblorpbenyiamine  • 

^^1 

I'iienyl 

^ 

Cyanopbcnylaniine  wQf- 

^^^ 

Hrtimoph«tiyl         ,        ,        .        . 

410 

^^^H 

CliloTopheiiyl         .        .        ,        , 
NUpoptiMijfl  and  laonilroph&nyl    . 

^ 

Cyananilino     . 

443              ^H 

— 

lotlophenylamtDe  or  lo- 

^^H 

Bromoniticrpliffliyl 

411 

danilSno       .       •        * 

444             ^H 

Amiaciphenyl  or  Iknaidino    . 

— 

445              ^H 

Amidonitrophenyl 

— 

Nitropbenylamiae  or  Ni* 

^^H 

BromamidopbejiVi  or  Bromobenjd- 

traotlJne 

^^H 

ilino   ...... 

_ 

Dinitrnnilinc  «        *        • 

447              ^H 

ni.iiobenzitlinc  or  Tetnuodipbenyl 
Pk zo benzidine- an i I infi  or  Piazo* 

412 ' 

Triiiilf aniline  or  Fkni- 

^^H 

Tnid<j 

448             ^M 

dipb«n  ylena-dipbouyl  -  Utnuaide 
Phenyl,  Bromide  of      .        .        .        . 

41S 

Astorilrophcnylaminc     . 
Ij.  Derivatives   of  Aniline 

^1 

rbenyl.  Chloride  of      .        .        .       . 



forniod  by  rcplaeemeat 

^^1 

PhcnA'l,  Craoide  of      .        ,        .        » 
i'ti^ftiyl,  ifydratcof  (p.  289). 

_ 

of  the  extra- radical  or 

^^H 

tyt>ic  Hydfwgeo    .       , 
ATlylAniline     .        «        • 

^H 

Ph«nyb  Ilydridf  of,  or  Benzene   ♦ 

-^ 

^^H 

ku\'  and  Anudubcnxetied 

— . 

ArnyUnilino    « 

^^H 

5t  onobromoben  z«ne 

414 

Diamytaniline.        # 

450             ^H 

IH*,  Tri-,atid  Tetra-broiaobeiitcii* 

Ct;tyUniline     .        » 

Mori  (X 1 1  lorobcnzeno 

«* 

Ivtbyfanitine    .        . 

^^1 

Diihlorobenaene    ,        *        *        . 

415 

iricthvlflniline 

451             ^M 

Tricbloroljenzenu  ,        ,        ,        , 

Ktb>  rbromanilino    . 

MonO'io<[li>b«n£ene         .        , 

<_ 

Ethylchlorftniline    .        , 

^^1 

Broiniodobenxcne  .        «        .        , 

. — 

iJiet'hvkhlorftniline, 

^1 

Mono-  and  l>i«iutrobena«De  . 

416 

Ktbyf-allyl^aniline  . 

^itrobromob*nxcn« 

Klbyl-amy  I -aniline 
MiithyluDilinc. 

^^1 

NilrtHJibromobenscne    , 

H^ 

^^1 

Nilrotetrnbromobeiizeno        .        . 

_ 

Methyl  atiu'l  anitino 

^^1 

NitrocblortJienaene 

.^ 

Mftbyl  ethyl -aniline 

^^H 

1  Hnitrcit  hlofttbenftciic    . 



Diphenyliimino 

^1 

Trinitrocblorobenzen*!,      Trinitro- 

TaphciiyLiruino       , 

pheovlk    Cbloride,  or  Cbluro- 
picryl 

Tulyl-  or  Benzylanilijio  , 

4^1              ^1 

_ 

Vinyt-afiiiioe  . 

^^^1 

Fbonvl,  Io<!Jile  ©f  (p.  415). 

B.  Pb<?nyldiiiuune*        .        * 

4^             ^1 

rhiVvlJJx»d«of 

.. 

1,  FAktfUtiC'cnmpf^vniU  : 
\'A  hy Jene-tliplicnyl'diamine   , 

^^^H 

PheiiyK  Sulphides  of: 

^^H 

ProtoHuipliido        .        •        «        . 

417 

Etf»VJpijy-diphenyl-diethyU 

^^1 

Uisulphido 

— 

4lkiiiine       .... 

^^^1 

I'ht"nyl'Bul|diydratO  of. 

lis 

Di  t'  1 1  jy  len  chI  i  ph  ony  I  -d  laiuiiio 

^^H 

Pberivlm-tlamide 

— . 

2,   Kikijftidrn^-eunxjHyHttdM^ 

^^H 

l^iromo-,  Chlofo-  and  JJitropbenyl- 

Kthylideiic-diphcnvt-dlamino 

456              ^H 

acftantidea          .        ,        *        , 

*— 

DifthylUkne  -  diphcnyl  -  dia- 

^^^H 

Phtnyliimie  or  Anilic  acida . 

419 

mine   

^H 

riicnylamidw  or  Aniiides    * 

— 

1               3.  Phenyl .  diiimint*     cvntainiJti 

^^1 

Pheny  lam  idea  or  Anils  . 

' — 

othtr  A/dt/$^ff^radicltM, 

Phcnylaminf^s .        .        .        ,        » 

,-. 

DiiiMyhdci)e-<liph<:nyl-d»aniiD 

Q   «-          ^H 

A.  I'henyl-moiiJimiiiia  . 

■ — 

Damyhdi-ne-dipheiiyl-dia- 

Monoplitnylamiuc  or  Aniline     . 

— 

iniiitj    ..... 

^^^H 

1                       IJislory/ Forma  tion^  Pre  para- 

Dilwnayliilcnc-diphciiyl-dia- 

^^1 

^^                  Ij^n 

420 

■ 

[                  a.im  .       ,       .       , 

^^^H 

796 
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Phenylaminea : 

Bensylidene^diethyl-dlphenyl 

diamine       .... 
Diheptylidene-diphenyl-  di- 

mine   ..... 
Heptylidene-dialljrl-diphenyl 

oiainine 
HeptyKdene-dietbyl-dipheny 

dianmie 
Products  of  the  actioo  of  Cin 

Tiamie,  Caminic,  and  Salicy 

lie  acida  on  Aniline     . 

4.  Formyl-cotnpound : 
Formyl-di  phenyl -diami  ne 

5.  Aztmhenyi-dtaminea ; 
Azodiphenyl-diamine  . 
Azo-bromo>diphenyl-diamine 
Azo-dibromo-diphenyl'diamine  — 
Azo-chIoro*diphenyl-diamine  — 
Aso-dichloro-diphenyl-diamine  — 
Azo-nltro-diphenyl-diamine  . 
Azo-phenyi-naphthvl-diamine 

6.  Cyano-j^^yl-aicamne*  . 
Cyano-diphenyl-diamine      oi 

Melaniline  . 
Dibromoraelanilino 
Dichloromelan  iline 
Diniodomelaniline  . 
Dinitromelaniline  . 
Dicyanomelaniline  • 
C.  Phenyl -triamines : 
1.  Carbo-  tripbenyl  -triamine 
Appendix    to  Phenylamint$ ;    Aniline' 
ay  at: 
Aniline-black 
Aniline -blae  • 
Aniline-brown 
Aniline-g^reen  or  Emeraldine 
Aniline-purple  or  Mauve:  Mau 

veine 

Salts  of  Mauveine 
Aniline-red  or  Rosanilinc : 

Preparation 
^  l^urificatioii 

Composition  and  Formation 
Salts  of  Itosaniline     . 
Derivatives  of  Kosaniline  . 
Tri-ethyl-rosaniline 
Aniline- violets    . 
Triphenyl-rosaniline  or  Ani 

line-blue     . 
Tritolyl-rosAniline   or   Tolui 
dine-blue    . 
Aniline-yellow  pr  Chrysaniline 
Pbenylammoniuros 

1.  Containing   only  Alcohol -radi- 

cles   

Triethyl-phenylammonium 
Meth  yl-cthyl-ani}  lo-pheuylam 

monium  .... 
Elbyl-triphenyl^mmoniuni  ? 

2.  Phenyl-ammouiums  containing 

Metals : 
Antimony,  Arsenic,  and  Bismuth- 
compounds      .... 
Cmlmium,  Mercury,  Palladium, 
Tin,  and  Zinc-co'ni  pounds 

Phenyl -amy  1 

Phenyl -anisamide         .... 
Phenyl -arscnamic  acid . 
Phenyl -benzamidcs : 

Fhenyl-henzamide  or  Bcn^iianilide 
phenyl -nitrobeD^amide 
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Phenyl -bcnznmidcs : 

I'henyl-dibenzamide  or  Dibenza- 

nilide 

Diphenyl-benzamide 

Phenyl -tolyl-benzamide  or  Phenyl 

benzyl-benzamide 

Phenyl  ben'zoyl    .... 

lienzhydrol    .... 

Bcnzhydrulic  ethers 

Pbcnyl-beiizylamine     . 

Phenyl-benzylenamine 

Phenyl -bromimesa tin  . 

Phenyl-butyramide 

Phenvl-carbamic  acid  (s.  Carbomic  acid, 

i.  7'51). 
Phenyl -carbamides  (s.  Carbamides*  i. 

756). 
Phenvl-cetj'hamines  (s.  Phenytaminca, 

p.  450). 
Phenyl-chlorimesatin  (s.  Phenyl-ime- 

satins,  p.  485). 
Phenyl -chlorocyanamide   (s.  Phenyl- 
amines,  p.  442Y 
Phenyl-cinnamide    («.   Cinnamide,    i. 


Phenyl-citraconamides   (s.  Citraoonic 

acid.  Amides  of,  i.  993). 
Phenyl-citramides     (s.     Citric     ftcid* 

Amides  of,  i.  1000). 
Phenyl-diamines  (s.  Phenylamimss,  p. 

454). 
Phenylene-diamine 

Nitrophenylene-diamine 
N  itrophenylene-oi  amide 
Nitrophenyleiie-oxidiamic  acid 
Azophenyiene- diamine  . 
Azobromopfaenylene-diamine 
Azodibromophenylene-diamine 
Azochlorophenylene-diamine 
A  zo-iodo-pheny  lene-diamine 
Azo-nitro-phenylene-diamine 
Azonitrophenvlentc  acid 
Phenyl -disulpho-Jiainic  acid  (a.  Sal< 

phamic  Etners). 
Phenjl-ethyl         .... 
Bromophem-l -ethyl 
Nitrophenyl- ethyls 
Phenyl-ethvlamines  '(s.  Phenylaminea, 

p.  450).  " 
Phenyl -formamide  (s.  Formamide.  vL 

682). 
Phenylic  acid  (s.  Phenol,  p.  389). 
Plienylide  of  Benzoyl  (s.  Phenyl-ben- 
zoyl, p.  478). 
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1.  Kinovous  add        .        .        .  650 

2.  Resin  0'*H*W      .        .        .  — 
Piney  Tallow       .     "  .       .       .       .  — 

Pinguite — 

Pinic  acid •  — 

Pinicorretin -*- 

Pinicortannic  acid        .        .        <       .  651 

Pinipicrin — 

Pinitannic  acid — 

Pinite 652 

Pinitold — 

Pinolin 653 

Pinns    .......  — 

Piotic  and  Piotous  adds       .        .        .  — 

Piper — 

Piperic  acid  ......— 

Hydropiperic  add ....  654 

Piperidine 655 

SalU  of  Piperidine        .        .        .656 

Piperyl-sulphocarbamate  of  Piper-  ^ 

yiene-ammonium       .        .        .  — 

Methvl-piperldine .        .        .        .  657 

Ethyl- piperidine    ....  657 

Ajnyl-piperidine    .        ,        .        ,  — 

Benzopiperide        ....  — 

Cumyl-piperide     ....  — 

Piperidine-urea  (s.  Carbamides,  L  757). 

Piperine — 

Salts  of  Piperine    .        .        .        .659 

Piperita,  Oleum  Mentha     ...  — 


FAOB 

Pipe^lene-carbamide  (a.  Cart»inld%  I. 

Pipervlene-aalphocartMunic  acid  (s.  Pl- 
pendine,  p.  656). 

Pipestone 659 

Pipett6 — 

PirenjBite 

Pirope  (s.  Pyiope). 

Pisifite        ......— 

PisoUte  (s.  Pea-stone,  p.  860). 

Pissophane 660 

Pistada — 

Fistadte  — 

Pistomesite  (s.  Mesitfai-q>ar,  tiL  9281 

Pitch — 

Pitch,  Mineral  (s.  Bitamen,  L  600). 

Pitchblende 

Pitchstone    ......      -^ 

Pitchy  Iron-ore -« 

Pitkilrantite .  .       .  •     .        .      — 

Pitoyiae 

Pittacal ^ 

Pitticite 661 

PitUnite — 

Plagionite 

Planerite 662 

Plantago 

Plants,  Chemistry  of  (s.  Fhytochemis- 
tty,p.686). 

Plasma — 

Plasmin — 

Plaster — 

Plaster  of  Paris » 

PlaUAzul 

PlaU  Verde » 

Platammonhim    ....... 

Platarsenethylium  (s.  Anenk-ndklea. 

Organic,  L  400> 
Platina 
Platinie  and  Platinoos  Gomponndf  (fw 

666). 
Platinum : 

Sonrces  and  ExtractioD 

Properties  .....  664 
Spongy  platinum  •  •  •  665 
Platinum -black 

Uses  of  Platinum  . 
Platinum,  Allocs  of  . 
Platinum,  Antimonide  of  •  •  •  667 
Platinum,  Arsenide  of  • 
Platinum,  Boride  of  . 
Platinum,  Bromide  of  . 
Platinum,  Carbide  of  . 
Phitinun,  Chlorides  of: 

Platinous  Chtoride 
Chtoroplatinitea        .       .       .    668 

Platinie  Chloride  . 
Chloroplatinates        ...    669 
Platinmnr  Cyanides  of  (s.  CymfildML  & 

260). 
Platinumr  DeiectioB  and   v^Sm^tlfln 
of: 

1.  Blowpipe  Reactions  • 

2.  Reactfons  in  Solution 
8.  Estimation  and  SeparaUoo       .    670 
4.  Atomic  Weight  of  Platinom 

Platinam,  Fluoride  of  , 

Platinum,  Iodides  of    .       .        .        .671 

Platinum,  Nitride  of 

Platinum,  Oxides  of 

Platinous  Oxide 

Platinie  Oxide 
Platioatas 
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PlAtiniiiiif  Oxygtti-itlti  of 

PkUnoui  Jfitrit«» 
P1«tlaaiii«  Phospbide  of 
Platinitm,  Scl€iiid«  of  . 
PfAiinum,  SiUddo  of  . 
PkLmum,  Silicofiiiond«  of 
Platiftum,  Sulphide*  of 
PlmiriDni,  Sujphocy&nalat  of  (s,  SuU 

pbocyioate«). 
Pltlianro-lMiaei,  Ammoaiaoi] : 

L  Dt»iDmoDio  -  platioous     Com- 
poaodi       .       .       .        ,        , 
1,  TetrammoniO'plaUDOtu    Com- 
pouDdH        .        .        .        .        . 

3.  Diftramomo-pIalinJ<.'Coinpounfla 

4.  Tetrammonio  >  platioic      Cois* 
poan^lt        .        ,        ,        <        ' 

fi,  OcUmmonio  •  diplAtimc    Com* 


rAOK 

C7J 


C73 


675 
676 


Tbtorlet  of   the  Conftitation   of 
Ibe       Ammoiiiacal       Platinmo- 
compounds  .        .        .        , 
Platintim-bftjes,  Organic 
Ptatituim-black  (p,  666). 

PhiiniiTn-ora 

Meihoda  of  aiuUysing  it : 
Clauf'i  Method  .... 
DeviUe  and  Debmy'i  Method    , 
Comniercial  Artay. 
Analysis  of  PlatiRum-realdties 
Analysis  of  OtmiiidiuiD  * 
PUtinumriBidiifli  (p.  663). 

PUtiimro-ffpofi^ 

PUtosamlne 

PI  ritoae  thy  1  amine— PUtotopyridine     , 

Pluttncrilo 

Pleonxiflt        *,,♦,, 
P]«iirocIase  («.  PhoaphatCA,  p.  5G0). 
Plinian  (a*  Mispickel,  iii.  1026) 
PZocaHa       ...... 

Plombgommt  (a  PZtimbor«sioite). 
PlombiedB  («.  Bar«giQ«  L  ^9)« 

Plombierito 

PliiiJi  (8»  Pmnua). 

Plambagia 

Plumbago  (9,  Carbon,  L  758), 
PIumb4!thyU(s.  L«ad-radid«B,  Organic, 

iii.  561  > 
Plumbic  ochre  ,        .  . 

PlumhocalcUe       .         .        .        •        . 

Plumboreainita 

Plumbostib  (t.  BoalaDgsdtag  L  6^1). 
Plumosita  fa,  HetwomorpliiU^  iE  XSl). 
Piieuinatic  Tnmgh  (a.  GaiM,  ColloctioQ 

of.  ii  8D«), 

Pneumic  acid 

Polarisation,  Electrical  (s.  Electridty, 

il  8&9,  AW\ 
Pohuisation,  Magiietic  (a.  MagDetinn. 

Hi.  767,  768). 
Polartaatioti  of   Light  (s.  Light,  UL 

66-2). 
Pol*y-oil       ...... 

Polianite 

Poliojic  >  .,».,, 
PuHshing  Powdar  .... 
Polish iig  Slate     ...        *        . 

Polltix 

PrjIyaddphJCe        «...         * 

Polyargjta 

Polybaaite * 

Polych  rest  ^  salt 

Polyclirollita 

Vol.  IV. 


677 


678 
670 


680 
68t 
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083 
084 


685 


686 


687 


3F 


Polychrolta  f  1.  Safirioiii). 
Polychrome  (i.  Aetciiliii,  L  60). 
Polychromic  or  Polychromatic  add  (a. 

Aloetic  add,  L  U'S). 
Polycrate  (a  Niobium,  p.  57). 
Polyethylanic  Alcohols  (a.  Ethylene^ 

lljdmtet  of,  ii  676) 
Pol^galic  acid   or  PolygaUn  (a.  Seii«' 

ein). 

Polygamarin 687 

Poljwonam  fagopyrom  (a.  Backwheat, 

Pol vgly eerie    Alcoholi   (a    Glyeeryi, 

Mrdrates  of,  11  894). 

Polyhalita — 

Polylactyl-compouadfl  (1.  Laclk  Add 

and  Ethert,  uL  461^464). 

Polyhte ^ 

PoiymeHam ^ 

Polymjgnite »        ,..,.— 

Pofvmorphiam ^ 

Poly  silicic  acida  (s.  Silicates). 

Polj'spherite -^ 

Polvterebenes        »        .        .        •        .      — 
Polytelite  (a.  Tetrabednte). 
Polythionio  acids  (a.  Sulphur,  Oxygen - 

acids  oO' 

Pol^Ttene 688 

PoBipbolyx  ....  .      — 

Pongamia     .♦..-.— 
Poooahlite    ,  .      — 

Foplar-budA .  .      — 

Popl^y  .  .      — 

Poppv-oil      ......    680 

Popdiiii         ......      ^ 

Porcelain 69a 

Porcalain-dar  (a  Clay,  i.  1024V 
Porcelain,    R«aumur*a    (a.    Glaaa,    iL 

844). 
Porcelain -spar  (s.  Scapolita) 
Porpezite      .        .        . 
Forphyric  add 

Oxyporphyric  acid  .  ,  .  691 
Porpbyrite  . 
rorph}*roxia 
Porphyry  . 
Forpoiae-oil . 
Porporino 

Porter  (s.  Beer.  L  529,  588). 
Fortite  .... 
Forthind  Cement . 
Portland  Stone     . 
PortugallO'Oil 
Potatnogeton 

Potash »        .    69^ 

PoCaahea 

Potaah'lime . 

Potosa  or  Potaaaa . 

Potaaslum 

Potaaaiumi  Alloya  of    .        .        .        .695 

Potaastum,  Amidea  of  . 

Fotaaaiam,  An timontde  of  (a  Antimony, 

i.  817). 

Potjuniim,  Araetiide  of         ...    696 
Fotaaaium,  Boride  of?  . 
Potaaaiom,  Bromide  of. 
Fotaaaiam,  Carbide  of? 
Potassium,  Carboxide  of 
FotaaaLum,  Chloride  of .        .        .        .    697 
Heotichloride   or   Sut>chloride  of 
P^rtaasiiim.        .  .        .698 

Potaaaitlov  pyanide  of  (s.  Cyanides,  IL 

2^}, 
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PoUasiam,  Detection  and  Eftimation 
of: 

1.  Reactions  in  the  Dry  way 

2.  Reactions  in  Solution 
8.  Estimation  and  Separation 
4.  Atomic  Weight 

Potassium,  Fluoride  of. 
Potassium,  H^rate  of 
Preparation   . 
Properties 
Reactions 
Potassium,  Hydride  of? 
Potassium,  Iodide  of     . 
Potassium,  Nitride  of  . 
Potassium,  Oxide  of     . 
Potassium,  Phosphide  of 
Potassium,  Selenides  of 
Potassium,  Silicide  of  . 
Potassium,  Sulphides  of 
Liver  of  Sulphnr     » 
PoUasium,  Sulpliac^rbonat*  of  (!»  Sal 

phocarboD  atci). 
Fotassi  am ,  S  ulpbocyanate  of  (i.  Sol  |}ho  - 

cyanates), 
Potaialumf    Sulphomolvbdate    of    (& 
Molybdenum,  Sm I phiife«  of,  iii  1044\ 
Fotawmn,  Salpliopbo!iphate»  and  Sul'- 
phophoapliite  of  (a^  Pho.^pbcims,  Sul* 
phideA  of/pp.  603,  604). 
Potassium  J  bulphotungatate  and  Siil- 
phovaDSdAte  of   (e.  TatigBten   and 
Vanadjiutn,  Sulpbides  of), 
Fotnssium^  Bulpbydrate  of  .        ,        «      — 
Fotaraiujii,  Tellitride  of        .        ,        »      — 
PotaMJiini^eibjl  and  Potasainm  •methyl    709 
Fotasiiiiin-BaltA,  MAUufoiCture  of  .        ,      — > 
J,  Manufiicture  ofFotoiialnm-carbO'' 
Dato  frcim  the  onbes  of  Timber 
and  of  Land^pUnu  in  general    .      — 

1.  Potash  from  tbeash  of  For^t- 
timber    .....    718 

2.  Potaab  aji  a  bye>pToduct  from 
tbe  manufacture  of  Beet-root 
and  Cane-^aa^ar  .     712 

8.  Sulphate  and  Cirbooata  of 
Potaaaium  aa  bye-pronlucts  in 
the  manufacture  of  Tartaric 
acid 718 

II.  From   the   Ashes   of  Marine 

Plante     .....    714 

III.  From  ^ea- water,  firine -springs 
and  SiiUne  DepoiBiLa ; 

1.  From  S«a* water  .        .716 

2.  From  lirine'flprine:!       .        .    717 
8.  Preparation    of    Fotassium- 

chloride  from  the  Salt-beds  of 
Stassfurt         .        .        .        .718 

IV.  From  Felspar  and  other  Sili- 
cates        719 

V.  Potash  from  Wool    .  .720 

Potato — 

PoUto-fiit 728 

PoUto  fusel-oil  (a.  Fusel-oil,  ii.  763). 

Potstone — 

Potter's  CUy  (s.  Clay,  i.  1024). 

Potteiy.        .        .        .        .        .        .728 

Ponnxa         — 

Pourprite — 

Powder  (s.  Gunpowder). 
Powder  of  Algaroth 

Poszuolana 724 

Prase — 

Praseo-cobalt _ 


Praseolite 

Prasin  .... 

Prasochrone 

PrecipiUte    . 

PrecipiUte,  White 

PrecipiUte,  Red    . 

Predazzite    . 

Pregrattite   . 

Prehnite 

Prehnitdd    . 

Primula 

Primulin 

Prince's  Metal 

i'dfltinz.  Chemical 

Limograpby  . 

Chromrilithography 

Zincography  . 
Prop  alanine 


Propafg-Tlic  Ether 
Prophetic -IB 


rafii 

.    721 


phetic -refill     .. 
PropioDftmide 

Dichloropropiotiaiaide 
Propione       .        . 
Propionic  acid 

Propionates    . 

BrDmoproptoniis  add 

Chkropropionic  acid 

Indopropionic  aeid 

Njtropropionie  aci<l 
Propionle  Aldehyde 

Tribromopriopionic  Aldehyde 

Fetitai^bloroproptonic  Aldehyde     . 
Propionic  Etbera  .         .  .         -        . 

Propionitrile.         .         ,         .         *         . 

Dicbtompmpioiutrile 
I*ropyl  or  TVityl    .         .  ,         ^        . 

Propylamitie  {a.  Trityl&miDe^ 
ppop^vltne  (n.  Tritvleiie). 
Propjlic  Alcohol^  fether,  &tu  (a.  IWtylic 
Alcohol,  Ether,  &c.). 

Prosopite 

Protagon 

Protein 

Protbeite  (s.  YeauTian). 

Protic  acid 

Protobastite 

Protocatechuic  acid       .... 

Proto-compounda 

Protogine 

Proustite      ....... 

Provence  Oil 

PrunelleSalt 

Prunnerite    ...... 

Prunns.        ..•-.. 

Prussian  Blue 

Prussic  add  (s.  Cyanide  of  Hvdnffen. 
ii.  214).  ^ 

Prussin 

Przibramite 

Psatyrin  (s.  Hartin,  iii.  14). 
Pseudo-acetic  acid  (a.  Bntyracetic  add. 

ii688). 
Pseudo-albite  (a.  Andeain,  i  291). 
Pscado-alkarmn  (a.  Anchnfin^  i.  2t 

Pseudo-apatite 

Pseudo-butylic  alcohol  Ca.  Tetrylic  al- 

P&t' u  iJo-ch  ryaolt  te . 

Psf^udo-eernln  -  •  .  .  , 
rieudo-cararine  •'.'.[ 
Pjeado-diallvl^al^obol  (a.  Diallyl-com- 

pounds,  in  AppendiJi). 
Pieudo^eiytbrin    ..... 
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785 
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740 
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PMiida-he^yl*glyeol»  j  Alcoholi). 

Pi«nda>Ubetliefiiie  (§.  Pho«t»bAte«,  d. 

F«FiadO'mA)«cfait«  (p.  d$l), 
Pteudom€ir|ih        *        .        «        ,        .     744 
pAi*tidomarphinf(9,  Morp^hmo^ili  lO&n. 
Paeado^QtciD    (a.    ErythrctmAjiEitto  u. 

PwndoDrQpylJe    Alcohol    (9.   Tritylic 

Alajbi-li)' 
pKudophitfi  .,,,,.— 
Pw?ud.>-purpurirt  (a.  PajpuHii), 
Pi»'uJo-t^iiarUite  »  .  ,  ^  .  — 
PA^udii  qitiaide  .  .  *  ,  .  — 
Pieudo-ac«arf}pl«ii«A  .  ,  *  .  — 
Pwado-Btealiia  ,.,,,.— 
Wwvadmal^hQcyKttog^fx  (s.  Pennlpho* 

PteadoUlcite        .        .  .      — 

Pseadotoxine — 

pMudotriplite — 

Pteudoveratrine 745 

Psendo-aric  acid — 

Pnlomelane — 

Paoralea — 

Pteleic  acid — 

Pteleyl  (s  Meaityl,  m.  929). 

Pteritannic  acid — 

Ptyalin 746 

J'tvchotia — 

Pucciae — 

PuddliDff  (8.  Iron,  ill.  347). 

Pumice  (a.  Obsidian,  p.  169). 

PulaatilU      ......— 

Punahlite  (a.  Poonahlite,  p.  C88> 

Punica 

Punicin — 

Purple,  Aniline — 

Purple  of  Caasiua — 

Purple  Copper  (a.  Copper,  Suiphidea  of, 
ii.  78). 

Purple  Cniorin — 

Purpuramide  (a.  Purpurein). 

Purpuratea 

Purpurate  of  Ammonium,  or  Mu- 

rexide 747 

Purpurate  of  Potaasinm,  Sodium, 

&c 748 

Isopurpurmtei        ....      — 

Metapurpurilea  «        •        .      — 

Pitrpitrcli)      ..,».._ 
PurpureocobaU  (a.  Cobitll-boaea,  Am- 
nion iaealf  L  1052). 
Purpuric  acid  (s-  PuTpEinjies), 
Purpurin       ......    749 

Purpurino  (a.  Porporino^  p.  691). 

Purree 

Purreic  acid  (a.  Euxanthic  add.  iii 

609). 
Purennone  (a.  Euzantbone,  ii.  690) 

Pu« 751 

Puachkioite 752 

Putrangira 

Putrefaction  (a.  Fermentation,  ii  628).      — 

Pycnite ,      _ 

I^cnometer 753 

Pycnotrope  (a.  Serpentine). 
Pjin  ) 

Pyocyanin     V(a.  Pu8> 
PyoxanthoaeJ 


Pyraconitic  acid  (s.  Ttaconic  acid,  iii. 
485). 

Pyrallolite 

Pyrantimonite 

Pyrargillite 

Pyrargyrite 

Pyrelain 

Pyienaite 

Pyrene 

Pyrethrin 

Pyr^fom 

Pyndine 

iMitiiiofiTriiUiie  and  Platosopyri- 

diisfi  r 

Ethyl-pyridine      .... 
Pyrit«i  ,.,*,,, 
Pym-acfltic  Spirit  (a.  Acetone,  i.  26). 
PyroftH  Sflric  add  (i.  Ph  tlialic  Anhy  dride, 

p.  631). 
T'vr<ib«ii£otine  (i,  Lophtne,  iii,  738). 
PjroeatttpbrBtlc  acid      «        .        ,        . 
PyrDcatechin  (t.  Oxypheoic  acid,  p.  81  uj 
Pyroehlore    ...»*, 
Pyrocitric  addd    »        *        .        .        ^ 
Pyruchroil0  ,..*.. 
PVitKlaaJM   ...... 

Pyrocontemc  acid  (s.  F^roiiieconic  add, 

p.  760 1 
Pyrocofiloe   ..*.,, 
Pyrodexrdn ,        .        g        ,        .        * 
PvTiMlraiiHte  (a,  Pyrotmaltte^  p.  "71)* 
Pyro^a3kl»  •        .         .        , 

PyrogiiJlic  add     .... 

P>Th>gBll  .  ,  ,  ,  ^ 

Pyroglude  acid  fa  Pytadextriii)< 

I'yToglyctrJn  (^  Diglyc^fin,  iL  fPfi). 
I  *  V  fog  I  vc  ida  (  M  e  tay  lycisrtn,  ii*  895^ 
pTrotfnoiiiic  Mineral^  . 
Pyroguaiacic  add  (Gualacolt  ii»  946), 
Pyrogtuuaeiu  (a.  Guacaiitin,  ii«  94^), 
PytJa  .        .        . 
Py?o)dc  add         .        .        •        • 
Pyrollgnenui  add         .        « 
Pyro]ini>(BL  Pyrrol)* 
PyralitbofeUic  add        •        ,        » 
FyroHviiic  add     *        .        •        * 

P^^TOJUHllJi      .  .  »  ,  . 

PyromaJic  acid  (9.  M»ldcj  add,  iiL7St)» 

Pyromaric  ajtid     .        •        •  • 

Pyrom^i'-ciiiic  ucid         ,        ,  . 
Or»iiiifpyrarocc«Dio  add 

hklopyruuieconic  acid   *  • 

Pyrumeljue  .        •        •        .  « 

I'yromellitlc  add  .        .        <  • 

Pyronieriiie  g        •        #        •  « 

I'vroiiieter    .        ,        .        .  . 
Fyroiiioriiitannic  add  (t,  Ozyplianic 

Add,  p.  815), 

Pyromofpbit^        •        •        •  .        , 
F-yroQincamidc  (p.  7tt4), 

Pyromucic  jidd    .         .        ,  ,         , 
Apf*tntiix  to  P^romuas  scid : 

Mncubrcunic  udd        *  •        • 

Mucochloric  !idd        ■  .        . 

Mn€ODicadd  .  • 

Py  romadc  add,  A  (sides  of: 

1.  PyromucAmide . 

2.  Cirbopyrrolic  acid     . 

3.  Di^iytuiimcatiinits  or  Carbopyrrol- 
anii't'^ 

I*3rromucic  Alcobol      .... 
Pyromucic  Chloride      .... 
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PyroDincio  Ethers : 

Ethylic  Pjromacate 

Chloropjromucic  ether 
Pyrope. 

Pyropectic  acid     . 
Pyrophoms  . 
Pyrophosphamic  acids : 

1.  Pyrophoephamic  add 

2.  Pyrophosphodiamic  acid  . 

3.  Pyrophosphotriamic  add  . 
Pyrophosphoric  add  (s.  Phosphonu» 

Oxygen-acids  of,  p.  689). 
Pvrophyllitc         *..... 
Pyropbysalite  (s.  Physalite,  p.  6d4). 

IVrapin 

Pyropissite 

Pyroquinol  (s.  Hydroqninone,  iii  218). 
P\Toracemic  acid 

Pyroracemates       .        .        .        . 

rt  l»yroraoeTOic  add 

Pyroreti'n 

Pyrorthite  (s.  Orthiie,  p.  287). 
Pyrosderite 

Ktemmererite        .        .        .        . 

Hbodochrome        .        .        .        . 

Pyrosmalite 

Pvrosorbic  add  (s.  Maleic    add,  iii. 
'    784). 

Pyrostearin 

Pyrostibite  Xs.  Kermeaite,  iii  446). 
Pyrotartaric  acid 

Pyrotartrates        .        .        .        . 

Dibromopyrotartaric  adds    . 
Pyrotartaric  Anhydride 
Pyrotartaric  Ethers     .        •       •        • 
PS'rotartranil 


PAOB 

765 


766 
767 
768 


769 


770 


771 


772 
778 
774 


P3rrotartranilic  add 
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^  SYSTEM  OF  SURGERY, 

Theoretical  and  Practical,  in  Treatises  by  various  Authors.  Edited  by 
T.  Holmes,  M.A.  Cantab.,  Surgeon  and  Lecturer  on  Surgery  at  St 
George's  Hospital,  Surgeon  to  the  Hospital  for  Sick  Children. 

Vol.  I.  General  Pathology,  21/. 
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Hospital  With  nearly  400  large  WoodcuU  from  Original  Drawings,  from 
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j  Medallion  and  Facsimile,  48^. 


OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND 

COMPARATIVE. 

By  John  Marshall,  F.R.S.,  Professor  of  Surgery  in  University 
College,  London ;  Surgeon  to  the  University  College  Hospital  With 
122  Woodcut  Illustrations.     2  vols,  crown  8vo,  32J. 


PHYSIOLOGICAL  ANATOMY    AND   PHYSIO- 
LOGY OF  MAN. 

By  Robert  B.  Todd,  M.D.,  and  William  Bowman,  F.R.S.,  of  King's 
College.     With  numerous  Illustrations.     Vol  IL  8vo,  2$/. 

Vol.  I.    New  Edition  by  Dr.  Lionel  S.  Beale,  F.R.S.,  in  course  of 
publication.     Part  I.  8vo,  with  8  Plates  (4  coloured),  yj.  6</, 


(COMPARATIVE    ANATOMY    AND    PHYSIO- 
LOGY OF  THE  VERTEBRATE  ANIMALS. 

By  Richard  Owen,  F.R.S.,  Sunerintcndent  of  the  Nat.  Hist  Depart- 
ments, British  Museum.      3  vols,  ovo,  with  above  1,200  Woodcuts. 
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f^ISTOLOGICAL  DEMONSTRATIONS ; 
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the  substance  of  Lectures  delivered  by  G.  Harley,  M.D.  F.R.S.  Prof,  in 
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COPLAND'S    DICTIONARY    OF    PRACTICAL 

MEDICINE, 

Comprising  Special  Pathology,  the  Principles  of  Therapeutics,  the  Nature 
and  Treatment  of  Diseases,  Morbid  Structures,  and  the  Disorders  especi- 
ally Incidental  to  Climates,  to  Races,  to  Sex,  and  to  the  Epochs  of  Life  ; 
with  an  Appendix  of  Approved  Formula.  The  whole  forming  a  Digest 
of  Pathology  and  Therapeutics.  Abridged  from  the  larger  work  by  the 
Author,  assisted  by  J.  C.  Copland,  M.R.C.S.,  and  brought  down  to  the 
present  state  of  Medical  Science.     8vo,  price  36/. 


LECTURES     ON     THE     PRINCIPLES     AND 

PRACTICE  OF  PHYSIC. 

By  Thomas  Watson,  M.D.  Physician-Extraordinary  to  the  Queen.     New 
Edition,  preparing  for  publication. 


LIFE    OF    SIR    JOHN    RICHARDSON,    C.B., 

LL.D,  F.R.S.,  &c.,  sometime  Inspector  of  Naval  Hospitals  and 

Fleets. 

By  the  Rev.  John  McIlraith,  Minister  of  the  English  Reformed  Church, 

Amsterdam.     Fcp.  8vo,  with  Portrait,  5J. 


ELEMENTS  OF  PSYCHOLOGY: 

Containing  the  Analysis  of  the  Intellectual  Powers.     By  J.  D.  Morell, 
M.  A.,  LL.D.     Post  8vo,  7/.  (>d. 


p^  INTRODUCTION  TO  MENTAL  PHILOSOPHY, 

On  the  Inductive  Method.     By  the  same  Author.    8vo,  I2x. 


I  ^HE    HISTORY    OF     PHILOSOPHY     FROM 

'  THALES   TO  COMTE. 

!  By  George  Henry  Lewes.     Third  Edition,  partly  rewritten  and  greatly 

;  enlarged.     2  vols.  8vo,  jOf. 
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fHE  EMOTIONS  AND  THE  WILL: 

Completing  a  Systematic  Exposition  of  the  Human  Mind.  By  Alexander 
Bain,  M.  A.,  Professor  of  Logic  in  the  University  of  Aberdeen.  Second 
Edition,  revised.     8vo,  15J. 

y HE  SENSES  AND  THE  INTELLECT. 

By  the  same  Author.  Second  Edition,  with  numerous  Emendations. 
8vo,  15X. 

QN  THE  STUDY  OF  CHARACTER: 

^^^     Including  an  Estimate  of  Phrenology.     By  the  same  Author.     8vo,  9/. 


JYJENTAL  AND  MORAL  SCIENCE: 

A  Compendium  of  Psychology  and  Ethics.    By  the  same  Author. 


^N  EXAMINATION  OF  SIR  W.  HAMILTON'S 

PHILOSOPHY, 

And  of  the  Principal  Philosophical  Questions  discussed  in  his  Writings. 
By  John  Stuart  Mill,  M.P.  for  Westminster.  Third  Edition.   Svo,  idr. 

A     SYSTEM    OF    LOGIC,    RATIOCINATIVE    AND 

■^^    INDUCTIVE; 

Being  a  Connected  View  of  the  Principles  of  Evidence  and  the  Methods  of 
Scientific  Investigation.  By  the  same  Author.  Sixth  Edition.  2  vols. 
Svo,  price  25X. 
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LECTURES  ON  SURGICAL  PATHOLOGY. 

Delivered  at  the  Royal  College  of  Surgeons  of  England.  By  J.  Paget, 
F.R.S.,  Surgeon-Extraordinary  to  H.M.  the  Queen.  Revised  and  Edited 
by  W.  Turner,  M.B.     New  Edition,  preparing  for  publication. 
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J^  TREATISE  ON  THE  CONTINUED  FEVERS 

OF   GREAT  BRITAIN. 

By  C.  MuRCHisoN,  M.D.,  Senior  Physician  to  the  London  Fever  Hos- 
pital    8vo,  with  Coloured  Plates,  i8/. 

PLINICAL   LECTURES    ON    THE   DISEASES   OF 

THE  LIVER. 
By  the  same  Author.     8vo,  with  Illustrations.  \_Nettrly  ready. 


CLINICAL    RESEARCHES    ON    DISEASE    IN 

INDIA. 

By  Charles  Morehead,  M.D.,  Surgeon  to  the  Jamsetjee  Jeejeebhoy 

Hospital.     Second  Edition,  thoroughly  revised.     Svo,  21/. 


gT.  BARTHOLOMEW'S  HOSPITAL  REPORTS. 

Edited  by  Dr.   EDWARDS  and  Mr.  Callender.     With  Illustrations  in 
Lithography  and  Woodcuts.     Vols.  L,  IL,  and  III.    8vo,  7/.  dd.  each. 
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EPIDEMIC  DIARRHCEA  AND  CHOLERA; 

Their  Pathology  and  Treatment:  with  a  Record  of  Cases.  By  George 
Johnson,  M.D.,  &c.,  Physician  to  King's  College  Hospital.  Post  8vo, 
price  7/.  dd. 


CLINICAL    ILLUSTRATIONS     OF    VARIOUS 

FORMS  OF  CANCER, 

And  of  other  Diseases  likely  to  be  mistaken  for  them ;  with  cspedal  refer- 
ence to  their  Surgical  Treatment.  By  Oliver  Pemberton,  Surgeon  to 
the  General  Hospital,  Birmingham.  Imp.  4to,  with  12  Plates,  l/.  Ii/.  dd. 
Plain,  or  2/.  2/.  coloured. 


J^ODENT  CANCER; 

With  Photographic  and  other  Illustrations  of  its  Nature  and  Treatment. 
By  Charles  H.  Moore,  F.R.C.S.,  Vice-President  of  the  Royal  Med. 
and  Chir.  Soc  of  Lond.,  Surgeon  to  the  Middlesex  Hospital  and  to  St 
Luke's  Hospital  for  Lunatics.     Post  8vo.    dr. 


6  IV'ORA'S   OX  MEDICINE,   SURGERY^    drv. 

QN  CANCER:  ITS  ALLIES   AND   COUNTER- 

FEITS. 

By  Wreden  Cooke,  Surgeon  to  the  Cancer  Hospital  and  to  the  Royal 
Free  HospitaL     With  12  Coloured  Plates.     8vo,  i^r.  M. 


CLINICAL    OBSERVATIONS     ON     DISEASES 

OF  THE   HEART  AND  THORACIC  AORTA- 
By  Peyton  Blakiston,  M.D.,  F.R.S.     Post  8vo,  6s.  6r/. 


TPUBERCLE,    THE   NATURE    AND    AFFINI- 
TIES OF. 

Being  the  Gulstonian  Lectures  for  1S67.    By  Reginald  Southey,  M.D., 
Assistant- Physician  to  St  Bartholomew's  HospitaL     8vo.     fj*. 
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ELEMENTS   OF   PROGNOSIS    IN    CON- 

SUMPTION  ; 

With  Indications  for  the  Prevention  and  Treatment  By  James  Edward 
Pollock,  M.D.,  &c  Physician  to  the  Hospital  for  Consumption  and 
Diseases  of  the  Chest,  Brompton.     8vo,  with  4  Illustrations,  14/. 


fJYSTERIA ; 


Remote  Causes  of  Disease  in  General ;  Treatment  of  Disease  by  Tonic 
Agency ;  Local  or  Surgical  Forms  of  Hysteria,  &c.  Six  Lectures  delirered 
to  the  Students  of  St.  Bartholomew's  Hospital.  By  F.  C  Skey,  F.R.S. 
&C.  Consulting  Surgeon  to  St  Bartholomew's  Hospital.  Second  £Ulition. 
Crown  8vo,  5^. 


QN  THE  PATHOLOGY  AND  TREATMENT 

OF  ALBUMINURIA. 

By  W.  H.  Dickinson,  M.D.  Cantab.  Fellow  of  the  College  of  Physicians, 
Assistant  Physician  to  St.  George's  Hospital  and  to  the  Hospital  for  Sick 
Children.     With  10  Plates  (5  coloured)  and  13  Woodcuts.     8vo,  14X. 
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QN    THE    SURGICAL    DISEASES    OF     THE 

TEETH  AND  CONTIGUOUS  STRUCTURES,  WITH 
THEIR  TREATMENT. 

By  S.  James  A.  Salter,  M.B.,  F.R.S.  Dental  Sui^geon  to  Guy's  Hos- 
pital. [Nfarfy  ready\ 
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INJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 

LIDS  ; 

Their  Immediate  and  Remote  Effects.  By  George  Lawson,  F.R.C.S. 
£ng.  Assistant  Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moor- 
fields,  and  to  the  Middlesex  HospitaK     8vo,  with  92  Woodcuts,  12s,  (xi. 


A  PRACTICAL  TREATISE  ON  THE  DISEASES 

OF  THE   EYE. 

By  William  Mackenzie,  M.D.     Fourth  E<lition,  revised  and  enlarged. 
8vo,  with  Plates  and  Woodcuts,  30;. 


QN  SPINAL  WEAKNESS  AND  SPINAL  CUR- 

VATURES  ;  their  Early  Recognition  and  Treatment. 

By  W.  J.  Little,   M.D.,  &c,  Founder  and  formerly  Senior  Medical 
Officer  of  the  Royal  Orthopcedic  Hospital.     8vo,  with  10  Woodcuts,  5^*. 
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'X'HE    DIAGNOSIS    AND    TREATMENT    OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  Hospital, 
Vice-President  of  the  Obstetrical  Society  of  London.  Second  Edition, 
revised,  and  for  the  most  part  re- written;  with  116  Illustrations  engraved 
on  Wood.     8vo,  24/. 


EXPOSITION   OF    THE    SIGNS    AND    SYMP- 

TOMS   OF   PREGNANCY: 

With  some  other  Papers  on  subjects  connected  with  Midwifery.  By  W.  F. 
Montgomery,  M.A.,  M.D.,  M.R.LA.  8vo,  with  Portrait,  6  coloured 
Plates  comprising  25  Figures,  and  48  Woodcuts,  25/. 
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OINTS  TO  MOTHERS  FOR  THE  MANAGE- 
MENT OF  THEIR  HEALTH  DURING  PREGNANCY 
AND   IN   THE   LYING-IN    ROOM: 

With  Hints  on  Nursing,  &c.     By  Thomas  Bull,  M.D.     New  Edition, 
revised  and  enlarged.     Fcap.  5/. 

THE  MATERNAL  MANAGEMENT  OF  CHILDREN 
IN   HEALTH  AND   DISEASE. 
By  the  same  Author.     New  Edition,  revised  and  enlarged.      Fcap.  5/. 


T^HE 


SURGICAL    DISEASES    OF    INFANCY 

AND  CHILDHOOD. 

By  T.  Holmes,  Surgeon  to  the  Hospital  for  Sick  Children,  Sui^geon  and 
Lecturer  on  Surgery  at  St.  George's  Hospital,  i  voL  Svo,  with  numerous 
Illustrations.  \Ntarly  ready. 


LECTURES  ON  THE  DISEASES  OF  INFANCY 

AND  CHILDHOOD. 

By  Charles  West,  M.D.,  &c.,  Physician  to  the  Hospital  for  Sick 
Children.     Fifth  Edition,  revised  and  enlarged.    8vo,  i6x. 

ILLUSTRATIONS     OF    CHILDREN'S     DISEASES. 

By  the  same  Author.  [Preparing /or puNication. 

HOW  TO  NURSE  SICK  CHILDREN; 

Containing  Directions  which  may  be  found  of  service  to  all  who  have  the 
Charge  of  the  Young.  By  the  same  Author.  Fourth  Edition.  Fcap. 
8vo,  IS,  6d, 


THE   PHILOSOPHY  OF  HEALTH; 

Or,  an  Exposition  of  the  Physiological  and  Sanitary  Conditions  conducive 
to  Human  Longevity  and  Happiness.  By  South  wood  Smith,  M.D. 
Eleventh  Edition,  with  113  Figures  engraved  on  Wood.     8vo,  Js.  6«/. 

J^  MANUAL  OF  THE  DOMESTIC  PRACTICE 

OF   MEDICINE. 

By  W.  B.  Kesteven,  Fellow  of  the  Royal  College  of  Surgeons  of 
England,  &c  Third  Edition,  thoroughly  revised;  with  many  Addi- 
tions, and  the  amission  of  such  topics  as  were  found  in  practice  to  render  the 
first  edition  less  strictly  adapted  for  domestic  use.     Fcap.  8vo,  Cj. 
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QYMNASTS  AND  GYMNASTICS. 

By  John  H.  Howard.  Second  Edition,  revised  and  enlarged,  with 
various  Selections  from  the  best  Authors,  containing  445  Exercises ;  and 
illustrated  with  135  Engravings,  including  the  Most  Recent  Improvements 
in  the  different  Apparatus  now  used  in  the  various  Clubs,  &c  Crown 
8vo,  lar.  6d, 


^OTES  ON  HOSPITALS. 


By  FiX)RENCE  Nightingale.     Third  Edition,  enlarged,  and  for  the  most 
part  re-written.     Post  4to,  with  13  Plans,  i&r. 
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'THOMSON'S  CONSPECTUS  OF  THE  BRITISH 

PHARMACOPCEIA. 

Twenty-fifth  Edition,  corrected.  By  Edmund  Lloyd  Birkett,  M.D., 
&c.,  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 
iSmo.  [Nearly  ready, 

J^ANUAL     OF     MATERIA     MEDICA     AND 

THERAPEUTICS  : 

Being  an  Abridgment  of  the  late  Dr.  Pe&eira's  Elements  of  Materia 
Medica,  arranged  in  conformity  with  the  British  Pharmacopoeia,  and 
adapted  to  the  use  of  Medical  Practitioners,  Chemists  and  Druggists, 
Medical  and  Pharmaceutical  Students,  &c  By  F.  J.  Farre,  M.D.  ftc ; 
assisted  by  R.  Bentley,  M.R.C.S.,  and  R.  Warington,  F.R.S. 
8vo,  with  90  Woodcuts,  21s, 


QN   FOOD  AND  ITS   DIGESTION: 

Being  an  Introduction  to  Dietetics.  By  W.  Brinton,  M.D.,  late  Phy- 
sician to  St  Thomas's  Hospital.     8vo,  with  48  Woodcuts,  12s. 

A  CTON'S  MODERN  COOKERY  FOR  PRIVATE 

FAMILIES, 

Reduced  to  a  System  of  Easy  Practice  in  a  Series  of  carefully  tested 
Receipts,  in  which  the  Principles  of  Baron  Liebig  and  other  eminent 
writers  have  been  as  much  as  possible  applied  and  explained.  Newly 
revised  and  enlarged  Edition,  with  additional  Plates  and  Woodcuts.  Fcap. 
8vo,  price  6s, 
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DICTIONARY    OF    CHEMISTRY    AND    THE 

ALLIED   BRANCHES   OF  OTHER  SCIENCES. 

By  Henry  Watts,  F.C.S.,  assisted  by  eminent  Contributors.  4  vols. 
8vo.  In  course  of  publication  periodically  in  Parts.  Vol.  I.  31X.  6d., 
Vou  II.  26/.,  Vou  III.  price  31A  6d,,  and  VoL  IV.,  price  24s.  arc 
now  ready. 


£LEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical.    By  William  Allen  Miller,  M.D.,  LL.D., 
F.  R.  S.,  Professor  of  Chemistry,  King's  College,  London.    Revised  Edition, 
complete  in  3  vols.  8vo,  3/.     May  be  had  separately  : — 
Part  L— CHEMICAL  PHYSICS,  4th  EdiUon,  i^, 

„    IL— INORGANIC  CHEMISTRY,  4th  Edition,  2ts. 

„  in.— ORGANIC  CHEMISTRY,  3d  Edition,  24/.  - 


fJANDBOOK  OF  CHEMICAL  ANALYSIS, 

Adapted  to  the  Unitary  System  of  Notation.     By  F.   T.    Conington, 
M.  A.,  F.C.S.    Post  8vo,  yj.  6d. 

CONINGTON'S     TABLES     FOR     QUALITATIVE 

ANALYSIS.     Designed  as  a  Companion  to  the  above.     2^".  €«/. 


^   MANUAL  OF  CHEMISTRY, 

Descriptive  and  TheoretlcaL     By  William  Odling,    M.B.,    F.R.S., 
Fellow  of  the  Royal  College  of  Physicians,  Secretary  to  the  Chemical     I 
Sodety,    and    Lecturer   on    Chemistry  at  St    Bartholomew's    Hospital 
Part  L  8vo,  9/.  sewed.     Part  II.  J\rMrfy  ready, 

^  COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,  with  express  reference  to  the 
Three  Months*  Summer  Practice.  By  the  same  Author.  Second  Edition, 
illustrated  with  70  new  Woodcuts.     Crown  8vo,  7/.  6</. 

LECTURES   ON   ANIMAL   CHEMISTRY, 

Delivered  at  the  Royal  College  of  Physicians.  By  the  same  Author. 
Crown  8vo,  4r.  6<2. 
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CHEMICAL    NOTES     FOR    THE    LECTURE 

ROOM— ON  HEAT,  LAWS  OF  CHEMICAL  COMBINA- 
TION, AND  CHEMISTRY  OF  THE  NON-METALLIC 
ELEMENTS. 

By  Thomas  Wood,  Ph.  D.,  F.C.S.,  &c.,  Chemical  lecturer  ftt  the 
Brighton  College.     Second  ?^dition.     Crown  8vo,  3/.  6rt^. 


Srience  anb  ||[atural  Pbiorji. 


gRANDE'S  DICTIONARY  OF  SCIENCE,  LITE- 
RATURE and  art  ;  I 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms  in  \ 
general  use,  together  i»ith  the  History  and  Descriptions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Fourth  Edition, 
reconstructed  and  extended  under  the  Joint -Editorship  of  the  late  Author 
and  the  Rev.  George  W.  Cox,  M.A.  ;  assisted  by  Contributors  of  eminent 
Scientific  and  Literary  Acquirements.    3  vols,  medium  8vo,  63/. 


(JRE'S   DICTIONARY   OF   ARTS,   MANUFAC- 
TURES, AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  Sixth 
Edition,  chiefly  rewritten  and  greatly  enlarged  by  Robert  Hunt,  F.R.S., 
Keeper  of  Mining  Records,  assisted  by  numerous  Contributors  eminent  in 
Science  and  the  Arts,  and  familiar  with  Manufactures.  With  above 
2000  Woodcuts.     3  vols,  medium  8vo,  4/.  141.  dd. 


\    £LEMENTARY  TREATISE  ON  PHYSICS, 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.     Trans- 

lateil  and  edited  from  Ganot's  EUments  «/<  Physique  (with  the  Author's  \ 

sanction)   by    E.   Atkinson,    Ph.D.    F.C.S.    Professor  of  Experimental  j 

j  Science,  Royal  Military  College,  Sandhurst.     New  Edition,  with  a  Plate  I 

and  620  Woo<lcuts.     Post  8vo,  15/.  I 
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^RNOTT'S     ELEMENTS     OF     PHYSICS    OR 

NATURAL    PHILOSOPHY. 

Written  for  General  Use  in  Plain  or  Non-technical  Language.  Sixth 
Edition,  thoroughly  revised  by  the  Author ;  and  containing  in  the  Second 
Part  the  new  completing  chapters  on  Electricity  and  Astronomy,  with  an 
Outline  of  Popular  Mathematics.  8vo,  in  Two  Pa&ts,  which  may  be  had 
separately,  price  lOf.  6d,  each. 


THE  CORRELATION  OF  PHYSICAL  FORCES. 

By  W.  R.  Grove,  Q.C,  M.A,,  V.P.R,S.  New  Edition,  being  the 
Fifth,  followed  by  a  Discourse  on  Continuity.  8to,  lor.  6d,  The  Dis- 
course on  Continuity  may  be  had  separately,  price  2s.  6d. 


I 


fJEAT  A  MODE  OF   MOTION. 

By  John  Tyndall,  LL.D.,  F.R.S.,  Professor  of  Natural  PhilosojAy  in 
the  Royal  Institution  of  Great  Britain,  and  in  the  Royal  School  of  Mines. 
Third  Edition,  with  Additions  and  Illustrations.  Crown  8vo,  with  Plate 
and  io8  Woodcuts,  lor.  6tL 

COUND ; 

A  Course  of  Eight  Lectures  delivered  at  the  Royal  Institution  of  Great 
Britain.  By  the  same  Author.  With  a  Portrait  of  M.  Chladni,  and  169 
Woodcuts.     Crown  8vo.  9/. 

pARADAY  AS  A  DISCOVERER:    A  MEMOIR. 

By  the  same  Author.     With  Two  Portraits.    Crown  8vo,  dr. 


LIGHT;    ITS    INFLUENCE    ON    LIFE    AND 

HEALTH. 

By  Forbes  Winslow,  M.D.,  D.C.L.  Oxon.  (Hon.)  Fcp.  8vo,  6x. 


AN    ESSAY  ON    DEW,   AND    SEVERAL 

^^     PEARANCES  CONNECTED  WITH   IT. 


AP- 


By  W.   C.   Wells.     Edited,   with  AnnoUtions,   by  L.    P.    Casella, 
F.R.  A.S.,  and  an  Appendix  by  R.  Strachan,  F.M.S.     8vo>  ^r. 


OUTLINES  OF  ASTRONOMY. 


By  Sir  John  F.  W.  Herschel,  Bart,  KH.,  &c,  Member  of  the  Insti- 
tute of  France.     Ninth  Edition,  with  Corrections.  8vo,  with  9  Plates,  i8x. 
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CELESTIAL    OBJECTS    FOR    COMMON    TE- 

LESCOPES. 

By  the  Rev.  T.  W.  Webb,   M.A.,  F.R.A.S.,  Incumbent  of  Ilardwick, 

Herefordshire.     Revised  Edition,  with  more  numerous  Illustrations. 

[A^earfy  ready, 

jf^  TREATISE  ON  ELECTRICITY, 

In  Theory  and  Practice,  By  A.  De  la  Rivf^  late  Professor  in  the 
Academy  of  Geneva.  Translated  for  the  Author  by  C.  V.  Walker, 
F.R.S.     3  vols.  8vo,  with  numerous  Woodcuts,  3/.  13/. 


J)OVE'S   LAW   OF  STORMS, 

Considered  in  connexion  with  the  ordinary  Movements  of  the  Atmosphere. 
Translated  by  R.  H.  Scott,  M.  A.,  T.C.D.     8vo,  lOr.  6d, 


J^  AN  UAL  OF  GEOLOGY. 


By  Samuel  Haughton,  M.D.,  F.R.S.,  Fellow  of  Trin.  ColL  and 
Professor  of  Geology  in  the  Univ.  of  Dublin.  Second  Edition,  with  66 
Figures  engraved  on  Wood.     Fcap.  8vo,  Js,  6J, 


J^  GUIDE  TO  GEOLOGY. 

By  John  Phillips,  M.A.,  LL.D.,  F.G.S.,  Professor  of  Geology  in  the 
University  of  Oxford,  &c.  Fifth  Edition,  revised  and  corrected.  Fcap., 
with  4  Plates  and  53  Diagrams,  4s, 


Xhe  primitive  inhabitants  of  scan- 

DINAVIA : 

Containing  a  description  of  the  Implements,  Dwellings,  Tombs,  and  Mode 
of  Living  of  the  Savages  in  the  North  of  Europe  during  the  Stone  Age. 
By  SvEN  NiLSSON.  Third  Edition,  revised  by  the  Author ;  with  an 
Introduction  by  Sir  John  Lubbock,  Bart.,  F.R.S.  8vo,  with  16  Plates  of 
Figures  of  Remains,  i&r. 


/^  GLOSSARY  OF  MINERALOGY. 

By  Henry  William  Bristow,  F.G.S.,  of  the  Geological  Survey  of 
Great  Britain.     Crown  8vo,  with  486  Figures  on  Wood,  dr. 

J^OCKS  CLASSIFIED  AND  DESCRIBED ; 

A  Treatise  on  Lithology.  By  Bernhard  Von  Cotta.  An  English 
Edition  by  Philip  Henry  Lawrence  (vrith  English,  German,  and 
French  Synonymes),  revised  by  the  Author.     Post  Svo,  14/. 
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^  PRACTICAL  TREATISE  ON  METALLURGY, 

Elaborated  after  the  last  German  Edition  of  Kerl's  Metallurgy^  for  use  in 
Great  Britain  and  the  English  Colonies.  By  William  Crookes,  F.R.S., 
&c.,  and  Ernst  Ron  rig,  Ph,D.,  B.D.  2  vols.  8vo,  with  numerous 
Illustrations.  \Jn  the pras. 


J^ANUAL  OF  PRACTICAL  ASSAYING, 

For  the  use  of  Metallurgists,  Captains  of  Mines,  and  Assayers  in  general  ; 
with  copious  Tables  for  Ascertaining  in  Assays  of  Gold  and  Silver  the  Pre- 
cise Amount  in  Ounces,  Pennyweights,  and  Grains  of  Noble  Metal  contained 
in  One  Ton  of  Ore  from  a  Given  Quantity.  By  John  Mitchell,  F.CS. 
Second  Edition  [1854] ;  with  360  Woodcuts.     8vo.  21/. 


]^ANUAL  OF  THE   METALLOIDS. 

By  James  Apjohn,  M.D.  Edited  by  the  Rev.  J.  A.  Galbraith,  M.  A. 
and  the  Rev.  S.  Haughton,  M.D.,  F.R.S.  Second  Edition,  revised. 
Fcap.  8vo,  with  38  Woodcuts,  is,  M.  ! 


JvJANUAL   OF    CORALS    AND   SEA   JELLIES 

(Calenterala.)    By  J.  R.  Greeke,   B.A.     Edited  by  J.  A.  Galrraith, 
M.A.  and  S.  Haughtox,  M.D.     Fcap.  8vo,  with  39  Woodcuts,  5^. 

I^ANUAL  OF  SPONGES  AND  ANIMALCULiE 

(Protcsoa) ;   with  a  General  Introduction  on  the  Principles  of  Zoology. 
By  the  same  Author  and  Editors.     Fcap.  8vo,  with  l6  Woodcuts,  2j. 


APEWORMS      AND      THREADWORMS 

(HUMAN  ENTOZOA); 

Their  Sources,  Nature,  and  Treatment.  ByT.  S.  CoBBOLD,  M.D.,  F.R.S., 
F.L.S.  Lecturer  at  the  Middlesex  Hospital.  Second  Edition,  with  15 
Woodcuts.     Fcp.  8vo,  3.f.  6</. 


npHE  TREASURY  OF  BOTANY,  OR  POPULAR 

DICTIONARY   OF   THE   VEGETABLE   KINGDOM; 
With  which  is  incorporated  a  Glossary  of  Botanical  Terms.     Edited  by 
J.  LlNDLEV,  M.D.,  F.R.S.,  and  T.  Moore,  F.L.S.,  assisted  by  nmnerous 
Contributors.    With  20  Steel  Plates,  and  numerous  Woodcuts  fiom  Original 
Designs  by  W.  H.  Fitch.     2  Parts,  fcap.  8vo,  20s, 
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THE 


BRITISH   FLORA: 

Comprising  the  Phu:nogainous  or  Flowering  Plants  and  the  Ferns.  Eighth 
Edition,  revised  and  enlarged,  with  many  figures  illustrative  of  the  Uml)el- 
liferous  Plants,  the  Compo:»ite  Plants,  the  Grasses,  and  the  Ferns.  By  the 
late  Sir  \V.  J.  Hooker,  F.R.A.S.,  F.L.S.,  and  G.  A.  Walker- Arnoit, 
F.L.S.,  Regius  Professor  of  Botany  in  the  Univ.  of  Glasgow.  i2mo, 
with   12  Plates,  141.  ;  with  Coloured  Plates,  2ix. 


I  LOUDON'S  ENCYCLOPiEDIA  OF  PLANTS: 

'  Comprising  the  Specific  Character,  Description,  Culture,  History,  Applica- 

{  tion  in  the  Arts,  and  every  other  desirable  particular  respecting  all  the 

I  plants  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.     Corrected 

I  by    Mrs.    LouDON,    assisted    by    George   Don,  F.L.S.,    and   David 

I  WoosTER.     8vo,  with  above  12,000  Woodcuts,  price  42J. 


fJOMES  WITHOUT  HANDS : 

A  description  of  the  Habitations  of  Animals,  classed  according  to  their 
Principle  of  Construction.  By  the  Rev.  J.  (J.  Wood,  M.A.,  F.L.S.,  with 
about  140  Vignettes  on  Wood  (20  full  size  of  page).  Second  Edition.  8vo, 
price  2is, 

gIBLE  ANIMALS ; 

Being  an  Account  of  the  various  Birds,  Beasts,  Fishes,  and  other  Animals 
mentioned  in  the  Holy  Scriptures.  By  the  same  Author.  Copiously 
Illustrated  with  Original  Designs,  made  under  the  Author's  superin- 
tendence, and  engraved  on  Wood.  In  course  of  publication  monthly, 
to  be  completed  in  20  Parts,  price  ix.  each,  forming  One  Volume, 
uniform  with  **  Homes  without  Hands." 


'pHE 


HARMONIES  OF  NATURE  AND  UNITY 


OF  CREATION.  i 

13y  Ur.  U.  Hartwiu.    8vo,  with  numerous  Illustrations,  l&r. 

'pHE  SEA  AND  ITS  LIVING  WONDERS. 

By  the  same  Author.     Third  Edition,  enlarged.     8vo,  with  many  Illustra- 
tions, 2 IX. 

'PHE  TROPICAL  WORLD. 

By  the  same  Author,  with  8  Chromoxylographs  and  1 72  Woodcuts.     8vo. 
price  2  J  J. 

y  HE  POLAR  WORLD  :   • 

A  Popular  Account  of  Nature  and   Man   in   the   Arctic  and   Antarctic 
Regions.     By  the  same  Author.     8vo,  with  numerous  Illustrations. 

[iVearfy  ready. 
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Acton's  Cookery  ....  9 
Apjohn's  Manual  of  the  Metalloids.  14 
Amott*s  Elements  of  Physics  .        .12 

Bain  on  the  Emotions  and  Will .     .  4 

on  Mental  and  Moral  Science.  4 

on  the  Senses  and  InteUect     .  4 

on  the  Study  of  Character .     .  4 

Blakistun  on  Diseases  of  the  Heart  6 
Brande's     Dictionary    of    Science, 

Literature,  and  Art  .  .  .  II 
Brinton  on  Food  and  Digestion  .  9 
Bristow^s  Glossary  of  Mineralogy  .  13 
Brodie's  (Sir  B.  C.)  Works  .  ,  2 
Bull's  Hints  to  Mothers  .  .  8 
Maternal  Management  of  Chil- 
dren    8 

Cobbold  on  Tapeworms  ,         .14 

Conington's  Handbook  of  Chemical 

Analysis     •        .         .         .     .  10 

Cooke  on  Cancer  ....  6 
Copland's  Dictionary   of    Practical 

Medicine 3 

Crookcs  and  Rohrig's  Metallurgy   .  14 

De  La  Rive's  Treatise  on  Electricity  13 
Dickinson  on  Albuminuria  .     .     6 ' 

Dove's  Law  of  Storms   .         .         ,13 
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Ganot's  Physics 

Gray's  Anatomy 

Gream  on  Diet  of  Children     . 

Greene's  Corals  and  Sea  Jellies  . 

Sponges  and  Animalculac 

Grove  on   Correlation  of  Physical 
Forces 

Harley  and   Brown's    Histological 

Demonstrations 
Haughton's  Manual  of  Geology 
Hartwtg's  Harmonics  of  Nature     . 

Polar  World  . 

Sea  and  its  Living  Won- 


ders 


Tropical  World 


Herschel's  Outlines  of  Astronomy  , 
Hewitt  on  the  Diseases  of  Women  . 
Holmes's  Surgery  .  .  .  . 
'—  Surgical  Diseases  of  Infancy 
Hooker  and  Walker- Amott's  British 

Flora 

Howard's  Gymnasts  and   Gymnas- 
tics          

Johnson  on  Cholera  and  Diarrhoea 

Kesteven's  Domestic  Medicine 

La\vson  on  Injuries  of  the  Eye 
Lawrence  on  Rocks 
Lewes's  History  of  Philosophy 
Life  of  Sir  John  Richardson  . 
Lindley's  Treasury  of  Botany 
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Little  on  Spinal  Weakness      .        .    7 
Loudon's  Encyclopaedia  of  Plants   .  15 

Mackenzie  on  Diseases  of  the  Eye  .  7 

Marshall's  Outlines  of  Physiology'  .  2 

Mill's  Hamilton's  Philosophy  .  .  4 

System  of  Logic       .         •  •  4 

Miller's  Elements  of  Chemistry  .  10 

Mitchell's  Assaying         .         .  ^  14 

Montgomery  on  Pregnancy         .  .  6 

Moore  on  Rodent  Cancer  .  5 

Morehead  on  Disease  in  India  .  $ 

Morell's  Elements  of  Psychology  .  3 

Mental  Philosophy         ,  .  3 

Murchison  on  Continued  Fevers  .  5 
on  Diseases  of  the  Liver  5 

Nightingale's  Notes  on  Hospitals  .  9 
Nilsson's  Stone  Age  in  Scandinavia  13 

Odling's  Animal  Chemistry         .     .10 
Course   of    Practical   Che- 
mistry   .         .         .  .         .10 

Manual  of  Chemistry      .     .10 

Owen's  Comparative  Anatomy  and 
Physiology  of  Vertebrate' An i- 
mals 2 

Paget 's  Lectures  on  Surgical  Patho- 
logy    4 

Pemberton's  Illustrations  of  Cancer  5 
Percira's  Manual  of  Materia  Medica  9 
Phillips'  Guide  to  Geology  .     .   13 

Pollock  on  Consumption  .         .    6 

St  Bartholomew's  Hospital  Reports  5 
Salter  on  Diseases  of  the  Teeth  .  6 
Skey  on  Hysteria  .  .  .  .  6 
Smith's  Philosophy  of  Health  .  .  8 
Southey  on  Tubercle      .         .        ,6 

Thomson's  Conspectus,  by  Birkett  .  9 
Todd  and  Bowman's  Anatomy  and 

Physiology  of  Man  .         .        .    2 
Tyndall's  Lectures  on  Sound      .     .12 

Heat    .        .  12 

Memoir  of  Faraday    .     .12 

Ure's  Dictionaiy  of  Arts,  Manufac- 
tures, and  Mines  .         .     .  11 

Watson's  Principles  and  Practice  of 

Physic     .         .         ,          .        .  3 

Watts's  Dictionary  of  Chemistry.     .  10 
Webb's  Celestial  Objects  for  Com- 
mon Telescopes       .         .         .13 

Wells  on  Dew 12 

West  on  the  Diseases  of  Children   .  8 

Illustrations  of  ditto      .         .  8 

How  to  Nurse  Sick  Children  .  8 

W-inslow  on  Light      .          .         .     .  12 

W- ood's  Chemical  Notes           ,         .  1 1 

Bible  Animals        .         .     .  15 
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PHYSICIAN'S  CERTIFICATE  OF  DEATH. 


STATE   OF   INDIANA,  |       •^.I'hc  Hhyiicia.i  who  attcnH*  urty  pcr.«,a 

'  [m  »  li«>t  illneis  saould  fill  out  and   retain 

i  this  Stub. 

Oounty . ) 

STATE  fiOABD  OF  HEALTH. 

I     Name  _  _....___      ...    ...Sex Color .   

2.  Ajjc.  .  years month     _   ._days.      Occupation 


J.  Date  of  J)e.\th 


month . 


*  Sint^ie,  Marrie<i,  Widower,  Widow. 

4.  Nationality  and  Place  where  Boni 

5.  Duiatioa  of  last  Illness    .... ..weeks 

6.  Place  of  I  )e.ith  + .      

7.  Cause  of   Death  J  ...        _ 


day,  188 hour  . 


M.. 


.days 


S.  Names  of  l*arcnts } 


'  Father. 


Mother . 


Complication 


Duration  of  Complication 


I).   Post  Mortem  and  Remarks 
10.   Rejwrled  by§ 


Dated  at 188 

■^  Erase  such  of  these  a«  are  not  re- 
quired. 

t  City— No.  Street  and  Ward;  same  in 
towns  that  have  them;  township 
or  precinct. 

t  State  primary  and  immediate  cauxe 
of  Death;  Still  Birth  reported  as 
Birth  and  Death. 

I  For  house  holder  in  case  no  physi- 
cian  is  present 


MD. 

Attending  Physician. 


Residence . 


.Post  Office. 


Inbti. 
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